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Abstract 
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Abstract 

The oil palm value chain is the series of value-adding processes and activities where 

raw material (i.e., fresh fruit bunch) is upgraded into final products such as refined oil, energy, 

biofertiliser, and dried fibres.  The entire value chain consists of three major components, 

namely the plantation, processing, and supply chain, involving different stakeholders from 

major government bodies to minor private owners.  In the industry, fresh fruit bunches 

harvested from the plantations are sent to palm oil mills for crude palm oil and palm kernels 

production.  In the process, biomass (e.g., empty fruit bunches, palm kernel shells) and 

wastewater effluent, known as the palm oil mill effluent, are produced.  In the current practise, 

biomass can be used as feedstock in palm-based biorefineries as well as combined heat and 

power systems, while palm oil mill effluent is treated with integrated biogas and wastewater 

treatment systems.  On the other hand, palm kernels are sent to kernel crushing plant for crude 

palm kernel oil productions.  Lastly, the crude oils produced are further processed in palm oil 

refineries before selling to the consumers.  In this respect, the performance of every component 

in the value chain and their interactions with each other play a crucial role to achieve higher 

economic performance in the industry.  However, the integration and optimisation of the entire 

oil palm value chain are difficult due to its enormous network structure and complexity.  

Besides, several barriers have hindered the development of oil palm value chain, such as 

operational uncertainties, cooperative partnerships, and information transparency within the 

industry. 

This thesis presents a hierarchical approach to design an oil palm value chain with 

maximum economic performance.  The proposed method consists of multiple levels, where 

mathematical approaches are introduced for process or system synthesis, optimisation, 

operation decision-making, and integration in each level.  In the first level, individual systems 
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or processes are optimised and analysed separately.  Firstly, the oil palm plantation is optimised 

based on its economic performance where different fertilisation management and rainfall 

availability are taken into account.  Next, synthesis and optimisation for the palm oil milling 

process are performed to yield the highest economic performance.  Seasonal variations in 

feedstock supply and energy demand are considered for technology and design capacity 

selection with the incorporation of multi-period optimisation formulation in the model.  Such 

an approach is then extended for the synthesis and optimisation of the integrated biogas and 

wastewater treatment system.  Following that, a feasible operating range analysis is introduced 

to evaluate the performance and determine the bottleneck of the milling process synthesised 

for different design capacities.  In the process, utilisation and flexibility indexes are identified 

to provide strategies and operational decisions in operating a palm oil mill. 

In the second level, multiple processes are integrated to form an oil palm-based 

industrial symbiosis coalition.  The interaction among processes for different coalition 

configurations are optimised in terms of economic performance, and their corresponding 

greenhouse gas emissions are evaluated.  Subsequently, a multiple-processes feasible operating 

range analysis is presented to obtain the global feasible operation of the alliance formed.  In 

the third level, an oil palm value chain to yield maximum economic performance is developed, 

considering spatial data and interconnectivity among different systems or processes within the 

industry.  Collaboration reliability index is then introduced to measure the reliability of the 

value chain network formed, along with its corresponding economic performance under 

different supply chain management.  Lastly, possible extensions and future opportunities for 

this research work are highlighted at the end of this thesis. 
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 Introduction 

 

1.1. Background 

Oil palm (Elaeis guineensis) has origin in the tropical rain forest region of West Africa.  

During the 14th to 17th centuries, some palm fruits were taken to the Americas and from there 

to the Far East countries (Poku, 2002).  Following that, the oil palm industry developed rapidly 

in countries such as Indonesia, Malaysia, Nigeria, and Thailand (Ekpa, 1995).  To date, palm-

based products can be found everywhere in our daily life (e.g., cookies, margarine, oil, body 

creams, makeup, soaps, makeup, and detergents).  Figure 1.1 shows the breakdown of the uses 

of the oil palm tree. 

 

 

Figure 1.1. Uses of the oil palm tree. 
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Oil palm is known as the most efficient oilseed crop worldwide.  The oil yield from oil 

palm is up to ten times higher than other leading oilseed crops such as rapeseed, sunflower, 

and soybean (Sumathi et al., 2008).  The United States Department of Agriculture (USDA) has 

reported that palm oil accounts for the highest fraction among the major vegetable oils 

produced globally in the year 2018, as shown in Figure 1.2 (USDA, 2019).  The share of palm 

oil production as compared to the others in total world oils and fats raised from 4% in 1962 

(Basiron et al., 2004) to 35% in 2018.  It accounts for 61.8 out of 204 Mt/y of vegetable oils 

produced worldwide.  The breakdown of palm oil productions by different countries in the 

world is given in Figure 1.3.  Note that Malaysia appears to be the second world leader after 

Indonesia, producing up to 20.5 Mt of crude palm oil (CPO) annually in 2018 (USDA, 2019).  

It translates to a total of 44.72 billion MYR/y (~6%) in Malaysia’s gross domestic product 

(DOS, 2018). 

 

 

Figure 1.2. Major vegetable oils production in Mt/y (USDA, 2019). 
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Figure 1.3. Palm oil production in Mt/y (USDA, 2019). 

 

Despite the fact that palm oil has a significant contribution to the economic aspect, it 

also leads to devastating environmental and social concerns.  The analysis shows that the oil 

palm industry has been a significant driver of deforestation (Lawson et al., 2014).  Tropical 

forests and peatlands are removed to make room for oil palm plantations, processing, and 

transportation facilities, releasing massive quantities of carbon dioxide (CO2), and destroying 

the habitats for critically endangered species (Reusner, 2014).  Such practice leads to the 

formation of EU Resolution 2017, where palm oil-based biofuels will be banned entirely by 

the year 2021 (MPOC, 2018). 

In this regard, standards organisations were established to promote sustainable growth 

and the use of oil palm products, ensuring the credibility of palm oil sustainability claims in 

the industry.  The Roundtable on Sustainable Palm Oil (RSPO) was founded by different 

stakeholders from the oil palm industry (i.e., oil palm producers, processors, consumer goods 

manufacturers, retailers, investors, and non-governmental organisations) to develop and 
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implement global standards for sustainable palm oil in the year 2004 (RSPO, 2004).  A set of 

environmental and social criteria has been designed for companies to be recognised as certified 

sustainable palm oil (CSPO) producer.  Following that, the Government of Indonesia 

introduced the Indonesian Sustainable Palm Oil (ISPO) standard in the year 2011.  It is 

mandatory for every Indonesian oil palm grower to improve the sustainability and 

competitiveness of the Indonesian palm oil industry while contributing to the government’s 

commitments in reducing greenhouse gas (GHG) emissions (ISPO, 2013; Efeca, 2016).  

Meanwhile, Malaysian Sustainable Palm Oil (MSPO) standard was announced by the 

Malaysian government in 2013 to help small to mid-range cultivators and palm oil processing 

facilities, who could not afford RSPO certification to operate sustainably (MSPO, 2013; Efeca, 

2016).  Recently, the MSPO certification compliance was made mandatory for oil palm 

management and supply chain in Malaysia by the end of 2019 (Sivanandam, 2017). 

Note that various efforts have been made to stimulate continued growth in the oil palm 

sector, while also promoting sustainable development and meeting environmental 

commitments.  Table 1.1 shows some examples of sustainable sourcing guidance for oil palm 

industry available.  This thesis aims to establish a better understanding of the oil palm industry 

with challenges currently faced in the sector highlighted.  Also, optimisation models are 

developed to overcome the issues and to achieve a sustainable oil palm value chain (OPVC). 
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Table 1.1. Sustainable sourcing guidance for oil palm industry available. 

Sustainable Sourcing Guidance Year Organisation Descriptions Ref. 

Profitability and Sustainability in Palm Oil 

Production: Analysis of Incremental Financial 

Costs and Benefits of RSPO Compliance. 

2012 
World Wildlife 

Fund (WWF) 

A guideline to show that RSPO-compliant 

plantations and mills are more profitable and have 

improved staff morale and reduced turnover, better 

yields, more consistency, along with improved 

community and government relations. 

(Levin, 2012) 

Palm Oil Investor Review: Investor Guidance on 

Palm Oil.  The Role of Investors in Supporting the 

Development of a Sustainable Palm Oil Industry 

2012 WWF 

A report with examples of actions taken by 

companies and lays out a five-stage process for 

companies to drive deforestation out of their supply 

chain. 

(Grayson and 

Stampe, 2012) 

Principles and Criteria for the Production of 

Sustainable Palm Oil 

2013, 

2018 
RSPO 

A proper guideline to help the growers, millers, and 

auditors to understand what the criterion and 

indicators mean in practice, to indicate good practice, 

and practices that should be followed. 

(RSPO, 2013, 

2018) 

How Investors are Changing the Supply Chain for 

Palm Oil 
2014 

Green Century 

Funds 

A review on how investors can and have driven 

change by the Green Century Capital Management. 

(Reusner, 

2014) 

Realising Zero-Deforestation: Transforming 

Supply Chains for the Future. 
2015 

Carbon 

Disclosure 

Project (CDP) 

A report to provide examples of actions being taken 

by companies and strategies to address climate 

change acceleration, reducing deforestation, and 

forest degradation to the global agenda. 

(CDP, 2015) 

Sustainable Palm Sourcing Guidelines: 

Supporting Sustainable Value Chains and 

Business Practices Globally. 

2015 

The Consumer 

Goods Forum 

(CGF) 

A guideline to assist companies in the development 

of their policies for effectively sourcing palm oil.  It 

was developed by a set of retailers and manufacturers 

from across the CGF membership, with input from 

several external stakeholders. 

(Gavilan and 

Dias, 2015) 
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Table 1-1 (cont’). Sustainable sourcing guidance for oil palm industry available. 

Sustainable Sourcing Guidance Year Organisation Descriptions Ref. 

Sustainable Sourcing Guide for Palm Oil Users: A 

Practical Handbook for US Consumer Goods and 

Retail Companies. 

2015 

Conservation 

International and 

WWF 

A report to aid companies to understand their palm 

oil footprint and the various issues related to sourcing 

certified sustainable palm oil. 

(Thomas et al., 

2015) 

No One is Safe: Illegal Indonesian Palm Oil 

Spreads through Global Supply Chains Despite 

Global Sustainability Commitments and 

Certification. 

2016 
Eyes on the 

Forest (EoF) 

A report on how CPO tainted by illegally grown FFB 

enters the palm oil supply chains. 
(EoF, 2016) 

Guide To Sustainable Palm Oil for Singapore 

Companies: Economic Opportunities and 

Sourcing Guidelines 

2018 

Southeast Asia 

Alliance for 

Sustainable Palm 

Oil (SASPO) 

A report to highlight the importance and economic 

benefits of sustainable palm oil sourcing policy, 

followed by a proper guideline through the process of 

sustainable palm oil sourcing. 

(Southeast Asia 

Alliance on 

Sustainable 

Palm Oil 

(SASPO), 

2018) 

Annual Communication of Progress (ACOP) 

Guidelines for Members of the Roundtable on 

Sustainable Palm Oil 

2019 RSPO 

A report to assist RSPO members in preparing for the 

ACOP submission period, understand the questions 

asked in the questionnaire, and to ensure that the 

ACOP report has been successfully submitted to 

RSPO. 

(RSPO, 2019) 
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1.2. Oil Palm Value Chain (OPVC) 

A value chain is the relationships among the buyers, sellers, service providers, and 

regulatory institutions that operate within or influence the range of activities required to bring 

a product or service from inception to its end-use.  As discussed earlier, every part of the oil 

palm tree could be processed and upgraded into different products.  The series of value-adding 

processes and activities from oil palm trees into final products such as refined oil, energy, oleo-

chemicals, and green products are known as OPVC.  In general, the OPVC can be divided into 

three sections, namely the plantation, processing (milling and refinery) and supply chain 

(consumer and transportation), which will be discussed in the following subsections. 

 

1.2.1. Oil Palm Plantation (OPP) 

Oil palm plantation (OPP) is an area in which oil palm trees are cultivated on a large 

scale for commercial purposes.  Oil palm trees absorb sunlight, water, and nutrients to produce 

fresh fruit bunches (FFB) which is harvested and sent to processing for oil productions.  In 

general, an oil palm tree can last for at least 25 years, provided that the trees could tolerate 

abiotic stresses and are free from diseases such as brown germ, Curvularia leaf blight and 

Ganoderma basal stem rot (Pornsuriya et al., 2013).  As shown in Figure 1.4, the lifecycle of 

an oil palm tree can be divided into four phases.  It started with the immature I phase from age 

zero to three.  The immature I phase usually occurs in a nursery to grow strong, healthy, and 

viable seedlings before plantation establishment for the next phase (Ewulo et al., 2015).  At the 

age of three, oil palm trees are planted in the field to grow and acclimatise in with new 

surroundings.  Up to the age of nine, oil palm trees are considered to be in immature II phase 

where FFB yield increases linearly.  As the oil palm tree continues to mature, FFB yield 

increases and reaches a peak in year 7 to 18 (Wilmar International, 2018).  After this stage, the 
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oil palm trees enter the ageing or senescence phase, where FFB yield starts to decrease 

gradually.  At the age of 25 and above, the old tree is felled to initiate another crop cycle in a 

plantation (Bessou et al., 2017). 

 

  

Figure 1.4. FFB yield by oil palm tree age (Tan, 2014). 

 

The productivity of each plantation varies due to factors such as climate, soil condition, 

plantation management, and oil palm species. Estate could be owned by small scale farmers, 

private enterprises, or millers itself.  Due to the increasing demand for global oils and fats, 

forests have been converted for commercial agriculture activities.  Hence, oil palm plantation 

is often blamed as the primary cause of forest loss and deforestation, especially in Indonesia 

and Malaysia, where palm oil is mostly produced.  The development of new plantations and 

deforestation activities, resulting in a massive source of GHG emissions and the destruction of 

ecosystems.  As a result, the sustainability of the palm oil industry is much criticised.  In order 

to maintain the sustainability of the palm oil industry, estate management plays a very crucial 

role by increasing the fruit production rate rather than a larger plantation area.  It could be 

achieved easily by having good agricultural practices and technology. 
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1.2.2. Oil Palm Processing 

Oil palm processing can further be divided into upstream and downstream processing.  

Upstream processing consists of a palm oil mill (POM) in which CPO was produced from FFB.  

On the other hand, kernel crushing plant (KCP) produces crude palm kernel oil (CPKO) from 

palm kernel (PK).  In the process, various biomass such as palm kernel shell (PKS), empty fruit 

bunch (EFB), palm kernel cake (PKC), and waste effluent, known as the palm oil mill effluent 

(POME) are produced.  These products and by-products from the upstream processes are 

further processed to increase the value in downstream processes.  For instance, CPO and CPKO 

are refined into olein, stearin, and fatty acid distillate in palm oil refinery (POR) system before 

sending to consumers or manufacturers for further conversion into oleo-chemicals, biofuels 

and fine chemicals. 

On the other hand, biomass is utilised in combined heat and power (CHP) system for 

steam and power generation to sustain POM’s operations or upgraded into value-added 

products such as biofertilisers, pellets and dried long fibres in palm-based biorefinery (PBB) 

system.  Generally, 0.6 t of steam and 15 – 20 kWh electricity are required to convert one tonne 

of FFB into products in the milling process (Nasrin et al., 2011b).  In order to ensure a 

continuous milling process, CHP system is installed to produce sufficient heat and power 

simultaneously and continuously to the POM (Husain et al., 2003; Raj et al., 2011; Ng et al., 

2012).  Meanwhile, POME is treated in a wastewater treatment system upon discharge to the 

watercourse to prevent environmental pollution.  It is estimated that 5 - 7.5 m3 of utility water 

is required to produce one tonne of CPO with more than 50% of them ended up as liquid waste 

known as POME (Ahmad et al., 2003).  POME contains high organic contents, leads to high 

chemical oxygen demand (COD) and biochemical oxygen demand (BOD) (Ahmed et al., 2015).  

A direct discharge of POME to the watercourse will create environment pollution (Poh and 
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Chong, 2009).  Besides, biogas is dissipated into the atmosphere, causing a catastrophic impact 

on the environment as methane (CH4) gas has 25 times higher of global warming potential than 

CO2 (Gardner et al., 1993).  In this respect, an integrated method to recover the generated 

biogas from the high organic content in POME while treating the wastewater is introduced 

(Chan et al., 2012; Tabassum et al., 2015).  Biogas could be utilised as a fuel to generate heat 

and electrical power in a CHP system.  Electrical energy can then be feed into the national grid 

at a premium rate under the feed-in-tariff (FiT) scheme (SEDA, 2017).  Alternatively, it can be 

upgraded to bio-compressed natural gas (bioCNG) for direct injection into the natural gas grid 

(Miltner et al., 2017). 

One major problem associated with the oil palm industry is the expansion of plantation 

land-bank to increase the production of raw material (i.e., FFB) to obtain a higher profit margin 

in the market.  However, such practice causes the palm oil industry to be less sustainable due 

to deforestation activities and other environmental issues.  In order to solve this issue, new 

technologies and management systems could be developed to increase the efficiency and 

productivity of the processing facilities (i.e., POM, KCP, and POR).  In that sense, the 

conversion of pristine ecosystems into new plantations could be prevented to conserve the 

sustainability of this industry.  Moreover, the coalition among different processing facilities 

could also increase the production or improve the sustainability of the industry as compared to 

individual operations.  Such interactions to promote sustainability of the oil palm industry is 

defined as oil palm-based industrial symbiosis (OPIS). 

 

1.2.3. Oil Palm Supply Chain 

The supply chain is a network between suppliers to consumers, generating and 

distributing products to the end-users or customers.  The supply chain in the oil palm industry 
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begins from the OPP where FFB is sent to POM to produce CPO, PK, and other by-products.  

CPKO is extracted from PK in KCP for extraction.  Following that, both CPKO and CPO are 

sent to POR for refinery processes before sending the refined oils to consumers.  Different 

transportation methods could be used for logistics (e.g., rail or road transport), depending on 

the location.  Besides transportation methods, the allocation of materials to multiple sites and 

the presence of various organisations in the industry further complicates the supply chain 

network.  For instance, one plantation may send its FFB to single or multiple POMs to be 

processed.  The challenge is magnified with the presence of many estates, processing facilities, 

and stakeholders to generate different products.  Hence, supply chain management (SCM) is 

very crucial to reduce the cost and environmental impact of transportation across the value 

chain.  Besides, an optimum supply chain allows more efficient production and faster 

production cycle.  Therefore, a well-managed supply chain contributes to a more sustainable 

OPVC via a reduction in deforestation for oil palm sourcing. 

 

1.3. Prospects for Oil Palm Value Chain 

Although increasing the land-bank is one of the simple solutions to fulfil the increment 

in palm oil demand, it is not the only option available which serves as motivation for this thesis.  

An integrated solution by having proper management for all three factors mentioned earlier to 

develop a sustainable OPVC could be done.  Specific objectives such as maximising the yield, 

economic performance, EP, wastes utilisations or minimising the environmental impacts (i.e., 

GHG emissions) shall be focused.  Figure 1.4 shows an integrated OPVC network where the 

association between plantation, processing, and supply chain are presented. 
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Figure 1.5. Integrated OPVC network. 

 

Note that each block represents a system or process with the possibility of having more 

than one unit in the entire value chain network (i.e., multiple OPPs, POMs, and PORs may 

exist within the system).  The arrows in Figure 1.4 represent energy or material flows between 

OPP, processing facilities, and port/consumers, where solid arrows are associated with logistics 

costs and emissions while dashed arrows are not.  OPIS coalition can be formed among several 

processing facilities such as POM, CHP, PBB and IBWT systems, which is built on the same 

site.  The integrated OPVC aims to provide communications and promote collaborations among 

all systems or processing facilities to improve overall EP and sustainability of the oil palm 

industry. 

 



Chapter 1 

13 

1.4. Challenges in Oil Palm Value Chain 

While the concept of OPVC promotes the sustainability of the oil palm industry, there 

are several barriers which have hindered its development.  These barriers are identified as the 

following: 

• Very inefficient or conventional processing technologies used for oil extraction with 

low oil extraction rate and high oil loss. 

• Difficulty in developing and synthesising a new system due to the immaturity of 

technologies and financial viability. 

• Operational uncertainties such as fluctuation in product demand, raw material 

supplies, costs, etc. 

• The highly fragmented relations and lack of coordination between the actors at each 

functional level, resulting in poor sourcing management and inefficient supply chain. 

• Presence of a transparent system in the oil palm industry and systematic tools to 

quantify the carbon footprint. 

• The complexity of OPVC to integrate the plantation, processing, and supply chain 

altogether, developing a sustainable network structure. 

 

1.5. Aim of Research 

The challenges mentioned in Section 1.4 could be solved with systematic approaches 

to integrate and optimise the entire value chain.  Other prospects, such as feasibility, economic, 

sustainability, and operational analysis, are then performed to evaluate the performance of the 

value chain.  Hence, this research work aims to contribute to the body of knowledge by 

developing systematic approaches needed to address the challenges stated. 
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1.6. Objective of Research 

The objectives of this thesis are to develop systematic approaches which: 

• Synthesise and optimise individual systems or processing facilities separately, 

followed by integration in stages to represent the entire value chain network. 

• Investigate the improvement in economic and environmental aspects of the OPVC 

against the conventional practice in the industry. 

• Consider operational issues such as the variations in feedstock supply, processing 

capacity, feasibility, and utilisation of the systems or processing facilities developed. 

 

1.7. Thesis Outline 

Firstly, the background with the prospects and challenges faced in the oil palm industry 

is introduced in Chapter 1, along with the aim and objectives of this thesis.  Next, a critical 

review of the oil palm industry and various process systems engineering (PSE) approaches are 

presented in Chapter 2.  This thesis is then followed by a discussion of the systematic methods 

developed for the oil palm industry in the past.  The research gaps and opportunities for 

improvement are then highlighted, along with the contribution of this thesis.  Chapter 3 

proposed several research scopes to be completed, which complements the research gaps 

discussed in Chapter 2 in developing a sustainable OPVC.  Each of the research scopes 

proposed is addressed systematically with the research methodology at the end of Chapter 3. 

In Chapter 4, a systematic approach is presented to synthesise and optimise a palm oil 

milling process as compared to the conventional POM design.  Multi-period optimisation is 

considered in the proposed approach to synthesise a robust POM configuration, capable of 

handling the variation in FFB supply.  A 60 t FFB/h POM is synthesised, followed by a 
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sensitivity analysis on the fluctuation in feedstock and product prices to study the economic 

behaviour under different circumstances.  Chapter 5 then extends the developed work in 

Chapter 4 with consideration of the operations and feasible operating range of the synthesised 

milling process.  Single process feasible operating range analysis (FORA) is presented to 

identify the changes in capital investment required and its corresponding product output.  The 

utilisation, flexibility, and bottleneck of each POM are determined.  In Chapter 6, the proposed 

multi-period approach in Chapter 4 is replicated to synthesise and optimise an IBWT system 

to facilitate the POM designed.  Two case studies with and without power grid connections are 

presented.  Besides, different strategies are provided to promote biogas utilisation to ensure the 

economic feasibility of the developed system. 

Following that, the integration of multiple processing facilities to form an OPIS is 

presented in Chapter 7.  A systematic approach is developed to evaluate the benefit of such a 

coalition in terms of EP and reduction in GHG emissions.  The latter part of this chapter 

presents multiple processes FORA to obtain the genuinely feasible operation of the OPIS and 

predict the EP of each process in the coalition.  In order to illustrate the developed approach, 

an analysis of an OPIS is demonstrated.  Following Chapters 4 - 7, Chapter 8 presents integrate 

and optimise the entire OPVC by considering spatial distribution and interconnectivity among 

different sites.  A fuzzy optimisation approach is incorporated to trade-off the EP with respect 

to the reliability of collaboration between sites within the value chain.  The proposed method 

was illustrated by solving an OPVC case study of a state in Malaysia. 

Lastly, Chapter 9 concludes this thesis by outlining the research contributions by 

delivering a complete overview of the systematic approaches developed for the entire OPVC.  

Future research works and opportunities are given at the end of this chapter to improve the 

systematic methods developed in this thesis. 
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 Literature Review 

 

2.1. Introduction 

In this chapter, the literature reviews related to this research is presented and organised 

as follow.  Firstly, Section 2.2 introduces the concept and advantages of value chain towards 

sustainable production and supply in the industry.  Such concept is then adopted in the oil palm 

industry to form an oil palm value chain (OPVC), where each component in the OPVC is 

reviewed to provide a critical written account of the current state.  Next, a review of process 

systems engineering (PSE) techniques used to form systematic tools for process synthesis and 

analysis are provided in Section 2.3.  The applications of systematic approaches in the oil palm 

industry is then outlined in Section 2.4.  Based on the given review, the research gaps are 

highlighted along with the contribution of this research work in Section 2.5. 

 

2.2. Oil Palm Value Chain (OPVC) 

The network of technologies and infrastructure to convert low-value raw materials to 

high-value products is known as a value chain.  It is a group of activities performed to create 

value in terms of economic, environmental, and social aspects, which leads to competitive 

advantage.  The concept of the value chain was first introduced by Porter (1985), where final 

products are delivered through a set of primary and support activities (Figure 2.1).  Each event 

is associated with one another, and the changes in product values (i.e., margin) are determined 

across the value chain. 
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Figure 2.1. Porter’s generic value chain (Porter, 2001). 

 

There are several advantages associated with the concept of the value chain.  These advantages 

include: 

• Providing a top-down overview of the industry while capturing the details from 

individual activities to more substantial system interactions. 

• Identifying the interconnectivity between different activities, showing the alternative 

pathways available within a value chain. 

• Allowing the sources and losses of value in each activity within a value chain to be 

identified systematically and efficiently. 

• Determining the inadequate activities within a value chain and provide opportunities 

for optimisation to create higher values. 

• Ability to predict the changes in value generated by considering external variations, 

providing better resilience in the industry 

 

It is shown that the concept of value chain plays a significant role in driving the industry 

towards sustainable production and supply.  Over the years, this concept has been widely 



Chapter 2 

18 

applied in various industries, such as the wood processing (Haavengen et al., 1996), furniture 

(Handfield et al., 1997), sugar (Higgins et al., 2007), automotive (Lind et al., 2012), cement 

(de Souza and D’Agosto, 2013), biomass (Samsatli et al., 2015), natural gas (Karimi and Khan, 

2018; Lee et al., 2018), CO2 (Jarvis and Samsatli, 2018), and renewable energy (Samsatli and 

Samsatli, 2019).  Despite this, little progress has been made to apply the value chain concept 

into the oil palm industry.  As the most abundant major vegetable oils produced, it is crucial to 

extend this concept to the oil palm industry.  The OPVC covers the growing and production of 

fresh fruit bunch (FFB), crude oils extraction, wastes treatment, transportations, and crude oils 

refinery (Hashim et al., 2012).  The integrated network structure of an OPVC is given in Figure 

1.4, broken down into plantation, processing, and supply chain to be reviewed in the following 

sub-sections. 

 

2.2.1. Oil Palm Plantation (OPP) 

In the oil palm plantation (OPP), photosynthesis process takes place in oil palm trees 

where resources such as sunlight, water, and nutrients are consumed to support vegetative 

growth and FFB production.  Most plantations in Malaysia obtained sufficient sunlight and 

water through the natural course from the weather patterns.  Additional water can be applied 

manually in drier areas or during drought seasons to fulfil the water requirement for oil palm 

(Carr, 2011; TNAU Agritech, 2013a).  On the other hand, nutrients are obtained through 

fertilisation, biomass recovery, or a combination of both.  Nitrogen (N), phosphorus (P) and 

potassium (K) are the primary sources of nutrients required by oil palm for vegetative and 

reproductive growths to increase FFB productivity (Syura and Tsan, 2009; Makinde et al., 

2011).  Table 2.1 summaries the recommended fertiliser application rates for immature and 

matured oil palm trees in a plantation.  However, it is noted that the FFB productivity of each 
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estate also depends on the surrounding environment, such as climate change, soil condition and 

plantation management (Comte et al., 2012; Wijaya et al., 2015).  According to Goh et al. 

(2009), the average and maximum FFB yields based on environmental conditions are given in 

Table 2.2. 

 

Table 2.1. Recommended fertiliser application rate. 

Fertiliser 

application 

Nitrogen, N 

(kg/ha/y) 

Phosphorus, P 

(kg/ha/y) 

Potassium, K 

(kg/ha/y) 
Ref. 

Immature 

35 - 105 42 - 56 42 - 420 (Goh et al., 2003) 

45 25 108 (FAO, 2005a) 

50 - 120 22 - 48 54 - 216 (Von Uexküll, 2007) 

Matured 

35 - 245 56 - 98 42 - 420 (Goh et al., 2003) 

120 22 286 (FAO, 2005a) 

120 16.1 285.6 (Tarmizi and Tayeb, 2006) 

120 - 200 30 - 87 183 - 581 (Von Uexküll, 2007) 

 

Table 2.2. FFB yields for matured OPP (Goh et al., 2009). 

Environment Maximum yield (t/ha/y) Average yield (t/ha/y) 

Good 35 29 

Satisfactory 30 26 

Fair 25 21 

Poor 20 17 

 

With a desirable environment, the OPP is capable of providing higher FFB yield, where 

the most practical and efficient manner to achieve high FFB yield is through the 

implementation of proper plantation management.  Fertilisation plays a crucial role in 

plantation management as it controls the amount of nutrients available for FFB production and 

soil conditions, allowing nutrients to be absorbed by oil palm trees.  Nutrients (i.e., N, P, and 

K) are required to promote the growth rate of plants in the plantation is typically obtained from 

the application of inorganic or organic fertilisers.  The inorganic fertiliser can be divided into 
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straight (single nutrient) and compound (two or more nutrients) fertilisers.  These fertilisers are 

usually made from mineral salts and fossil fuels. 

Meanwhile, organic fertiliser can be made from animal manure, composts, or biosolids.  

The inorganic fertiliser provides several advantages, such as high nutrient contents, low 

absorption time, odourless, practical, and easy to apply (Hasputri et al., 2017).  However, 

excessive inorganic fertiliser application induces problems such as nutrient imbalance, soil 

acidification, and hardening of soil (Ewulo et al., 2015).  Besides, as mentioned previously, 

that inorganic fertilisers are primarily produced from non-renewable sources (i.e., mineral salts 

and fossil fuels); thus, this fertiliser is not sustainable.  Meanwhile, most of the inorganic 

fertilisers in Malaysia are imported from overseas, which involves long-distance travel and 

logistic.  Therefore, based on the lifecycle analysis of such fertiliser, a colossal amount of 

greenhouse gas (GHG) are emitted from the fertilisers. 

On the other hand, organic materials in organic fertiliser are capable to improve soil 

quality (Bell et al., 2003), provide tolerance towards moisture stress (Yusuf, 2014), improve 

nutrients uptake (Rosenani et al., 2016) and plant growth (Hasputri et al., 2017) in plantations.  

Besides, the long-term use of organic fertiliser allows significant increment in soil carbon 

storage (Brown et al., 2011).  The organic fertiliser also reduces the dependency on inorganic 

fertiliser (Abdul Aziz et al., 2012) and fertiliser-induced emissions, enhancing the 

sustainability of a plantation.  Despite that, most organic fertilisers are invariably low in 

nutrient contents.  As a result, a large quantity is needed to provide sufficient nutrients required 

for optimum growth of oil palm and FFB yield (Syura and Tsan, 2009). 

According to the Malaysian Palm Oil Board (MPOB) (2018a), oil palm occupied more 

than 5.8 million hectares of agricultural land in Malaysia alone in the year 2018.  Besides, it is 

forecasted to grow with constant increment in global palm oil consumption by approximately 
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7 % per annum since the past two decades (Business Wire, 2017).  While oil palm industry 

contributes significantly to the national economy, increment in oil palm cultivations are much 

criticised as a primary driver of deforestation (Lawson et al., 2014) and other environmental 

issues such as degradation of land resources, loss of biodiversity, GHG emissions and soil 

carbon loss (Comte et al., 2012; Mohd Kusin et al., 2015).  Apart from fossil fuels combustion, 

deforestation is known to be the second-largest anthropogenic source of CO2 to the atmosphere 

(Van Der Werf et al., 2009).  Peatlands and rainforests are cleared for oil palm cultivations 

(Vijay et al., 2016), which also lead to the decrease in the number of orang-utan species in 

South East Asia, particularly in Malaysia and Indonesia (Swarna Nantha and Tisdell, 2009).  

Besides, a large number of commercial fertilisers and pesticides used in plantations cause 

nutrient losses from the soil through several processes such as runoff, leaching, and gaseous 

emissions (Fairhurst and Härdter, 2003; Comte et al., 2012).  As a result, detrimental impacts 

to the environment such as groundwater pollution (Johnson et al., 1991), soil acidification 

(Bouman et al., 1995; Barak et al., 1997), disruption in aquatic ecosystem (Selman et al., 2008) 

and GHG emissions (Kim and Dale, 2008) are created. 

 

2.2.2. Oil Palm Processing 

The harvested FFBs are first processed before converted into final products in a refinery.  

Palm oil mill (POM) and kernel crushing plant (KCP) are considered as upstream processes 

where FFB are converted into intermediates such as crude palm oil (CPO), palm kernel shell 

(PKS), and palm oil mill effluent (POME).  These intermediates are then converted into final 

products in downstream processes such as combined heat and power (CHP), integrated biogas 

and wastewater (IBWT), palm-based biorefinery (PBB), and palm oil refinery (POR) systems.  

Meanwhile, an oil palm-based industrial symbiosis (OPIS) coalition between multiple 
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processing facilities may exist to enhance its performance, increasing the value generated 

across the value chain.  In this sub-section, the operations and technologies available in the 

market for each processing facility are reviewed. 

 

2.2.2.1. Palm Oil Mill (POM) 

FFB harvested in OPP is sent to POM to produce CPO.  Figure 2.2 shows a typical 

process flow diagram of the palm oil milling process in a POM.  As shown, the process can be 

generally divided into several unit operations.  Firstly, FFB is sterilised to deactivate any 

enzymatic activity and loosen the fruitlet from the bunch.  Different sterilisation technologies 

(i.e., horizontal, vertical (Poku, 2002), continuous (Kandiah et al., 2006) and tilted (Loh, 2010) 

sterilisers) were currently used in POMs.  Besides, several sterilisation patterns from single- to 

triple-peak steam cycles are practised to enhance the oil extraction efficiency (EnergyWise, 

2013; Noerhidajat et al., 2016).  Next, the fruitlets are separated from the stalk known as EFB 

via threshing process before digestion and pressing processes (Poku, 2002). 

During the pressing process, the liquid product is separated from the solid products in 

digested fruitlet.  In the current POM design, mechanical screw press (PORIM, 1985), and 

double pressing (Harun et al., 2015) machines are commonly used.  The solid products consist 

of palm pressed fibre (PPF) and palm nuts, which was then sent to the nut separation system 

(e.g., inclined rotary separator (Obincowelds Construction Company Ltd., 2015), depericarper 

(HUATAI Cereals and Oils Machinery, 2014)).  The palm nuts are then cracked into PK and 

PKS, separated via clay bath, hydrocyclone (Hartley, 1988) or multiple-staged winnowing 

system (Rohaya et al., 2016).  On the other hand, the liquid product that is made up of water, 

oil, and fibrous materials (DOE, 1999) are sent for clarification process to remove the entrained 

impurities.  In this respect, technologies such as clarification tanks (Poku, 2002) and decanters 
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(Alfa Laval, 2015; Jorgensen and Singh, 1980) are utilised.  The entrained solid particles are 

removed as decanter cake (DC), while the water discharge is commonly known as POME.  The 

oil is then further purified into CPO through centrifugal and drying operations. 

 

 

Figure 2.2. Typical unit operations for palm oil milling process. 

 

Based on the above discussion, it is noted that many alternative technologies can be 

used for different unit operations in a POM.  Note also that throughout the milling process, 

various by-products such as decanter cake (DC), empty fruit bunch (EFB), palm pressed fibre 

(PPF), PKS, and POME are generated.  Chaisri et al. (2007) reported that 10.6 g/L of oil and 

grease were trapped in POME.  Meanwhile, EFB and PPF contain approximate 3-4% (Gomez 

et al., 2015) and 1.8-3.96% (Subramaniam, 2013) of residual oil (wet basis), respectively.  A 
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rough estimation of 10% of oil lost occurs across the entire milling process (Cock et al., 2014).  

As a result, a 10% profit cut was expected as CPO serves as the main product and income 

generator in a POM.  In this regard, various technologies such as tilted steriliser (Loh, 2010), 

double screw press (Harun et al., 2015; Palm Oil Mill Consultants and Training, 2011), and 

vacuum clarifier have been developed to reduce oil losses in the milling process.  Furthermore, 

oil recovery technologies such as EFB screw press (Gomez et al., 2015) and three-phase 

decanter (Alfa Laval, 2015) were introduced to recover oil from EFB and POME, which in turn 

improve the overall oil yield. 

 

2.2.2.2. Combined Heat and Power (CHP) system 

In the current practice, biomass generated during the milling process is used as fuel in 

the boiler due to its high calorific value.  Table 2.3 shows the properties such as moisture 

content (MC), ash, and low heating value (LHV) of palm-based biomass.  The cogeneration 

system is adapted to generate heat, mainly in the form of steam and power in the form of 

electricity.  In the boiler, high-pressure steam (HPS) at 1800 – 2000 kPa is produced and 

expanded through a series of backpressure steam turbines to generate electricity.  The exhaust 

steam at 290 – 320 kPa, known as low-pressure steam (LPS) is then channelled to an 

accumulator before utilised in the milling process (Husain et al., 2003; Nasrin et al., 2011b).  

In most cases, POM is self-sufficient by combusting mainly PPF and some of the PKS to meet 

its electrical and thermal demands (Ali et al., 2015).  Meanwhile, EFB biomass is not used for 

this purpose due to its high MC (Garcia-Nunez et al., 2016). 

  



Chapter 2 

25 

Table 2.3. Palm-based biomass properties (Yunus et al., 2015). 

Biomass MC (%) Ash (dry wt %) LHV (MJ/kg dry basis) 

Palm pressed fibre, PPF 37 5.37 19.06 

Palm kernel shell, PKS 8 4.44 20.09 

Empty fruit bunch, EFB 67 5.51 18.88 

 

In Malaysia, 77% of the existing POMs utilises its biomass for cogeneration in the CHP 

system (Umar et al., 2014).  Such a system is more efficient (57 - 70% fuel efficiency) as 

compared to separate generation, usually with less than 40% fuel efficiency (Nasrin et al., 

2011b).  Not to mention that biomass used are renewable energy sources and carbon-neutral as 

the carbon emitted are biogenic carbon, absorbed from the atmosphere during photosynthesis 

process (Zaimes and Khanna, 2015).  It dramatically reduces the carbon footprint of the milling 

process while eliminating the needs of biomass disposal (Ali et al., 2015).  Furthermore, the 

reliance on external sources for heat and power is disregarded, reducing the risk of operational 

failure in POM due to insufficient energy supply. 

 

2.2.2.3. Integrated Biogas and Wastewater Treatment (IBWT) system 

The typical characteristics of POME are given in Table 2.4.  Stricter regulatory control 

through Environmental Quality (Sewage and Industrial Effluents) Regulations, 1979 is 

enforced by the Department of Environmental (DOE) Malaysia to minimise the pollution 

caused by POME.  Biochemical oxygen demand (BOD) under 100 mg/L must be achieved 

before being discharged to the environment (Ong, 1979).  Recently, the more stringent 

requirement has been imposed for POMs located in water catchment areas, specifically in East 

Malaysia with BOD discharge limit set at 20 mg/L (Asis et al., 2016).  In the current industry, 

the ponding system is used to treat POME for discharge with low capital and operating costs 

(Tong and Jaafar, 2004).  In such a system, POME is treated in several ponds with different 
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functions (e.g., cooling, mixing/de-oiling, acidification, facultative, and aerobic ponds) 

(Hassan et al., 2005).  During the anaerobic process, organic compounds in POME are broken 

down to yield biogas in a sequence of reactions; hydrolysis, fermentation 

(acidogenesis/acetogenesis) and methanogenesis (Gerardi, 2003).  These reactions occur under 

anaerobic conditions in the presence of microbes and microorganisms (Ohimain and Izah, 

2017).  It is estimated that 34 Nm3 of biogas with 54.4% methane (CH4) (12.36 kg CH4) is 

released per tonne of POME at room condition (Yacob et al., 2006). 

 

Table 2.4. General characteristics of POME (Ahmed et al., 2015). 

Parameter Concentration Range 

Chemical oxygen demand (COD) (mg/L) 15,000 - 100,000 

Biochemical oxygen demand (BOD@30°C) (mg/L) 10,250 - 43,750 

Total solid (TS) (mg/L) 11,500 - 79,000 

Total suspended solid (TSS) (mg/L) 5,000 - 54,000 

Oil and grease (mg/L) 130 - 18,000 

Temperature (°C) 80 - 90 

pH 3.4 - 5.2 

- Note that POME characteristics change subject to FFB condition, milling processes, crop seasons, 

climate, etc. 

 

In order to overcome this issue, one of the eight core Entry Point Projects (EPPs) under 

Palm Oil National Key Economic Areas (NKEA) program plans; EPP 5 urges every POM in 

Malaysia to build a biogas trapping facility (MPOB, 2014).  An IBWT system is introduced to 

treat POME with a closed anaerobic digester, capturing and utilising the biogas emitted.  It is 

estimated that a reduction of 17 - 20 Mt of CO2 equivalent of GHG annually if all POME in 

Malaysia is anaerobic digested (Bong et al., 2017).  Besides, more than 0.5 Mt of CH4 or 3.2 

TWh of electricity could be generated every year (Chin et al., 2013).  It is proven that POME 

has excellent potential to be a promising source for biogas in Malaysia.  In general, the IBWT 

system can be divided into several operations, as shown in Figure 2.3. 
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Figure 2.3. IBWT system unit operations. 

 

According to Hassan et al. (2005), POME generated in POM must be treated 

immediately to prevent scum formations on the surface, resulting in poor performance of the 

system.  Firstly, POME is pre-treated through a series of ponds for cooling, mixing, de-oiling, 

and pH adjustment before digestion processes (Poh and Chong, 2009).  The pre-treated POME 

is digested anaerobically to produce raw biogas.  Technologies such as up-flow anaerobic 

sludge fixed film (Najafpour et al., 2006), membrane anaerobic system (Abdurahman et al., 

2011), up-flow anaerobic sludge blanket (Fang et al., 2011), continuous stir tank reactor (Irvan 

et al., 2012), covered lagoon (Chin et al., 2013) and expanded granular sludge blanket (Wang 

et al., 2015) could be used to serve the purpose.  Note that each technology has different 

performance in terms of hydraulic retention time (HRT), CH4 yield, CH4 composition, chemical 
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oxygen demand (COD) and BOD removal efficiency (Ahmed et al., 2015; Ohimain and Izah, 

2017).  Next, the treated POME from the anaerobic digester can be sent to aerobic digestion to 

reduce COD and BOD in POME further.  The conventional used aerobic digester includes 

aerobic lagoon system (Wong, 1980), activated sludge system (Chan et al., 2011, 2010), 

aerobic membrane bioreactor (Damayanti et al., 2011) and extended aeration system (Chan et 

al., 2012).  In the digestion process, solid particles are removed as wet sludge with more than 

80% moisture content. 

Although various anaerobic and aerobic digesters are available in the market, the 

aerobically digested POME is unable to fulfil the discharge limits prescribed by DOE or 

recycled as utility water.  Therefore, polishing technologies such as physicochemical treatment 

and electrocoagulation system could be used to clean up POME further.  Physicochemical 

treatment consists of coagulation, flocculation, and sedimentation processes in which colloidal 

particles are separated from the digested POME before being discharged (Ahmed et al., 2015).  

On the other hand, the electrocoagulation system uses aluminium electrodes to apply an 

electrical charge, causing agglomeration of suspended matters in the POME (Kobya et al., 2006; 

Sontaya et al., 2013).  Such a process consumes a vast amount of electricity, but it also 

generates a river quality water (Class IIA), suitable for steam generation in boilers (WEPA, 

2008). 

Meanwhile, raw biogas produced during anaerobic digestion contains corrosive and 

hazardous gas (H2S), which concentration between 1500 - 3000 ppm (Hosseini and Wahid, 

2014; Tong and Jaafar, 2004).  Hence, the biogas cleaning system is necessary to remove the 

unwanted H2S component before the biogas can be used for power generation.  High-pressure 

water scrubbing, biological scrubber, activated carbon or metal oxide bed filter is the standard 

technologies used in biogas cleaning system (Khan et al., 2017; Sun et al., 2015). 
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2.2.2.4. Palm-based Biorefinery (PBB) system 

As shown in Figure 2.2, biomass such as EFB, PKS, and PPF are generated from the 

milling process.  Meanwhile, an oil palm frond (OPF) and oil palm trunk (OPT) biomass are 

produced in plantations.  By the year 2020, it is estimated that 85 – 110 Mt/y of dry biomass 

will be generated from the oil palm industry alone (AIM, 2013).  When left untreated, these 

biomasses will eventually be discarded and contribute to solid waste generation.  In that sense, 

the PBB system is introduced to solve the issue of proper biomass disposal by converting them 

into value-added products.  More importantly, a higher-margin could be generated from the oil 

palm industry while minimising the environmental impact as carbon is trapped and returned to 

the soil eventually (Lynd et al., 1999).  In general, palm-based biomass can be converted into 

value-added products through four different platforms, namely the biological, thermochemical, 

physical, and catalytic conversion, as shown in Figure 2.4.  Each platform consists of multiple 

technologies, converting different palm-based biomass into various products.  Table 2.5 

summarises the conversion technologies available for palm-based biomass. 

 

 

Figure 2.4. Palm-based biomass conversion platforms.  



Chapter 2 

30 

Table 2.5. Palm-based biomass conversion platforms and technologies. 

Year Authors Platform Technology Biomass 

(2010, 2009) Baharuddin et al. Biological Composting EFB, POME 

(2002) Deraman et al. Physical Pelleting EFB 

(2002) Husain et al. Physical Briquetting PPF, PKS 

(2010) Inayat et al. Thermochemical Gasification EFB 

(2011a) Nasrin et al. Physical Briquetting EFB, PKS 

(2011) Nieves et al. Biological Anaerobic digestion EFB 

(2011) Piarpuzán et al. Biological Fermentation EFB 

(2011) Razuan et al. Physical Pelleting PKC 

(2011, 2013) Uemura et al. Thermochemical Torrefaction EFB 

(2012) Forero Núnez et al. Physical Pelleting PKS 

(2012) Lu et al. Thermochemical Torrefaction PPF 

(2013) Asadullah et al. Thermochemical Fast pyrolysis PKS 

(2013) Abnisa et al. Thermochemical Slow pyrolysis EFB, PPF, PKS 

(2013) Gafar et al. Physical Powderisation DC 

(2014) 
Ofori-Boateng and 

Lee 
Biological Fermentation OPF 

(2014) Saidu et al. Biological Anaerobic digestion PPF 

(2014) Sitompul et al. Catalytic conversion EFB 

(2014) Yusuf Biological Composting EFB 

(2015, 2018) MPOB, GGS Physical DLF production EFB 

(2016) Adam et al. Biological Composting EFB, POME, DC 

(2017) Shahbaz et al. Thermochemical Gasification PKS 

 

2.2.2.5. Kernel Crushing Plant (KCP) 

Apart from CPO, the milling process also generates palm kernel (PK) (Figure 2.2), 

which requires further processing in KCP to produce crude palm kernel oil (CPKO).  Saw et 

al. (2012) reported that CPKO could be generated from PK through mechanical extraction 

(screw-pressing), solvent extraction, or pre-pressing followed by solvent extraction.  However, 

most KCP in the industry practices the mechanical method due to lower capital investment and 

energy required (Tang, 2001; Tang and Teoh, 1985).  Figure 2.5 shows the processing unit 

operations for mechanical extraction of CPKO. 
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Figure 2.5. Processing unit operations for mechanical extraction of CPKO. 

 

Firstly, PK is cleaned to remove sand, stones, or other undesirable materials before 

grinding and flaked in a roller mill.  The kernel flakes are then sent for steam conditioning at 

110 °C to adjust the moisture content, rupture cell-walls, reduce oil viscosity of the oil, and 

coagulate the proteins.  Such a process facilitates the separation of oil from protein materials 

in the pressing stage (Tang and Teoh, 1985).  Alternatively, PK can be pressed directly without 

the previous operations, but double pressing is needed to ensure efficient oil extraction.  After 

pressing, oil separated from the palm kernel cake (PKC) is filtered, and filter pressed to obtain 

the CPKO.  PKC contains 4.5 - 17.3% of residual oil, depending on the machinery and pressing 

conditions employed (Tang, 2001).  Besides, the high protein and fibre content make it a 

nutritious feeds formulation for the poultry industry (Wan Zahari and Alimon, 2003). 

In order to reduce the energy requirement, KCP is usually operated at large capacity 

(>1000 t PK/y).  According to Bamgboye and Jekayinfa (2011), a total 346.8 MJ energy is 
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required for every tonne of PK processed in KCP with small capacity (<600 t PK/y).  On the 

other hand, the total energy requirement is reduced to 176.6 MJ/t of PK in large KCP.  

Therefore, KCPs in the oil palm industry is usually operated in large capacity with PK supplied 

from several POMs.  On average, the PK from ten POMs are collected and processed in each 

KCP with a processing capacity of 169 Mt PK/y in Malaysia (MPOB, 2018b). 

 

2.2.2.6. Palm Oil Refinery (POR) system 

CPO and CPKO require further processing to remove the undesirable impurities such 

as odour, flavour, and colour while retaining the beneficial components (e.g., vitamins, pro-

vitamins, and antioxidants) for human consumption (Gibon et al., 2007).  Currently, in the 

industry, CPO and CPKO can be refined through chemical or physical means, as shown in 

Figure 2.7.  The principal difference between the two routes is how free fatty acid (FFA) is 

removed (Gibon et al., 2007).  In a physical operation, crude oils are degummed with water 

before bleaching to eliminate the phosphorus, iron, and copper impurities (Jekayinfa and 

Bamgboye, 2007).  At the same time, colouring pigments such as carotenoids are physically 

adsorbed on the bleaching clay.  It is then followed by the deodorising process where volatile 

odiferous components and FFA are removed in a vacuum stripper at elevated temperature to 

obtain a bland and odourless oil (Gibon et al., 2007). 

On the other hand, crude oils are cleared from gums during acid treatment in chemical 

operations where concentrated phosphoric acid is usually added.  The acid is then neutralised 

with a caustic solution to produce soaps where FFA is discarded before bleaching and 

deodorising procedures (Kellens and De Greyt, 2000).  The products from physical and 

chemical refining are labelled as refined, bleached, deodorised (RBD) and neutralised, 

bleached, deodorised (NBD) oils, respectively.  Usually, CPO and CPKO are refined physically  
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Figure 2.6. Processing unit operations of palm oil refinery system.
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due to higher oil yield, lesser chemicals used, and wastes produced (Gibon, 2012).  The refined 

oils are then fractionated into saturated and unsaturated fats known as stearin and olein, 

respectively, through distillation, crystallisation, or membrane press filter technologies 

(McNeill, 2014).  In some cases, CPKO of higher quality can be fractionated directly without 

pre-treatment to produce crude palm kernel stearin (CPKS) and olein (CPKOL) (Gibon et al., 

2007).  Palm olein and stearin are then used in different processes, such as blending, 

interesterification, and hydrogenation to meet various specifications of palm downstream 

products (e.g., ice-creams, emulsifiers, margarine, and cocoa butter). 

 

2.2.2.7. Oil Palm Integrated Symbiosis (OPIS) 

Historically, the term “industrial ecology” has been used to study the flows of material 

and energy through industrial systems (i.e., industrial metabolism).  The principal objective of 

industrial ecology is to translate the conventional linear systems into a closed-loop system 

(Lowe and Evans, 1995; Ehrenfeld and Gertler, 1997).  Since then, the concept of industrial 

symbiosis (IS) emerges to allow the exchange of resources between two or more systems in a 

mutually beneficial manner to strive for more mutual benefits and sustainability in the industry 

(Chertow, 2000).  For example, materials, including by-products from different systems, could 

be utilised as substitutes for commercial products or raw materials in another system.  

Resources such as energy and utility water can also be shared among several systems, while 

service provisions for ancillary activities such as fire suppression, transportation, and food 

provision may be combined to fulfil everyday needs across firms.  Such interactions increase 

the efficiency of resources used, reduce emissions, and eliminate wastes in the industry 

(Chertow et al., 2008). 
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In other studies, the concept of IS also defined as an eco-industrial park (EIP). Over the 

years, numerous IS and EIP have been established in different countries such as Denmark 

(Ehrenfeld and Gertler, 1997; Jacobsen, 2006), Puerto Rico region (Chertow et al., 2008) the 

United States of America (USA), Netherlands (Heeres et al., 2004), China (Shi et al., 2010), 

United Kingdom (UK) (Mirata, 2004), Australia (Van Beers et al., 2007), Japan (Van Berkel 

et al., 2009) and Bangladesh (Gregson et al., 2012) for various industries.  The concept is then 

extended to the oil palm industry to form an OPIS coalition between several palm-based 

processing facilities around the POM to improve EP while reducing the environmental impact.  

In such an alliance, some of the biomass generated is converted into bioenergy in a CHP system 

to sustain its operation (Ali et al., 2015).  Meanwhile, the remaining biomass can be upgraded 

into value-added green products in the PBB system (Deraman et al., 2002; GGS, 2018).  On 

the other hand, biogas can be generated for utilisation from POME while treating the waste 

effluent upon discharge in the IBWT system (Chin et al., 2013; Ohimain and Izah, 2017). 

Over the past few years, several relevant studies have been published to integrate 

different processing facilities within the oil palm industry.  For instance, Kasivisvanathan et al. 

(2012) incorporated a PBB into the milling process and performed a trade-off between the EP 

and environmental impact of the system.  The work is then extended to consider the 

uncertainties in raw materials and products price, the variability of feedstock supply, and 

product demand for such an integrated system (Kasivisvanathan et al., 2016).  Meanwhile, Ng 

and Ng (2013) introduced the palm oil processing complex (POPC) to promote integration 

among different processing plants and recovery of by-products.  POPC is defined as an 

industrial complex which integrates the POM, CHP, PBB, and POR processing facilities to 

improve the EP of the industry.  Satisfactory level in terms of economic interests (Ng et al., 

2013b), environment, and inherent safety (Ng et al., 2014) are then considered to address the 

individual interests of different owners in the POPC coalition.  Andiappan et al. (2016) then 
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presented a negotiation framework based on game-theory to allocate fair benefits among 

various processing facilities for an oil palm-based EIP case study. 

 

2.2.3. Oil Palm Supply Chain 

The network of the entities through which material flows is defined as supply chain 

(Lummus and Alber, 1997).  A supply chain begins with raw materials acquisition, followed 

by manufacturing or processing before delivering the final products to the end-users.  It consists 

of different primary activities (see Figure 2.1) involving multiple stakeholders to provide a 

forward flow of materials and a backward flow of information (Beamon, 2002).  Besides, the 

complexity of a supply chain increases with the size and amount of facilities considered 

(Beamon, 1999).  As such, a proper SCM was introduced to improve process efficiency and 

effectiveness, creating the most value out of the entire supply chain network (Cachon and 

Fisher, 2003; Lambert and Cooper, 2000).  Moreover, it allows a strategic and transparent 

integration to attain social and environmental goals while improving the long-term economic 

performance of a supply chain (Carter and Rogers, 2008). 

The concept of the supply chain has received significant attention from both academic 

scholars and industrial players.  For instance, Zhu et al. (2007) have performed an empirical 

analysis of the improvement of environmental, operational, and economic performance for the 

automotive supply chain.  Čuček et al. (2010) presented a multi-feedstock supply chain model, 

utilising various agriculture wastes for bioenergy generation.  The study was then extended to 

consider the variation in feedstock availability while taking the competition between fuels and 

food production into account (Čuček et al., 2014).  Meanwhile, a study on rubber seed supply 

chain has been performed to provide an efficient management system to reduce material loss 

maximise biomass utilisation, and minimise carbon emissions of the rubber industry (Ng et al., 
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2013).  Lam et al. (2013) then separated a supply chain into macro and micro-stages where 

material flows are first considered in the prior stage, followed by optimisation and design of 

processing facilities in the latter stage.  Subsequently, numerous publications on supply chain 

have also been established for the plastic (Kannan et al., 2015), biofuel (Ng and Maravelias, 

2017), oil and gas (Raut et al., 2017), paper (Rahmani Ahranjani et al., 2017) and packaging 

(Resat and Unsal, 2019) industries. 

The oil palm industry consists of a series of production and logistical stages.  The oil 

palm supply chain begins with the OPP where FFB is cultivated and harvested before sending 

to POM for milling processes.  The products and by-products from POM are sent for further 

processing in IBWT, KCP, POR, and CHP to produce final products before distributed to the 

consumers.  According to Ismail et al. (2003), 23.6 MYR/ t FFB (equivalent to 7.5 US$/ t FFB) 

is needed for input materials and FFB transportations in OPP.  Meanwhile, each tonne of 

refined oil emits 21.94 and 20.86 kg CO2 equivalent (CO2e) of GHG during the shipment of 

FFB from plantation to POM and CPO from POM to POR, respectively (Arshad et al., 2017).  

On the other hand, it is estimated that the plantation, logistics and milling process accounts for 

70, 3, and 27%, respectively, of the total carbon emission in the oil palm industry (Bessou et 

al., 2014). 

 

2.3. Process Systems Engineering (PSE) 

Systems engineering is an interdisciplinary field of engineering, focusing on the design 

and operation of complex systems to provide a service or a product (Fraser, 2010).  It was first 

introduced by Bell Telephone Laboratories to address the national telephone network in the US 

(Schlager, 1956).  With the advent of the computer, PSE emerges to develop systematic 

computer-based approaches and tools for process synthesis and analysis of complex systems 
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(Sargent, 2005; Stephanopoulos and Reklaitis, 2011).  More detailed information on process 

synthesis and optimisation approaches, followed by process analysis tools are reviewed in the 

following sub-sections. 

 

2.3.1. Process Synthesis and Optimisation 

Process synthesis consists of the development of a process based on chemical reactions, 

which link readily available raw materials to more valuable products (Siirola and Rudd, 1971).  

It involves the selection of an optimal interconnection of processing units, along with the 

optimal type and design of units (Nishida et al., 1981; Gandikota and Davis, 1990), to achieve 

different targets such as efficiency, sustainability, and profits (Dimian et al., 2014a).  Over the 

years, numerous approaches have been developed to provide a methodological framework in 

designing chemical processes (Barnicki and Siirola, 2004; Li and Kraslawski, 2004; 

Stephanopoulos and Reklaitis, 2011; Tian et al., 2018).  Generally, these approaches are 

categorised into (i) hierarchical, (ii) insight-based, and (iii) mathematical approaches.  Such 

methods have been successfully applied in different processes, ranging from microsystems to 

industrial-scale continuous and batch processes (Grossmann and Westerberg, 2000). 

 

2.3.1.1. Hierarchical Approaches 

The hierarchical approach is a systemic methodology for developing conceptual 

flowsheets for processes involving chemical reactions and separations (Dimian et al., 2014b).  

It was organised as a clearly defined sequence of tasks aggregated in levels, each one handling 

a fundamental conceptual problem.  Douglas (1985) first introduced the hierarchical approach 

for the synthesis of petrochemical processes, which is then presented in his classic book, 

Conceptual Design of Chemical Processes (Douglas, 1988).  The initial hierarchical approach 
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proposed consists of five levels, namely the (i) batch versus continuous operation modes, (ii) 

input-output structures, (iii) recycle structure of the flowsheet, (iv) general structure of 

separation systems, and (v) heat exchanger network. 

Smith (1995) then contrasted the “onion model” hierarchical framework proposed by 

Rudd et al. (1973) to come up with an onion model for process design, shown in Figure 2.8 to 

emphasise the sequential steps of process synthesis.  Based on Figure 2.8, reactor design is 

performed (first layer) before the separation system can be designed (second layer) and so on.  

In the event where a layer is not available in some processes, for example, not every process 

contains a reactor, the design starts with the second layer and move outwards.  Since then, the 

hierarchical approach has been improvised continuously to reduce the complexity and suit the 

study (Dimian and Bildea, 2008).  For instance, Foo and Ng (2013) revised the onion model to 

add the material recovery system layer after separation system design.  In addition, the pre- and 

post-treatment systems are both included, rather than just the ambient system to handle the 

emissions and effluents discharged in the final layer. 

 

 

Figure 2.7. The onion model of process design (Smith, 1995). 
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Over the years, the hierarchical approach has been used for the synthesis of water 

networks (Shoaib et al., 2008; Wan Alwi et al., 2008), heat exchange networks (Al-Mutairi and 

El-Halwagi, 2009), integrated biorefineries (Sánchez and Cardona, 2012; Conde-Mejía et al., 

2015; Goh and Ng, 2015), heat recovery systems (Oluleye et al., 2015), chlor-alkali 

productions (Smith, 2016), and dehydrogenation processes (Agarwal et al., 2018).  Besides, it 

has also been adapted for computer-aided molecular design (CAMD), where two different 

solvents were designed to extract phenol and hydroxymethylfurfural from water (Scheffczyk 

et al., 2017). 

 

2.3.1.2. Insight-based Approaches 

On the other hand, the insight-based approaches provide visual assistance in analysing 

scientific data and communicating quantitative information (Cleveland and Mcgill, 2009).  The 

pinch analysis technique is a well-known insight-based approach, introduced by Linnhoff et al. 

(1982).  It was first applied for the synthesis of heat exchanger network (Linnhoff and Flower, 

1978).  Following that, the pinch analysis technique was extended for the synthesis of mass‐

exchange networks (El‐Halwagi and Manousiouthakis, 1989), water networks (Wang and 

Smith, 1994), biomass supply chains (Lam et al., 2010), carbon emissions (Tan and Foo, 2007), 

and cooling utility network (Kim et al., 2001).  Detailed information and applications of such 

approach have been reviewed and discussed by Linnhoff (1993), Dunn and El-Halwagi (2003), 

Foo (2009), Klemeš and Kravanja (2013), and Foo and Tan (2016).  Recently, Jain and 

Bandyopadhyay (2019) also presented a multi-objective optimisation for segregated targeting 

problem using pinch analysis approach.  Besides, pinch analysis, another insight-based 

approach developed in the field was process graph, also known as P-graph (Friedler et al., 

1993).  In the course of time, P-graph has been widely implemented for the synthesis and 

optimisation of azeotropic distillation systems (Feng et al., 2003), biorefinery (Halasz et al., 
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2005), hydrogenation process (Fan et al., 2012), supply chain (Lam, 2013; Lam et al., 2013) 

polygeneration system (Tan et al., 2014).  How et al. (2018) also presented a debottlenecking 

framework using P-graph on the biomass supply chain. 

 

2.3.1.3. Mathematical Programming Approaches 

Alternatively, systematic mathematical programming approaches could be utilised for 

process synthesis via formulations of mathematical equations.  It allows the screening of every 

possible alternative during process synthesis to achieve an optimal solution based on the 

objective function set (Floudas, 1995).  The theory and applications of process synthesis for 

chemical processes were first reviewed by Hendry et al. (1973).  Grossmann (1980) then shows 

the effectiveness of mathematical programming approaches for process synthesis, with the 

illustrations on chemical complexes and stream generation systems presented.  A book on 

mathematical programming approaches to develop efficient, cost-effective chemical 

production processes was then published by Biegler et al. (1997).  Such methods vary from a 

simple linear programming (LP) model to more sophisticated mixed-integer linear 

programming (MILP), non-linear programming (NLP) and mixed-integer non-linear 

programming (MINLP) models to represent the real-life situations more accurately and 

precisely (Grossmann, 2002).  Over time, several mathematical approaches for process 

synthesis have been developed, and they will be discussed in detail as follows. 

 

2.3.1.3.1. Superstructure Approach 

The superstructure approach was established from to the fundamental principles of 

mass and heat transfer, where basic block-superstructure rules (such as splitting, mixing, and 

bypassing) are used to develop a systematic representation of process units and process 
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structures (Papalexandri and Pistikopoulos, 2004).  It is proven as a useful tool for the synthesis 

of chemical engineering processes to achieve an optimal solution from all the possible 

alternatives (Saif et al., 2009).  Papoulias and Grossmann (1983a, 1983b) were the first to 

present the superstructure approach to synthesise an optimal utility system by minimising the 

total annual costs.  A general superstructure for heat integration is presented by Yee and co-

workers (1990a, 1990b; 1990c) to synthesise and optimise heat exchanger networks.  Achenie 

and Biegler (1990) then synthesised a chemical reactor network to consider the effect of mixing 

and heating in homogeneous reactions, recycling reactors and heat exchanger configurations.  

Meanwhile, superstructures for the synthesis of integrated water network have been developed 

to minimise freshwater required and wastewater generated in the industry (Polley and Polley, 

2000; Karuppiah and Grossmann, 2006; Tan et al., 2009).  Apart from that, such an approach 

has also been applied to retrofit the mass exchange network (Chen and Hung, 2005; Isafiade, 

2018).  Thus far, the method has been used extensively to synthesise the polygeneration (Liu 

et al., 2009), biorefinery (Karuppiah et al., 2008; Kasivisvanathan et al., 2012; Ponce-Ortega 

et al., 2012), biofuels production (Martín and Grossmann, 2013), trigeneration (Carvalho et al., 

2011; Lozano et al., 2011; Andiappan and Ng, 2016), hybrid power systems (Lee et al., 2018) 

and multi-vector energy (Samsatli and Samsatli, 2018a, 2018b) systems. 

 

2.3.1.3.2. Input-output Optimisation Model (IOM) Approach 

Input-output (I-O) analysis is a quantitative methodology for modelling systems 

consisting of interdependent components.  It provides an elegant mathematical framework for 

describing the interactions of the system components using a system of linear equations, 

outlined in the classic textbook by Miller and Blair (2009).  Although initially developed for 

economic analysis purposes (1936), the I-O framework has been extended to various systems 

that are characterised by high levels of internal connectivity such as industrial networks 
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(Duchin, 1992), hospital management (Correa and Parker, 2005), chemical supply chains 

(Ukidwe and Bakshi, 2008), food (Egilmez et al., 2014), paper (Bösch et al., 2015), and 

manufacturing (2017) industries. 

Based on the general I-O methodology, process synthesis and optimisation tool known 

as the I-O optimisation model (IOM) was then developed.  Luptáčik and Böhm (1994) first 

introduced the IOM to minimise the production costs and pollution of the nation.  Du Jing and 

Chun-you (2007) then used the approach to synthesise a CHP system network, supplying 

sufficient heat and electricity to the neighbouring processes in an EIP.  Based on the same 

methodology, water networks have been optimised to reduce the total freshwater required in 

an EIP (Aviso et al., 2010).  The work is then extended by Tan et al. (2011), where water 

regeneration and redistribution via a centralised hub is considered.  Subsequently, Tan et al. 

(2012) presented an IOM that reflects the production and consumption of bioenergy, 

considering the trading of biomass resources among different regions.  Besides chemical 

processes, the IOM approach has also been applied in the national export structure (Mu and 

Yang, 2014), forestry (Long et al., 2013), and construction industries (Han, 2015).  Recently, 

the IOM approach was extended to optimise the allocation of scarce labour resources within a 

business enterprise or organisation to ensure minimal loss of services delivered (Aviso et al., 

2018). 

 

2.3.1.3.3. Fuzzy Optimisation Approach 

Typically, the optimal solution for process design is determined based on single-

optimisation objective, subject to a set of constraints defined.  In most cases, single-objective 

optimisation is practised, where the objective function is exclusively formulated for a single 

criterion such as economic performance (Zimmermann, 1975).  However, this is not sufficient 
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as the real-world synthesis problems often consider multiple conflicting objectives such as 

economic, environmental, and social aspects (Zimmermann, 1978; Grossmann and Guillén-

Gosálbez, 2010).  Hence, a multi-objective optimisation tool is developed. 

Fuzzy set theory was first introduced to represent different objective function targeted 

(Bellman and Zadeh, 2008; Zadeh, 1965), expressed as a simple number between zero and one 

(Kau Lim and Seng Chan, 2012).  The highest value of each objective function is defined as 

the upper bound (ObjU) in the fuzzy range and vice versa.  The fuzzy range is assumed to be a 

linear membership function (Ng et al., 2013b).  Based on that methodology, the fuzzy 

optimisation approach is then developed to simultaneously satisfy multiple objectives functions 

by assuming a symmetric relationship (Zimmermann, 1975).  Such an approach allows the 

trade-offs among various objective functions while considering the inherent fuzziness within 

the system (Kim et al., 2000).  In the event where targeted objective (obj) is maximised (Figure 

2.9 (a)), the degree of satisfaction (λ) approaches one as obj approaches ObjU and zero as it 

approaches the lower bound (ObjL).  Meanwhile, λ approaches zero as obj approaches ObjL, 

and vice versa, as shown in Figure 2.9 (b).  Several objective functions are then combined into 

a single parameter, λ to determine an “optimal” compromise solution by maximising the least 

satisfied fuzzy constraint.  In that respect, it is also recognised as a “max-min” aggregation 

model (Zimmermann, 1975).  Some of the recent publications on fuzzy optimisation approach 

are listed in Table 2.6. 

 

Table 2.6. Recent publications on fuzzy optimisation approach. 

Year Authors Field/ industry Objectives 

(2003) Kahraman et al. Facility location selection PC, I, QL, FTZ, CA 

(2010), 

(2011) 

Aviso et al., 

Tan et al. 
Water networks 

Freshwater consumption, 

treatment cost, subsidy fraction 

(2012) Ubando et al. Integrated algal biorefinery WF, LF, CF 
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Table 2.6 (cont’). Recent publications on fuzzy optimisation approach. 

Year Authors Field/ industry Objectives 

(2015) 
Balaman and 

Selim 

Anaerobic digestion-based 

bioenergy supply chain 
PP, GP, unused waste biomass 

(2015) Taskhiri et al. Bioenergy networks PP, bioenergy production 

(2015) Ng et al. CAMD 
Affinity, mobility, retention, 

toxicity 

(2016) Tan et al. Aluminium-based EIP 
Water resource availability, 

aluminium productions 

(2017) Ubando et al. Polygeneration system GP, TAC 

(2018) Aviso et al. Human resources Workforce output 

(2018) Aviso and Tan 
Cogeneration and trigeneration 

systems 
GP, utility products 

- Abbreviations: Competitive advantage (CA), Carbon footprint (CF), Free trade zones (FTZ), Gross 

profit (GP), Infrastructure (I), Land footprint (LF), Total annualised cost (TAC), Proximity to 

customers (PC), Payback period (PP), Quality of labour (QL), Water footprint (WF). 

 

 

(a) 

 

(b) 

Figure 2.8. Fuzzy degree of satisfaction (λ) for (a) maximisation, (b) minimisation cases. 
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2.3.1.3.4. Multi-period Optimisation Approach 

Apart from economic, social, and environmental considerations, operational 

uncertainties induce a substantial impact during process synthesis and optimisation.  The 

performance of a system would deviate significantly from the optimal solution if uncertainties 

were not considered in the synthesis and optimisation stages.  Typically, uncertainties in an 

industry can be divided into two types, which are short and long terms.  Short term uncertainties 

include failure in equipment and variation in operational (Subrahmanyam et al., 1994), while 

long term uncertainties include fluctuation in product demand, raw materials supply, and costs 

(Mcmanus and Hastings, 2005).  In order to address such issues, uncertain variables are 

discretised into multiple intervals; each interval represents a scenario with an approximated 

distribution (Halemane and Grossmann, 1983).  A unique solution that is feasible for each 

anticipated scenario can then be generated via the multi-period optimisation approach (Iyer and 

Grossmann, 1998; Van Den Heever and Grossmann, 1999).  It allows practitioners to provide 

a robust solution without knowing the functional form of the distribution of each uncertainty 

(Woodruff and Dimitrov, 2018). 

Several studies were conducted in the past with the multi-period optimisation approach 

to consider different uncertainties.  For instance, Marechal and Kalitventzeff (2003) 

synthesised a robust CHP system to satisfy different profiles of electricity and heating energy 

demand on a site.  Neiro and Pinto (2005) considered different product prices and demand for 

production planning in petroleum refineries.  Seasonal variation in products and raw materials 

inventories, product demands, and raw materials supply are also considered in the design of 

batch processes (Moreno et al., 2007).  Subsequently, Fazlollahi and Maréchal (2013) designed 

a poly-generation system based on the matching of energy supply and demand.  Andiappan et 
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al. (2014) also performed a study on multi-period optimisation approach, subject to seasonal 

variation in the synthesis of biomass trigeneration system configuration. 

 

2.3.2. Process Analysis 

Process analysis is the dissection of a process synthesised to study the inputs, outputs, 

and operations taking place during each phase.  Not only does this provide a better 

understanding of how the process operates, but process analysis also pinpoints the potential 

gaps for improvement and optimisation within that process.  Over the years, the fundamentals 

of process analysis have been incorporated in a wide range of activities, ranging from 

engineering (Kohonen et al., 1996; Gregory, 2007) to business (Biazzo, 2000; Vergidis et al., 

2008) standpoints.  Numerous mathematical programming and computer-aided tools have been 

developed to improve the efficiency and accuracy in the analysis process (Cameron and Hangos, 

2001). 

 

2.3.2.1. Life Cycle Assessment (LCA) 

Life cycle assessment (LCA), also known as life cycle analysis is a well-recognised and 

reliable tool to evaluate the potential environmental impacts throughout a product's or process’ 

life cycle, from raw materials acquisition to waste management (SETAC, 2008; Finnveden et 

al., 2009; Subramaniam et al., 2010).  The analysis is conducted ‘from cradle-to-grave’, 

providing opportunities for improvement in environmental performance, strategic planning, 

and priority setting throughout the life cycle of a product or process (Klöpffer, 2003).  In 

general, LCA consists of four phases, namely the i) goal and scope definition, ii) inventory 

analysis, iii) impact assessment, and iv) interpretation phase (ISO, 2006a).  The first scientific 

publication on LCA emerged during the 1990s to evaluate different environmental aspects over 
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the life cycle of a product, followed by an assessment on the reliability and validity of results 

obtained (Guinée et al., 1993a, 1993b).  Since then, the interest in LCA has proliferated with 

textbooks (Baumann and Tillman, 2004; Wenzel et al., 1997), guidelines (Guinée, 2002) and 

international standards (ISO, 2006a; 2006b) produced in the field.  Table 2.7 summarises the 

applications of LCA for a different product or process life cycle, and their corresponding 

environmental indicators assessed. 

 

Table 2.7. Applications of LCA in different product or process life cycles. 

Year Authors Field/ industry Indicators 

(2008) Tan et al. 

Carbon capture, utilisation, and storage 

(CCUS), and biofuel-based 

transportation network 

GWP, AP, CF, LF 

(2009) Pfister et al. Water network WSI 

(2012) Chaabane et al. Aluminium production supply chain CF 

(2014) Huttunen et al. Biogas production CF 

(2015) Zaimes and Khanna Microalgal biofuels production CF, WF, ERI 

(2015) Khoo Bioethanol production LF 

(2017) Clune et al. Food industry GWP 

(2017) Ripa et al. Municipal solid waste management 
GWP, AP, EUP, HTP, 

POFP, TEP, MDP, FDP 

(2018) Goglio et al. Crop production GWP 

- Abbreviations: Acidification potential (AP), Carbon footprint (CF), Eutrophication potential (EUP), 

Energy return on investment (ERI), Fossil depletion potential (FDP), Global warming potential 

(GWP), Gross Profit (GP), Human toxicity potential (HTP), Land footprint (LF), Metal depletion 

potential (MDP), Photochemical oxidant formation potential (POFP), Terrestrial ecotoxicity 

potential (TEP), Water footprint (WF), Water stress index (WSI). 

 

Even though a comprehensive study is performed on various environmental aspects, 

the economic aspect is yet to be considered in LCA (Emblemsvag, 2001).  Therefore, the 

economic counterpart of LCA, known as life cycle costing (LCC) is proposed to trade-off 

between economic and environmental performance throughout a product or process life cycle 

(Asiedu and Gu, 1998; Norris, 2001).  Environmental indicators determined in LCA are 
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monetised and accounted for estimating the actual costs of a life cycle (Klöpffer, 2003; Luo et 

al., 2009; Swarr et al., 2011).  Detailed information and applications of LCC could be found in 

the review papers published in the field (Schmidt, 2003; Steen, 2005; Korpi and Ala‐Risku, 

2008; Hoogmartens et al., 2014). 

 

2.3.2.2. Pareto-Optimal Front Analysis 

As discussed earlier, the fuzzy optimisation approach assumes a symmetric relationship 

between multiple objectives functions to achieve an “optimal” compromise solution.  However, 

real-world problems usually associated with different objectives which often compete and 

conflict among themselves (Zitzler and Thiele, 1999; Behnamian et al., 2009).  For instance, 

additional costs and investments are required to enhance the environment and social aspects of 

a system in most cases (Burritt, 2004; Epstein et al., 2018).  It is complicated to judge the 

superiority of an objective among others if preference information such as objectives ranking 

is not provided (Zitzler and Thiele, 1999).  As a result, there should not be a single optimal 

solution, but rather a set of alternative solutions which are equally good from the perspective 

of the given objectives.  These set of optimal solutions are known as pareto set (Zitzler and 

Thiele, 1999; Behnamian et al., 2009; Wang and Rangaiah, 2016).  Following that, the pareto-

optimal front analysis is introduced to explore the design space for pareto-optimal solutions 

and aid the decision-making process in delivering a satisfactory final design (Zitzler and Thiele, 

1999; Deb et al., 2005).  In the process, a large set of pareto-optimal solutions is first 

determined via optimisation tools discussed in the previous sub-section (Mostaghim and Teich, 

2004).  The concept is illustrated in Figure 2.10.  A solution is classified as non-dominated 

optimal solutions or pareto front when a certain obj is not dominated by any other obj.  In other 

words, this set of solutions cannot be further improved (i.e., maximised or minimised) without 

degrading another obj (Goel et al., 2007). 
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Figure 2.9. Pareto-front for a two-objective problem. 

 

2.3.2.3. Analytic Hierarchy Process (AHP) 

Even though a set of non-dominated optimal solutions is obtained from the pareto-

optimal front analysis, the bargaining process is still needed to make the best decision among 

multiple alternatives.  Such process rises a conflict of interest due to the subjective opinions 

from different decision-makers, especially when the problem involves numerous stakeholders.  

In order to overcome this issue, a pairwise comparisons technique known as the analytic 

hierarchy process (AHP) is introduced (Saaty, 1977).  Complex problems are first organised in 

a multilevel hierarchic structure based on objectives, criteria, sub-criteria, and alternatives 

(Saaty, 1990; Sipahi and Timor, 2010; Subramanian and Ramanathan, 2012).  Insights from a 

small group of respondents with sufficient expertise are then collected, usually in the form of 

questionnaire to derive an overall ratio scale of priorities (Cheng and Li, 2001).  The decision-

makers can then assess the order of magnitude of different issues in each level, delivering a 
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rational and fair judgement.  In the same vein, some researchers have also attempted to 

incorporate fuzzy set theory with AHP to handle the inherent uncertainties and imprecision of 

the pairwise comparison process (Deng, 1999; Promentilla et al., 2015).  Table 2.8 summarises 

the applications of AHP in various fields over the past few years. 

 

Table 2.8. Applications of AHP in various fields. 

Year Authors Field/ industry Specific problems 

(2001) Cheng and Li Business 
Establishing and prioritising key 

measures 

(2007) Konidari and Mavrakis Policy mitigation Climate change mitigation evaluation 

(2009; 

2011) 

Wang et al.; 

Mirhedayatian and Saen 
Higher education 

University president evaluation and 

selection 

(2013) Rezaei and Ortt Food industry Supplier evaluation and selection 

(2014) Deng et al. Biogas industry Ranking of biogas utilisation 

(2014; 

2018) 

Tan et al.; 

Promentilla et al. 
Green processes 

Technological prioritisation and 

selection 

(2014) Validi et al. Logistics 
Distribution evaluation and 

optimisation 

(2015) Promentilla et al. Renewable energy 
Technological prioritisation and 

selection 

(2017, 

2018) 
How and Lam Biomass supply chain 

Sustainability evaluation and 

optimisation 

(2017) Tapia et al. CCUS Site evaluation and screening 

(2018) Ooi et al. CAMD Solvent design and evaluation 

(2019) Deng and Deng Information Data credibility and ranking 

 

2.3.2.4. Feasible Operating Range Analysis (FORA). 

A rule-of-thumb in process synthesis is to assume a steady-state operation before 

considering other operational factors such as financial, physical, and human resources (Yu-Lee, 

2002).  The ability to perform satisfactorily under conditions apart from the nominal design 

conditions is defined as operability of a process designed (Grossmann and Morari, 1983).  In 

the industry, most processes are often built with an excess capacity, based on the engineers’ 
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experience to ensure higher flexibility (Kittrell and Watson, 1966; Sharifzadeh, 2013) and 

lower processing costs (i.e., labour, service, and maintenance costs) (Azman, 2014).  Such 

practice allows a higher process operability for a broader range of operating conditions.  

However, such an over-design can be expensive and  impractical sometimes to handle the 

actual process needs (Lai and Hui, 2009).  The impact of oversizing is seen during the lean 

production seasons when the utilisation or economic performance falls out of the feasible range 

designated.  In this respect, Andiappan et al. (2017) proposed a novel feasible operating range 

analysis (FORA) to examine the real-time feasible operating range of a process in graphical 

means. 

The methodology of FORA was adopted and extended from Lai and Hui (2009), in 

which the feasibility and flexibility of a pre-designed tri-generation system were determined.  

FORA allows the range output (i.e., maximum and minimum of each output) of a process to be 

determined, considering material input and capacity constraints of individual unit operations.  

Such information enables designers to recognise the true operating potential of a process and 

utilise it to evaluate its performance for an intended season (Svensson et al., 2015).  Besides, 

near-optimal targets for process units can also be set well ahead of their detailed sizing (Dimian 

et al., 2014a).  Note, however, that the proposed approach only considers multiple operational 

steady-states, and not liable for process dynamics. 

Through FORA, operational performance could be measured in terms of utilisation (UI) 

and flexibility indexes (FI).  UI is the ratio of capacity utilised over the total capacity available 

in the entire process (Siddiqi and Glass, 1981; Malakrong et al., 2017).  Meanwhile, the ratio 

of unutilised capacity over the total capacity available is given as FI (Grossmann et al., 1983).  

Both UI and FI range from zero to one.  In the event where UI equals to zero, the process is 

not operated while UI equals to one indicates that the process is running at 100% of the 
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processing capacity installed (Malakrong et al., 2017).  On the other hand, zero in FI represents 

that the process has no flexibility in its operation and vice versa (Swaney and Grossmann, 

1985a, 1985b).  That is to say when UI and FI equal to 1 and 0, respectively, the process is 

likely to fail or reduce in profitability if there is any change in operating parameters 

(Grossmann et al., 1983; Sharifzadeh, 2013). 

Besides addressing the operability, process bottlenecks could also be identified via 

FORA.  Process bottleneck occurs when a processing unit reaches its capacity limit, affecting 

the capability of the entire process to operate at new conditions (Andiappan et al., 2017).  

Typically, process bottleneck occurs when a process undergoes yield alterations, throughput 

increment, input or raw materials limitation, specification modifications, or more stringent 

emission limits (Schneider, 1997; Tan et al., 2012).  Depending on the nature of bottleneck 

identified, different debottlenecking or retrofitting strategies can be implemented to meet the 

new constraints (Andiappan et al., 2017).  These strategies include; (i) adjusting operating 

conditions (e.g., pressure, temperature, efficiency), (ii) ensuring adequate supply of energy, (iii) 

purchasing more input or raw materials externally (Worrell and Biermans, 2005), (iv) process 

intensification (Ponce-Ortega et al., 2012a), and (v) purchasing additional equipment to 

increase the overall system capacity (Kasivisvanathan et al., 2014), and (vi) altering equipment 

throughputs and specifications (Enríquez-Gutiérrez et al., 2015).  Economic evaluation based 

on the benefit-cost ratio (BCR) can then be applied to evaluate the most profitable course of 

action.  Andiappan et al. (2017) also suggested the design operability and retrofit analysis 

(DORA) to assess the impact of inoperability of individual process units towards process 

flexibility. 

 



Chapter 2 

54 

2.4. Process Systems Engineering for Oil Palm Industry 

This chapter has reviewed the three areas in OPVC, followed by systematic approaches 

used to synthesise, optimise, and analyse processes in the field of PSE.  In 2013, Ng and Ng 

(2013) had reviewed the applications, challenges, and prospects of PSE in the palm-based 

biomass processing industry.  In the final part of the review paper, the authors concluded that 

the implementation of PSE on palm-based biomass processing industry possesses the abundant 

potential for future perspectives.  In that respect, this thesis aims to develop novel systematic 

models for optimal planning and analysis of the entire OPVC through PSE approaches.  The 

key objectives in this work are to create a value chain framework for the oil palm industry to 

improve profitability and at the same time, minimise the negative environmental impacts.  

Besides, a streamlined value chain framework may address the issues of slow development for 

the sustainable oil palm industry, aligned with the goals set by the Roundtable on Sustainable 

Palm Oil (RSPO).  The idea behind this is to eliminate the need for expansion or conversion of 

peatlands and rainforests into OPP, which leads to the destruction of the natural ecosystem and 

GHG emissions.  In addition, the efficiency of the current processing facilities in the oil palm 

industry is improved to fulfil the increasing demand for palm products, while reducing or 

maintaining the input materials required.  Multiple processing facilities are then integrated to 

form an OPIS coalition to generate additional value and satisfy the demands for energy in the 

industry.  Furthermore, a proper supply chain management (SCM) is developed to ensure the 

supply chain efficiency by considering the demand and availability of raw materials in the oil 

palm industry. 

Over the past two decades, numerous studies have been reported in the literature to 

develop and apply PSE tools in different areas in the oil palm industry, as shown in Table 2.9. 
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Table 2.9. Applications of PSE tools in the oil palm industry. 

Year Authors Areas in OPVC PSE tools Specific problems 

(2006) 
Dansagoonpon and 

Tripathi 

Oil palm 

plantation 
AHP Factor ranking and weighting of site suitability 

(2010) Vijaya et al. 
Oil palm 

processing 
LCA Environmental evaluation for CPKO productions 

(2011) Choo et al. 
Oil palm supply 

chain 
LCA GHG emissions by different subsystems 

(2012) Kasivisvanathan et al. 
Oil palm 

processing 

Superstructure approach, fuzzy 

optimisation 

Retrofitting and integrating POM into PBB system to trade-off 

between environmental and economic objectives 

(2012) Ng et al. 
Oil palm 

processing 
Superstructure approach 

Synthesis and optimisation of integrated PBB and CHP 

systems 

(2013) 
Alfonso-Lizarazo et 

al. 

Oil palm supply 

chain 
Superstructure approach 

Implementation of logistics management to consider reverse 

flows 

(2013) Darshini et al. 
Oil palm 

processing 
AHP 

Evaluation and prioritisation of economic and environmental 

objectives among multiple stakeholders 

(2013) Foo et al. 
Oil palm supply 

chain 
Superstructure approach 

Synthesis of EFB allocation networks under multiple biomass 

supply scenarios. 

(2013; 

2013b) 
Ng and Ng; Ng et al. 

Oil palm 

processing 

Superstructure approach, fuzzy 

optimisation 

Synthesis and optimisation of integrated POPC with individual 

interests of multiple owners considered 

(2013a) Ng et al. 
Oil palm 

processing 

Superstructure approach, fuzzy 

optimisation 

Synthesis and optimisation of PBB system based on economic, 

environmental, safety, and social aspects  

(2014, 

2015; 

2016) 

Andiappan et al.; 

Andiappan and Ng 

Oil palm 

processing 
Superstructure approach 

Synthesis and optimisation of palm biomass trigeneration 

system 

(2014) Kasivisvanathan et al. 
Oil palm 

processing 
Hierarchical approach Bottleneck identification and debottlenecking of PBB system 
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Table 2.9 (cont’). Applications of PSE tools in the oil palm industry. 

Year Authors Areas in OPVC PSE tools Specific problems 

(2014) Ng et al. 
Oil palm 

processing 

Superstructure approach, fuzzy 

optimisation 
Planning and synthesis of POIS based on individual interests 

(2014) Ramadhan et al. 
Oil palm 

processing 

Superstructure approach, 

pareto-optimal front analysis, 

fuzzy optimisation 

Optimisation of PBB system based on economic and social 

aspects 

(2016) Andiappan et al. 
Oil palm 

processing 

Hierarchical and superstructure 

approaches 

Integration and optimisation of a POIS coalition based on 

game theory 

(2016, 

2018) 
How et al. 

Oil palm supply 

chain 

Superstructure approach, AHP 

fuzzy optimisation,  

Selection of processing technology and transportation mode, 

followed by the prioritisation and optimisation based on 

economic, social and environmental aspects 

(2016) Kasivisvanathan et al. 
Oil palm 

processing 

Superstructure approach, fuzzy 

optimisation 

Optimisation of PBB system to trade-off between costs and 

flexibility 

(2017) Andiappan et al. 
Oil palm 

processing 
FORA 

Analysis and debottlenecking of palm biomass trigeneration 

system 

(2017) Abdul Razik et al. 
Oil palm supply 

chain 
Superstructure approach 

Selection of processing technology and transportation mode 

for EFB biomass 

(2017) Abdul Talib et al. 
Oil palm 

processing 
AHP Prioritisation of deterioration factors in CPO productions 

(2017) Hambali et al. 
Oil palm 

plantation 
AHP Selection of best FFB quality 

(2017; 

2017) 

Theo et al.; Othman 

et al. 

Oil palm 

processing and 

supply chain 

Superstructure approach, fuzzy 

optimisation 

Synthesis and optimisation of palm biomass and POME 

utilisation systems, followed by the optimisation of bioCNG 

distribution network with individual satisfaction levels 

considered 
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Table 2.9 (cont’).  Applications of PSE tools in the oil palm industry. 

Year Authors Areas in OPVC PSE tools Specific problems 

(2018) Idris et al. 
Oil palm supply 

chain 
Superstructure approach 

Site selection for pre-treatment facilities and optimisation for 

palm biomass co-firing supply chain 

(2018) Tan et al. 
Oil palm 

processing 
IOM approach 

Process debottlenecking and retrofit of palm oil milling 

process 

(2019) Ling et al. 
Oil palm supply 

chain 

Superstructure approach, 

FORA 

Synthesis of palm biomass-based bioelectricity supply chain 

network, followed by the determination of the feasible 

operating range of the network synthesised 

(2019) Rajakal et al. 
Oil palm supply 

chain 
Superstructure approach Optimisation for logistics and croplands expansion 

(2019) Munasinghe et al. 
Oil palm supply 

chain 
LCA 

Economic, social and environmental evaluation for CPO 

productions 

(2019) Tapia and Samsatli 
Oil palm value 

chain 

Superstructure approach, AHP 

fuzzy optimisation 

Synthesis and optimisation of OPVC by considering economic 

and environmental aspects 
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 Scopes and Methodology of 

Research 

 

3.1. Introduction 

In this chapter, research gaps are first determined in Section 3.2. This is followed by 

research scopes of this thesis in Section 3.3. Lastly, a systematic research methodology are 

presented to deliver the research outcomes in Section 3.4. 

 

3.2. Summary of Research Gaps 

Based on the above literature review in Chapter 2, it has been noted that extensive works 

have been performed using PSE in the oil palm industry.  Economic aspect has been considered 

in most studies, while some included environmental and social impacts to promote 

sustainability of the oil palm industry.  Despite the usefulness of the works reviewed in sections, 

several research gaps are noted. 

Most research works discussed earlier focused on the synthesis and optimisation of 

integrated biorefinery, supply chain management, or energy systems in the industry.  However, 

researches on synthesis and optimisation of palm oil milling process and IBWT system are still 

lacking.  Hence, comprehensive systematic approaches are required to address such issues and 

increase the value of resources such as FFB and POME in the industry.  Furthermore, resources 

availability is subject to seasonal change.  In this respect, there is a need for PSE tools to 

develop such systems in the oil palm industry. 
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Besides Andiappan et al. (2017), insufficient systematic approaches were performed to 

study the feasible operating range and debottlenecking of a process developed.  In the event 

where the decision-makers are interested in expanding their productions to achieve a specific 

demand (with or without any constraints), the additional capital investment required and 

feasible operating range has to be determined.  Moreover, a systematic tool is necessary to 

measure the changes in the utilisation and flexibility of the system developed. 

Apart from Ng and co-workers (Ng et al., 2013b), integration of multiple processing 

facilities for the oil palm industry receives insufficient attention.  Different processing facilities 

such as POM, CHP, IBWT, and PBB systems can be integrated to form an OPIS, achieving a 

more significant benefit in terms of economics and environmental impacts.  Such coalition 

induces an interdependency relationship between each processing facility, which affects the 

operation of the symbiosis.  The potential EP and bottlenecking processing facility should be 

predetermined to ensure a feasible operation in the coalition formed. 

Last but not least, in the face of the increasing concern over the sustainability of the oil 

palm industry, limited study apart from Tapia and Samsatli (2019) has been done to optimise 

the entire OPVC and improve its sustainability.  The extensive network structure and 

complexity of OPVC makes the optimisation very difficult to be performed in one go.  

Concerning that, PSE techniques are adapted to synthesise and design a sustainable OPVC by 

considering both economic and environmental aspects for the oil palm industry. 
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3.3. Research Scopes 

All the gaps above serve as a motivation in this research work to address such issues 

by developing systematic approaches to promote a sustainable oil palm value chain (OPVC) 

network.  Hence, this research is organised to develop systematic approaches that considers the 

following scopes and objectives: 

 

3.3.1. Scope 1 

Synthesis and Optimisation of Palm Oil Milling Process with Variations of Feedstock 

Supply 

In Scope 1, a systematic approach is developed to synthesise and optimise a palm oil 

milling process.  Various technological pathways are considered with the selection of design 

capacities based on available sizes in the market is also performed simultaneously.  In addition, 

a multi-period optimisation approach is developed to consider variations in fresh fruit bunch 

(FFB) supply. 

 

3.3.2. Scope 2 

Operational Optimisation and Feasible Operating Range Analysis for Palm Oil Milling 

Process 

Scope 2 extends Scope 1 to consider other operational variables such as operational 

time, labour costs, and equipment utilisations in palm oil milling process synthesised during 

different crop seasons.  A single-process feasibility operating range analysis (FORA) is also 
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performed to study the inherent feasible operating range and bottlenecking technologies for 

POMs of different design capacities. 

 

3.3.3. Scope 3 

Synthesis and Optimisation of Integrated Biogas and Wastewater Treatment System to 

Promote Biogas Utilisation 

The systematic approach developed in Scope 1 is adapted and modified to synthesise a 

robust integrated biogas and wastewater treatment (IBWT) system under the presence and 

absence of power grid connection.  In addition, a sensitivity analysis on certified emission 

reduction (CER) prices and incentives for bio-compressed natural gas (bioCNG) is performed 

to provide comprehensive strategies for biogas utilisation. 

 

3.3.4. Scope 4 

Integration and Feasible Operating Range Analysis of Oil Palm-Based Industrial 

Symbiosis 

In Scope 4, an IOM is developed to integrate various processing facilities to form an 

oil palm-based industrial symbiosis (OPIS) coalition.  Multiple-processes FORA is presented 

to obtain the global feasible operation (GF) and the bottlenecking process in such a coalition.  

Prediction on the changes in economic performance, EP generated from individual processing 

facility and the entire coalition can be made, based on to the feedstock processed in the near 

future. 
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3.3.5. Scope 5 

Development and Evaluation for Sustainable Oil Palm Value Chain 

In Scope 5, a systematic approach developed to integrate multiple oil palm plantations 

(OPPs) and processing facilities to form an OPVC.  Spatial distribution of each site is 

considered to study and determine the interconnectivity among different sites.  A pareto-

optimal front analysis is also performed to measure the trade-off between collaboration 

reliability index, CRIm and economic performance, EP of the value chain coalition formed. 

 

3.4. Research Methodology 

The proposed research scopes are explored based on a research methodology shown in 

Figure 3.1.  A hierarchical approach involving multilevel optimisation is proposed in which 

the entire value chain is divided into several levels to be optimised individually.  In general, 

the optimisation begins with individual systems or processing facilities in the innermost level 

as presented in the onion model.  It is then followed by the integration of multiple systems or 

processing facilities to produce an industrial symbiosis coalition in the second level.  Lastly, 

the entire value chain is integrated and optimised in the third or outermost level.  As such, the 

enormous and complex network structure of the OPVC can be decomposed and optimised 

without losing much accuracy.  A detailed research methodology for multilevel optimisation 

of OPVC presented in this thesis is summarised in Figure 3.2. 
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Figure 3.1. General research methodology for multilevel optimisation of value chain. 

 

Firstly, a comprehensive study on the oil palm industry (i.e., plantation, processing, and 

supply chain) to obtain information such as materials flow, conversion, products output, costs, 

and operation data for every system and processes in the field.  Next, various process systems 

engineering (PSE) approaches available from the literature are reviewed, followed by the 

approaches developed and applied in the oil palm industry to determine the research gaps.  

Subsequently, the research scopes are defined, and the research methodology used to cover the 

scopes listed in Section 3.1 are presented.  Each research scope is addressed individually in 

different chapters.  As shown in Figure 3.2, Chapters 4, 5, and 6 fall in the first level of the 

multilevel optimisation approach where individual systems or processing facilities such as oil 

palm oil mill (POM) and integrated biogas and wastewater treatment (IBWT) system are 

optimised separately.  
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Figure 3.2. Detailed research methodology for multilevel optimisation of OPVC.  
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In Chapter 4, a generic superstructure-based approach consists of various technological 

pathways is presented to synthesise and optimise the palm oil milling process.  In this work, 

multi-period optimisation is incorporated to consider the variation in fresh fruit bunch (FFB) 

supply availability.  A 60 t FFB/h POM case study is solved to illustrate the approach presented.  

Following that, the economic feasibility of POM design synthesised is determined based on the 

changes in feedstocks and products price. 

Chapter 4 is the extended in Chapter 5 to consider the operations and feasible operating 

range of the milling process synthesised.  An IOM is developed for the POM synthesised by 

considering other operational variables such as operational time, labour costs, and equipment 

utilisations for each crop seasons.  Single process feasibility operating range analysis (FORA) 

is presented to study the inherent feasible operating range (i.e., range of product output a 

process can deliver without experiencing disruption) of the milling process synthesised.  Such 

analysis allows stakeholders to recognise the true potential of the process and its corresponding 

capital investment required.  Besides, the bottleneck technology of each design capacity and 

the incremental benefit-cost ratio, BCR can be determined. 

In Chapter 6, the generic superstructure-based approach proposed in Chapter 4 is 

adapted and modified for the synthesis and optimisation of an IBWT system, facilitating the 

POM designed previously.  In order to illustrate the proposed approach, two case studies with 

and without power grid connections are presented and solved.  The economic feasibility of 

optimal IBWT systems developed in both case studies are determined, followed by a sensitivity 

analysis on different parameters such as certified emission reduction (CER) prices and 

incentives for bio-compressed natural gas (bioCNG).  Such a study provides a better 

understanding and comprehensive strategies to promote biogas utilisation in the oil palm 

industry. 
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In the second level of the multilevel optimisation approach, multiple processing 

facilities are integrated to produce an industrial symbiosis coalition.  Chapter 7 presents an 

IOM to integrate various processing facilities to form an oil palm-based industrial symbiosis 

(OPIS) coalition.  The benefits, such as economic performance, EP and reduction in GHG 

emissions achieved, are evaluated.  Multiple processes FORA is presented to obtain the global 

feasible operation (GF) and the bottleneck process in such a coalition.  It allows the changes in 

EP of the OPIS coalition and individual processing facility to be predicted, based on to the 

feedstock processed.  The developed approach is illustrated with an OPIS case study consists 

of multiple processing facilities (i.e., POM, CHP, PBB, and IBWT systems). 

In the third level of the multilevel optimisation approach, integration and optimisation 

of the entire value chain are performed.  Chapter 8 presents a novel systematic approach to 

integrate and optimise a value chain.  The proposed method consists of an IOM incorporated 

with superstructure model to consider spatial distribution and interconnectivity among different 

systems or processes.  Following that, a pareto-optimal front for the collaboration reliability 

index, CRIm against the economic performance of OPVC, EPOPVC is plotted.  A fuzzy 

optimisation approach is then utilised to trade-off between CRIm and EPOPVC within the value 

chain.  In order to demonstrate the proposed method, a case study on OPVC in Johor state is 

solved. 
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 Synthesis and Optimisation of Palm 

Oil Milling Process with Variations 

of Feedstock Supply 

 

4.1. Introduction 

In the previous chapter, the oil palm plantation (OPP) is optimised to ensure an adequate 

and continuous supply of fresh fruit bunch (FFB) for crude palm oil (CPO) productions in palm 

oil mill (POM).  It is noted that many different technologies can be used to improve the 

efficiency of POM.  The variety of established technologies available in the market causes the 

synthesis of an optimal POM configuration to be highly complicated.  Besides, oil is trapped 

and unrecovered in biomass, sludge, and palm oil mill effluent (POME) throughout the milling 

process, and it has not been reported.  Therefore, oil lost along the milling process is a critical 

issue in POM.  Technologies such as empty fruit bunch (EFB) pressing and three-phase 

decanter have been introduced in the market to recover oil lost and improve oil extraction 

efficiency.  However, most technology providers only focused on individual equipment or 

process.  None of them is reviewing and optimising the entire milling process, which is the 

subject of this chapter.  Besides, such technologies come with additional capital investment 

and operating costs.  Furthermore, the fresh harvested FFB must be processed as soon as 

possible in POM to avoid increment of FFA compound in the oil, which affects the quality of 

the oil.  Therefore, the operation of POM is mainly scheduled based on the availability of 

feedstock. 

In this chapter, a systematic approach for flowsheet synthesis and optimisation of palm 

oil milling process is developed.  Such approach allows a trade-off analysis between increments 
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in oil yield and costs to be performed simultaneously, achieving a higher economic 

performance, EP in the milling process.  Besides, multi-period optimisation is used to address 

the variation in raw material availability for a robust POM design, ensuring a continuous and 

uninterrupted operations under different crop seasons. 

 

4.2. Problem Statement 

A simplified generic representation of the model is shown in Figure 4.1, and the 

synthesis problem addressed is stated as follows.  The feedstock i ϵ I with a given flowrate of 

Fi can be converted to intermediate product p ϵ P through intermediate technology j ϵ J.  

Intermediate product p can then be further converted to final product p′ ϵ P′ via secondary 

technology j′ ϵ J′.  By-products are represented as a form of intermediate product p or final 

product p′ in the model.  The oil content of feedstock i, intermediate product p, and final product 

p′ are defined as Oi, Op and Op’ respectively.  Note that primary technology j and secondary 

technology j′ may have more than one inlet and outlet stream, allowing every stream to merge 

or split, depending on constraints set on the model.  Besides, intermediate product p can also 

be taken as final product p’ if it could be sold directly.  The mass conversion (X), oil loss (L) 

and oil recovery (R) of primary technology j from feedstock i and secondary technology j’ from 

intermediate product p are specified as Xijp, Xpj’p’, Lijp, Lpj’p’ Rijp and Rpj’p’ respectively.  

Meanwhile, utility consumption and electricity consumption for the process are defined as Uiju 

and Yije for primary technology j, while Upj’u and Ypj’e for secondary technology j′, respectively. 
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Figure 4.1. A generic representation of superstructure. 

 

In this work, the objective is to develop a systematic approach to generate an optimal and 

robust POM configuration with maximum EP.  The material flow in every technologies j ϵ J 

and j′ ϵ J′ will be traced accordingly.  At the same time, multiple fruit supply season, s ϵ S has 

been considered.  Usually, the available equipment in the market has a fixed design capacity 

of technology j ( DesignFj
) and j′ ( Design

'Fj
).  Therefore, the proposed approach will determine the 

number of units required for technologies j and j′ selected, represented by zj and zj’ respectively.  

The total capital cost, CAPEX and total operating cost, OPEX can be calculated from the capital 

cost based on the selected primary technology j and secondary technology j′ (CCj, CCj’, OCj 

and OCj’).  The abovementioned optimisation model is then solved via multi-period 

optimisation whereby each season s is assigned a fraction of occurrence, αs. 

 

4.3. Mathematical Optimisation Formulation 

The generic superstructure of a milling process is shown in Figure 4.1.  Based on the 

figure given, a detailed formulation of the proposed optimisation model is discussed in the 

following sub-sections. Note that italic mathematical notations represent variables in the model 

while non-italic notations are fixed parameters. 

Feedstock i

i = 1

i = 2

i = I

Primary 

technology j

j = 1

j = 2

j = J

Intermediate

product p

p = 1

p = 2

p = P

Secondary 

technology j 

j' = 1

j' = 2

j' = J'

Final 

Product p 

p' = 1

p' = 2

p' = P'
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4.3.1. Material Balance 

The feedstock i supply varies from time to time due to the changes in season throughout 

a year, resulting uncertainties in the synthesis of an optimum POM structure.  As mentioned 

above, a robust POM configuration to coupe up with the potential changes must be achieved 

to ensure the operational stability of the mill.  Multiple seasons were taken into consideration 

based on the variation in feed supply as well as variation in feed and final product price. 

Eq. 4.1 shows the component balance for feedstock i where Fi represents the flowrate 

of feedstock i which may be sent to potential primary technology j with a flowrate of Fij 

( )
J

1

F F
=

 
=  
 
i j ijs
j s

B  ∀i, ∀s (4.1) 

where Bj represents a binary variable denoting the existence of primary technology j.  The index 

s represents the season in which a given feedstock i would vary.  Meanwhile, the oil content of 

feedstock i (Oi) is calculated using Eq. 4.2 

( ) ( )O FOP=i i is s
 ∀i, ∀s (4.2) 

where OPi is the oil percentage of feedstock i.  In primary technology j, feedstock i is converted 

to intermediate product p with conversion Xijp.  The flowrate of intermediate product p (Fp) for 

all primary technologies j is given in Eq. 4.3. 

( )
I J

1 1

F X
= =

 
=  
 
p j ij ijps
i j s

F B  ∀p, ∀s (4.3) 

Next, intermediate product p can be distributed to secondary technology j′ for further 

processing to produce final product p′. The component balance for intermediate product p is 

shown in Eq. 4.4 where Fp may be sent to secondary technology j’ with a flowrate of Fpj’ 
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( )
J'

'

' 1

F
=

 
=  
 
p j pjs
j s

F B  ∀p, ∀s (4.4) 

where Bj’ represents a binary variable denoting the existence of secondary technology j’.  

Secondary technology j’ then converts the intermediate product p to final product p′ with 

conversion Xpj’p’.  The flowrate of final product p’ (Fp’) to potential secondary technologies j’ 

(Fpj’) is given in Eq. 4.5. 

( )
P J'

' ' ' ' '

' 1 ' 1

F X
= =

 
=  
 
p j pj pj ps
i j s

F B  ∀p′, ∀s (4.5) 

Eqs. 4.6 - 4.7 show the oil content of intermediate product p (Op) and final product p’ 

(Op’), respectively, 

I I J I J

1 1 1 1 1

( ) = O L Rp s i j ij ijp j ij ijp

i i j i j s

O B F B F
= = = = =

 
− + 

 
    ∀p, ∀s (4.6) 

P P J' P J'

' ' ' ' ' ' ' ' '

1 1 ' 1 1 ' 1

( ) = L Rp s p j pj pj p j pj pj p

p p j p j s

O O B F B F
= = = = =

 
− + 

 
    ∀p’, ∀s (4.7) 

where Lijp and Lpj’p’ represent the percentage oil loss, while Rijp and Rpj’p’ represent the oil 

recovery across primary technology j and secondary technology j’.  The oil percentage of 

intermediate product p (OPp) and final product p’ (OPp’) could then be calculated using Eqs. 

4.8 - 4.9. 

( ) 100%
 

=  
 
 

p

p s
p s

O
OP

F
  ∀p, ∀s (4.8) 

( ) '

'

'

100%
 

=  
 
 

p

p s
p s

O
OP

F
 ∀p’, ∀s (4.9) 

Despite that only two stages of conversion technologies shown in Figure 4.1, the 

formulation can easily be expanded repetitively for any number of conversion stages to match 

the case study requirement. 
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4.3.2. Utility Balance 

Utilities u (e.g., steam, electricity, and utility water) are required for material conversion 

in primary technology j and secondary technology j’.  Depending on the technology selected, 

amount and quality of utilities u consumed, varies accordingly.  Total utility u consumption, 

Con

uF  and electricity e consumption 
Con

eE  can be calculated with Eqs. 4.10 - 4.11 

( )
I J P J'

Con

' ' '

1 1 1 ' 1

U Uu j ij iju j pj pj us
i j p j s

F B F B F
= = = =

 
= + 
 
   ∀u, ∀s (4.10) 

( )
I J P J' J J'

Con

' ' ' ' ' '

1 1 1 ' 1 1 ' 1

Y Y Y Ye j ij ije j pj pj e j j je j j j es
i j p j j j s

E B F B F B z B z
= = = = = =

 
= + + + 
 
     ∀e, ∀s (4.11) 

where Uiju and Upj’u are the utility requirement per product formation, Yije and Ypj’e are the 

specified electricity consumption per product formation, Yje and Yj’e are the electricity 

consumption specified per unit operation, while zj and zj’ are the number of equipment unit 

needed for primary technology j and secondary technology j’, respectively.  As shown in Eqs. 

4.12 - 4.13, the equipment units needed, zj and zj’ are determined based on the operating 

capacity 

I
Design

1

( )   Fj s j j ij

j s

z B F
=

 
   

 
  ∀j, ∀s (4.12) 

P
Design

' ' ' '

1

( )   Fj s j j pj

p s

z B F
=

 
   

 
  ∀j’, ∀s (4.13) 

where 
DesignFj  and 

Design

'Fj  represent the design capacities available to be purchased for primary 

technology j and secondary technology j’, respectively.  Both zj and zj’ are positive integers to 

reflect the number of units of technologies j and j′ with given design capacity obtained in the 

literature.  However, the design capacities used can be revised according to current market 

availability to provide an up-to-date result. 
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In this model, it is assumed that due to inevitable losses in transmission and distribution 

of utility and electricity.  Hence, an additional 20% of utility u (
Con

uF ) and electricity e (
Con

eE ) 

consumptions were required.  The total utility and electrical demands (
Demand

uF and 
Demand

eE ) of 

the system synthesised are given in Eqs. 4.14 and 4.15. 

( ) ( )Demand Con1.2=u u
s s

F F  ∀u, ∀s (4.14) 

( ) ( )Demand Con1.2=e e
s s

E E  ∀s (4.15) 

 

4.3.3. Economic Analysis 

The economic performance, EP of the milling process developed is evaluated via Eq. 

4.16 

CRF= − EP GP CAPEX  (4.16) 

where GP, CRF, and CAPEX represents the gross profit, capital recovery factor, and total 

capital costs of the process developed, respectively.  Note that EP shall always be positive and 

higher value indicates a greater interest to invest in the system developed.  In the event where 

EP is a negative value, it means the cost is higher than the revenue, and it is an infeasible design.  

GP is obtained using Eq. 4.17 

P' I U E
Demand Demand

' '

' 1 1 1 1

AOT α C C C C
= = = =

 
=  − − − − 

 
    s p p i i u u e e

s p i u e s

GP F F F E OPEX  (4.17) 

where AOT is the annual operational time, αs is the fraction of occurrence for season s, OPEX 

is the total operating costs, Cp’ is the selling price of final product p’, Ci is the cost of feedstock 

i, while Cu and Ce are the costs of utility and electricity purchased, respectively.  Eq. 4.17 is 

subject to Eq. 4.18 
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α 1= s

s

 (4.18) 

in which the inclusion of αs assessed the GP of POM developed in all s.  Each fraction of 

occurrence represents the time fraction where a season occurs.  The summation of these 

fractions must equal to one as shown in Eq. 4.18 as the time fraction is obtained by dividing 

the duration of a season s with the total period considered. 

The CRF is used to annualise capital costs by converting its present value into a stream 

of equal annual payments over a specified maximum operation lifespan, 
maxt k  

with discount 

rate r.  The CRF is determined via Eq. 4.19. 

max

max

t

t

r (1+r)
CRF=

(1+r) 1−

k

k

 k ϵ j, j’ (4.19) 

Eqs. 4.20 - 4.21 calculates the CAPEX and OPEX based on the selected primary 

technology j and secondary technology j′, as well as their corresponding equipment unit zj and 

zj’ required 

J J'

' '

1 ' 1 H

CC CC
= =

 
= + 
 
 j j j j

j j

CAPEX z z  (4.20) 

( )
J J'

' '

1 ' 1

OC OC
= =

 
= + 
 
 j j j js
j j s

OPEX z z  ∀s (4.21) 

where OCj and OCj’ are operating costs while CCj and CCj’ are capital costs for technologies j 

and j′, respectively.  Note that CAPEX is calculated based on zj and zj’ during high crop season 

with the highest throughput to obtain the actual investment required for of the system 

developed. 
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4.3.4. Additional Constraints 

Based on Eqs. 4.1 and 4.3, multiple technology j options are given for selection.  In this 

work, only one type of primary technology j will be selected to reduce maintenance and 

operation costs.  Hence, additional constraints Eqs. 4.22 and 4.23 are introduced. 

 0,1jB   ∀j (4.22) 

1
J

1

=













= sj

jB  ∀s (4.23) 

Similarly, multiple technology j’ options are given for selection in Eqs. 4.4 and 4.5.  

The introduction of Eqs. 4.24 and 4.25 specify that only one type of secondary technology j’ 

will be selected. 

 ' 0,1jB   ∀j’ (4.24) 

1
J'

1'

' =













= sj

jB  ∀s (4.25) 

In order to restrict the equipment units required, zj and zj’ for primary technology j and 

secondary technology j′ in each season s, Eqs. 4.26 - 4.27 are added to ensure the technology 

selected for all season s will remain the same. 

H M L
( ) ( ) ( )  

j j j
z z z   ∀j (4.26) 

' H ' M ' L
( ) ( ) ( )  

j j j
z z z   ∀j’ (4.27) 

A case study is presented to illustrate the optimisation approach proposed, based on the 

information from the literature and palm oil industry in Malaysia.  An optimal POM 

configuration is synthesised based on the variation in feedstock availability.  The developed 

MINLP model is solved via LINGO v14, with Global (LINDO Systems Inc., 2016), with an 

Intel® Core™ i5 (2 x 3.20 GHz) with an 8 GB DDR3 RAM desktop unit. 
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4.4. Case Study 

FFB from the OPP is sent to POM to be converted into products such as CPO and palm 

kernel (PK), as well as by-products such as palm kernel shell (PKS), EFB, and POME (see 

Figure 4.2).  In Malaysia, a typical POM has a daily production capacity of 60 t/h FFB, 

operates for 4,350 hours annually.  In this case study, a potential owner in Malaysia is interested 

in optimising its POM to increase EP with maximum oil yield.  As mentioned previously, the 

milling process consists of several unit operations, and there exists a variety of technology in 

the market for each kind of operation.  Thus, it is essential to screen every alternative 

configuration to synthesise an optimal milling process.  The mill is expected to operate for 15 

years.  In this respect, a depreciation rate of 5 to 20% every year in capital invested is 

anticipated, due in particular to wear and tear of machinery purchased.  In this study, a discount 

rate of 5% per annum is assumed.  Note however that the basis used can be revised to 

accommodate for any adjustments in the future. Table 4.1 shows the economic parameters 

considered in this study. 

 

 

Figure 4.2. Material and energy flow in a POM. 



Chapter 4 

77 

Table 4.1. Economic parameters for the case study. 

Maximum operational lifespan, maxt
k

 15 y 

Discount rate, r 5% p.a 

Currency conversion rate 1 US$ = 4 MYR 

 

Changes in natural factors such as rainfall, haze, sunlight, etc. are usually inevitable in 

the plantation.  As a result, FFB quality and availability tend to vary between agricultural 

seasons and species.  Such deviations must be taken into consideration to ensure the robustness 

in the developed POM configuration to deal with the potential changes.  The oil content of FFB 

feedstock, OPi is given in a range between 22 to 25% (MPOB, 2011).  For conservative measure, 

the FFB oil content is assumed as 22% in this work.  Andiappan et al. (2014) showed that the 

production of CPO could be divided into three different seasons, i.e., low, medium, and high.  

Based on national statistics, FFB obtained from the plantation ranges from 1.14 to 1.78 

t/hectare in the year 2017, as shown in Figure 4.3 (MPOB, 2018d).  In this case study, the FFB 

yield lower than 1.45 t/hectare is taken as the low season and that higher than 1.7 t/hectare is 

taken as high season.  Meanwhile, the medium season yield occurs in between 1.45 and 1.7 

t/hectare.  Thus, the fraction of occurrence can be estimated based on the number of months in 

which the FFB yield falls in each season (as shown in Table 4.2).  The fraction of occurrence, 

αs value of 0.25, 0.333, and 0.417 represents a duration of 3, 4 and 5 months correspondingly. 

Table 4.2. αs for FFB processing throughout a year (Andiappan et al., 2014). 

Season Occurrence Fraction of occurrence, αs 

Low < 1.45 t/ha 45 t/h αL = 0.417 

Medium 1.45 - 1.7 t/ha 60 t/h αM = 0.333 

High > 1.7 t/ha 85 t/h αH = 0.25 
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Figure 4.3. FFB yield in Malaysia for 2017 (MPOB, 2018d). 

 

The price of CPO fluctuates throughout the year, depending on the market conditions 

(MPOB, 2018c).  Hence, the prices of the FFB feedstock and palm products are influenced by 

CPO market demand price.  The cost of materials during high and low CPO demands are given 

in Table 4.3 with the mean of both prices as an average price.  Note, however, that utility prices 

may be assumed to stay constant over time (Ng et al., 2013; Ng and Ng, 2013), given in Table 

4.4. 

 

Table 4.3. Changes in material prices under different market demand (MPOB, 2018c). 

Material 
High demand price 

(US$/t) 

Low demand price 

(US$/t) 

Average price 

(US$/t) 

Fresh fruit bunch, FFB 128 113 121 

Crude palm oil, CPO 645 450 548 

Palm kernel, PK 402 375 389 

Pressed empty fruit bunch, PEFB 10 6 8 

Palm kernel shell, PKS 50 40 45 

Palm pressed fibre, PPF 25 20 23 

Decanter cake, DC 45 40 43 
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Table 4.4. Cost of utilities purchased. 

Utility u Unit Price 

Utility Water US$/m3 0.55 

Electricity US$/kWh 0.084 

Medium-pressure steam, MPS US$/t 17 

Low-pressure steam, LPS US$/t 12 

 

All products and by-products are assumed to be sold at the POM.  Hence, transportation 

cost and supply chain issue are not considered in this work.  A superstructure that incorporates 

all available technologies for the palm oil milling process is developed, shown in Figure 4.4.  

A single box presented in the superstructure for primary technology j or secondary technology 

j’ may consist of more than one equipment unit zj and zj’ required due to constant design 

capacity, DesignFj
 and Design

'Fj
 for each technology, as described in Eqs. 4.12 - 4.13.  A 

mathematical model was applied to synthesise and optimise a palm oil milling process for 

quantitative analysis.  A list of technologies considered with design capacity, material 

conversion, utility requirement, oil loss, oil recovery, capital, and operating cost in this case 

study are summarised in the Appendix (Table A.1). 

The case study is solved with the proposed approach, and three scenarios are presented 

in the following sub-sections.  Firstly, the optimisation objective is set to maximise EP of the 

synthesised milling process.  Following that, a robust POM configuration is developed with 

multi-period consideration that considers the variation in feedstock availability concerning 

seasonal change.   
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Figure 4.4. Superstructure for palm oil milling processes. 
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4.4.1. Scenario 1: Single-period Consideration 

In this scenario, a milling process to convert 60 t/h of FFB into CPO is to be synthesised.  

The objective is set to maximise economic performance, EP.  The average material prices 

shown in Table 4.3 are used to evaluate the economic performance of the milling process.  

Meanwhile, utility prices are given in Table 4.4.  The model is optimised using the objective 

in Eq. 4.28, subject to the constraints given in Eqs. 4.1 - 4.27 without seasonal variation.  The 

optimisation problem consists of 297 continuous variables with 52 nonlinear variables, 48 

integer variables, and 285 constraints.  A total of 18 seconds are required to achieve a global 

solution for the model developed. 

Maximise EP (4.28) 

The optimised POM configuration is shown in Figure 4.5.  For comparison purpose, a 

conventional milling process based on current POM design in Malaysia is shown in Figure 4.6.  

Table 4.5 summarised the economic parameters for the flowsheet synthesised as compared to 

the values estimated using data obtained in the industry. 

 

Table 4.5. Economic parameters for single-period consideration. 

Economic Analysis 
Optimal 

configuration 

Conventional 

configuration 
Diff. (%) 

Capital cost, CAPEX (million US$) 8.04 6.80 +18.2 

Operating cost, OPEX (million US$/y) 1.13 1.03 +9.7 

Gross profit, GP (million US$/y) 5.42 3.56 +52.2 

Economic performance, EP (million US$/y) 4.65 2.91 +59.8 

Payback period, PP (y) 1.59 2.06 -22.8 
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Figure 4.5. Optimum POM configuration.  
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Figure 4.6. Conventional POM configuration.
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An increment by 59.8% in EP value for the optimal design (4.65 million US$/y) as 

compared to the conventional configurations (2.91 million US$/y) clearly shows that the 

flowsheet synthesised is the better choice to invest in.  Note, however, that an additional 18.2% 

and 9.7% of capital investment (1.24 million US$) and operating cost (0.1 million US$/y) is 

required for the optimal configuration.  Besides, higher electricity demand (by 11.9%) is 

expected to operate the optimum design (shown in Table 4.6) due to the selection of 

technologies with lower oil loss and higher conversion rate such as tilted steriliser, double 

pressing and rolek nutcracker in the optimal configuration.  Hence, the overall costs for the 

optimum configuration are higher. 

 

Table 4.6. The flowrate of products, by-products, and utilities for single-period 

consideration. 

Material 
Optimal 

configuration 

Conventional 

configuration 
Diff. (%) 

Product 

Crude palm oil, CPO (t/h) 12.4 11.9 +4.2 

Palm kernel, PK (t/h) 4.5 4.2 +7.1 

By-product 

Palm oil mill effluent, POME (t/h) 41.7 44.6 -6.5 

Palm kernel shell, PKS (t/h) 3.5 3.4 +2.9 

Decanter cake, DC (t/h) 3.3 3.2 +3.1 

Palm pressed fibre, PPF (t/h) 9.1 9.0 +1.1 

Empty fruit bunch, EFB (t/h) - 12.5 
-9.6 

Pressed empty fruit bunch, PEFB (t/h) 11.3 - 

Utility demand 

Water (m3/h) 17.8 21.9 -18.7 

Low-pressure steam, LPS (t/h) 20.3 20.2 -0.5 

Electricity (kW) 940 840 +11.9 

Others 

Total oil lost, L (t/h) 0.8 1.3 
-3.9 

Percentage of oil lost (%) 5.9 9.8 
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On the other hand, much higher GP value (5.42 million US$/y) was reported for the 

optimal design as compared to the conventional design (3.56 million US$/y).  As a result, this 

leads to an increment of 52.2% in GP value generated as a higher POM net output is produced.  

As shown, 12.4 t/h of CPO is produced in the optimal configuration.  On the other hand, only 

11.9 t/h of CPO is produced in the conventional configuration, with the same amount of FFB 

feedstock (60 t/h).  Selection of tilted steriliser, double pressing, and EFB screw press 

technologies reduce the oil content in POME, EFB, and PPF by 13.8, 60, and 54.1%, 

respectively (see Table 4.7).  The total oil lost in the entire milling process is reduced by 3.9%, 

increasing the CPO yield by 4.2% in return.  Meanwhile, PK production is raised by 7.1% in 

the optimal configuration (4.5 t/h) with the selection of rolek nutcracker technology as 

compared to the conventional configuration (4.2 t/h). 

 

Table 4.7. Oil content in by-products for single-period consideration. 

Oil content in by-product 
Optimal 

configuration 

Conventional 

configuration 
Diff. (%) 

Palm oil mill effluent, POME (t/h) 0.25 0.29 -13.8 

Decanter cake, DC (t/h) 0.20 0.21 -4.8 

Palm pressed fibre, PPF (t/h) 0.17 0.37 -54.1 

Empty fruit bunch, EFB (t/h) - 0.45 
-60.0 

Pressed empty fruit bunch, PEFB (t/h) 0.18 - 

 

In order to determine the effectiveness of the investment made, the net present value, 

NPVt for both configurations are assessed using Eq. 4.29.  NPVt is then plotted against t in years 

as shown in Figure 4.7 where PP of the investment made is determined when the accumulated 

GP equals to CAPEX (NPVt = 0), considering the r of 5%.  The result shows that a higher NPVt 

is achieved in less than two years for the optimal design with the PP of 1.59 y as compared to 

2.06 y in the conventional design.  It is worth mentioning that 18.7% cut in utility water 

requirement is reported in the optimal design.  In other words, the dependency of POM 
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operation on water supply could be reduced significantly, decreasing the risk of operational 

failure in the event of water shortage during drought season (New Straits Times, 2016).  As 

mentioned earlier, POME is a heavily contaminated wastewater which must be treated before 

being discharged to the watercourse.  Installation of the optimal design reduced the POME 

generated by 6.5%, i.e., to 41.7 t/h (from 44.6 t/h in the conventional design).  In this respect, 

it could also lead to a lower treatment cost as a smaller wastewater treatment plant is needed. 

( )

T

0 1 r=

 
 = −
 + 
t t
t

GP
NPV CAPEX  (4.29) 

 

 

Figure 4.7. NPVt of POM synthesised. 

 

4.4.2. Scenario 2: Multi-period Consideration 

It is desired that the POM be able to handle different FFB feedstock availability, to 

prevent deterioration in FFB feedstock and quality of CPO produced.  In this scenario, the 
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multi-period optimisation approach is incorporated into the model the variation in FFB 

feedstock, as shown in Table 4.2.  The objective remains the same (Eq. 4.28) with the given 

constraints in Eqs. 4.1 - 4.27 by considering seasonal variation.  Similarly, the average material 

prices and fixed utility prices are provided in Tables 4.3, and 4.4 were used.  The model 

formulated for this study consists of 892 continuous variables with 156 nonlinear variables, 

144 integer variables, and 908 constraints.  Due to the increment in model size as compared to 

Scenario 1, the average computational time increases greatly to 10,477 seconds (2.9 hours) in 

order to achieve a global solution. 

The optimum result in this sub-section produced the same POM configuration during 

single-period consideration (as shown in Figure 4.5), and the detailed results are summarised 

in Tables 4.8 – 4.10.  The maximum EP was determined as 4.19 million US$/y with an average 

GP value of 5.32 million US$/y generated (GP value of 3.86, 5.42 and 7.63 million US$/y for 

low, medium and high seasons, respectively).  A total of 11.71 million US$ capital investment 

is required to build the robust POM configuration that can cater for variation in FFB feedstock 

availability, especially during the high crop season.  As a result, longer PP of 2.40 y is required 

as compared to 1.59 y previously (refer to Figure 4.7).  Due to seasonal change in FFB 

availability, CPO will be produced at 9.3, 12.4 and 17.6 t/h, while 3.4, 4.5 and 6.4 t/h of PK 

will be generated during low, medium and high seasons, respectively.  The breakdown for the 

flowrate of by-products and utility demands are presented in Table 4.9 for each season.  Table 

4.10 shows that a total of 31 processing units will be operated during the high season to extract 

CPO from 85 t/h FFB.  However, the number of operating equipment reduces to 24 and 19 

during medium and low seasons correspondingly.  Hence, not all equipment units will be 

utilised throughout the year.  In that case, lesser service and maintenance will be required 

during low and medium seasons, and therefore, a lower OPEX is expected during these two 

seasons as compared to high season. 
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Table 4.8. Economic parameters for multi-period consideration. 

Season Low Medium High Average 

Capital cost, CAPEX (million US$) 7.22 8.04 11.71 - 

Operating cost, OPEX (million US$/y) 1.00 1.12 1.65 1.21 

Gross Profit, GP (million US$/y) 3.86 5.42 7.63 5.32 

Economic Performance, EP (million US$/y) 2.73 4.29 6.50 4.19 

Payback period, PP (y)  2.40 

 

Table 4.9. The flowrate of products, by-products, and utilities for multi-period consideration. 

Material Low season Medium season High season 

Feedstock 

Fresh fruit bunch, FFB (t/h) 45 60 85 

Product 

Crude palm oil, CPO (t/h) 9.3 12.4 17.6 

Palm kernel, PK (t/h) 3.4 4.5 6.4 

By-product 

Palm oil mill effluent, POME (t/h) 31.3 41.7 59.1 

Palm kernel shell, PKS (t/h) 2.7 3.5 5.1 

Decanter cake, DC (t/h) 2.5 3.3 4.7 

Palm pressed fibre, PPF (t/h) 6.7 8.9 12.6 

Pressed empty fruit bunch, PEFB (t/h) 8.5 11.3 15.9 

Utility demand 

Utility water (m3/h) 13.4 17.8 25.3 

Low-pressure steam, LPS (t/h) 15.3 20.3 28.8 

Electricity (kWh) 810 940 1,300 

Others 

Total oil lost, L (t/h) 0.59 0.78 1.10 

Percentage of oil lost (%) 5.91 

 

Table 4.10. Chosen and operated technologies for multi-period consideration. 

Technology selected 
Design 

capacity 
Low season Medium season High season 

Tilted Steriliser 20 t/h 3 3 5 

Rotating Drum 40 t/h 1 2 2 

Steam Injection Digester 20 t/h 2 3 3 

EFB Screw Press 10 t/h 1 2 2 

Double Screw Press 25 t/h 2 2 3 
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Table 4.10 (cont’). Chosen and operated technologies for multi-period consideration. 

Technology selected 
Design 

capacity 
Low season Medium season High season 

Depericarper 10 t/h 2 2 3 

Rolek Nut Cracker 10 t/h 1 2 2 

Four-Stage Winnowing Column 15 t/h 1 1 1 

Vertical Clarifier 10 t/h 2 3 4 

Centrifugal Purifier 10 t/h 2 2 3 

Three-Phase Decanter 20 t/h 2 2 3 

Total Unit 19 24 31 

 

4.5. Summary 

In this chapter, a systematic approach for synthesis and optimisation of the milling 

process is presented.  A developed model simplifies the overall formulation without losing the 

insights for effective design, synthesis, and integration of the process.  Technology selection 

and flowsheet synthesis are performed simultaneously in a systematic manner with the material 

and energy flow for the process presented.  It is shown that the optimal milling process 

developed generates a higher EP as compared to the conventional process practised in the 

industry.  In addition to that, the higher oil yield and lower POME production with fixed FFB 

supply further attract the interest of potential owners to invest in the flowsheet developed.  The 

model also considers seasonal variations in feedstock supply via the multi-period optimisation 

approach to synthesise a robust POM configuration.  It is worth mentioning that the proposed 

approach can also be quickly revised and re-formulated to handle the possible uncertainties 

arising from technologies advancement and market prices in the future. 
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 Operational Optimisation and 

Feasible Operating Range Analysis 

(FORA) for Palm Oil Milling 

Process 

 

5.1. Introduction 

In the previous chapter, a 60 t/h mill is synthesised and optimised to generate maximum 

economic performance, EP from a fixed amount of fresh fruit bunch (FFB).  The multi-period 

optimisation approach is utilised to synthesise a robust palm oil mill (POM) configuration, 

ensuring a continuous milling operation despite the changes in FFB available.  However, other 

operational factors, such as operating time, capacity, utilisation, and flexibility of the POM are 

yet to be considered.  Besides, a proper tool is needed to determine and analyse the feasible 

operating range of the milling process synthesised.  Hence, in this chapter, a combined 

mathematical programming and graphical approach is presented to solve and analyse the 

milling process synthesised in Chapter 4.  The proposed method consists of two main steps: (1) 

developing an input-output optimisation model (IOM) to optimise the milling process by 

considering other operational factors which reduce the total equipment units needed; and (2) 

performing a feasible operating range analysis (FORA) to determine the bottlenecking 

technology and study the changes in operational performance of the mill designed against the 

capital investment required. 
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5.2. Problem Statement 

The problem addressed by the proposed approach is divided into two parts, stated as 

follows.  The palm oil milling processes consist of a set of technology te ϵ TE with 

interchangeable material m ϵ M.  An IOM was first developed, where Am,te is the input and 

output matrix composed of the fixed interaction ratios, am,te between material m and technology 

te.  Different levels of supply of material m are available in each crop season s.  The number 

of equipment units operated, Ute determined from the nominal capacity, CAPte available in the 

market.  Material m and technology te are associated with a given set of material costs, Cm, 

operating costs, OCte, capital costs, CCte and electricity consumptions, Ete, respectively.  In 

the event where total operating time, TOT exceeds the fixed annual operating time, AOT, 

additional overtime cost, OTC and operating costs, OPEX required.  The objective is to 

maximise the economic performance, EP of the POM, as shown in Eq. 5.1. 

Maximise EP (5.1) 

Based on the optimised POM design, the Ute determined is set as the maximum units 

installed, 
max

Ute to identify the technology bottleneck, BTte from the maximum capacity, 

max
CAPte of each technology te.  Next, FORA is then performed to evaluate the developed 

system using utilisation and flexibility indices, UI, and FI, respectively.  The following section 

further explains the approach developed for this chapter. 
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5.3. Model Formulation 

In the proposed approach, an IOM is developed to optimise the palm oil milling process, 

followed by FORA to analyse the developed system.  In the sub-sections below, matrix and 

vector symbols are represented by bold notations. 

 

5.3.1. Input-Output Optimisation Model (IOM) 

It is assumed that a linear correlation for material flows in the milling process is given 

in Eq. 5.2 

( ) ( ),m te te ms s
=A x y  

∀m, ∀te, 

∀s 
(5.2) 

where Am,te is the matrix consists of fixed interaction ratios, am,te for material input and output 

ratios, to and from technology te.  Each row in matrix Am,te corresponds to different material m 

flows, while its column correspond to different technology te.  am,te are expressed in negative 

values for material inputs, positive values for material outputs, or zero if there are no 

interactions between material m and technology te.  xte is the processing capacity vector of 

technology te, in which positive values obtained for technologies operated and zero when it is 

not.  Meanwhile, ym is the flowrate vector of material m (i.e., input or output).  Final and by-

products are indicated with positive values, while process feedstocks are shown with negative 

values and intermediates denoted with zeros.  Note that both xte and ym are expressed in material 

flow rate (t/h) or power generation (kW). 
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In the process, electricity is also being consumed to operate technology te for material 

conversions.  However, electricity demand, 
Demand

eE  of a POM relies on the number of units 

operated for technology, Ute rather than linear correlation, as shown in Eq. 5.3. 

( ) ( )
TE

Demand

,

1

e te e tess
te

E
=

= EU  ∀e, ∀s (5.3) 

Ee,te is a diagonal matrix for electricity consumption specified per unit technology te 

operated.  Vector for the number of units of technology operated, Ute is determined based on 

the inverse of a nominal capacity diagonal matrix, CAPte available in the market (
1−

CAPte ) 

obtained from Eq. 5.4. 

( ) ( ) 1− CAPUte te tes s
x  ∀te, ∀s  (5.4) 

Ute consists of positive integers and the inequality in Eq. 5.4 ensures that the products of Ute 

and CAPte to be greater or equal to xte for the process to operate. 

In the presence of power supply from the grid connection, the system produces and 

utilises electricity generated onsite.  In order to ensure that the process is self-sufficient without 

interruption, an additional constraint, Eq. 5.5 is included whereby the output of electricity 

produced, ye in the process must be greater or equal to the product of total operational time, 

TOT and electricity demand, 
Demand

eE . 

( ) ( )Demand e es s
y TOT E  ∀e, ∀s (5.5) 

Note that the focus of this work is to model the interdependency of each equipment 

with one another in a single system or plant.  For conservative measurement, the power 
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consumption and process efficiency for maximum loading are assumed for each operating 

equipment to prevent underestimation of power demand needed, regardless of the process 

throughput for each equipment.  Every technology unit te is sized based on these conservative 

values to ensure the reliability of the system developed.  As such, every time a piece of 

equipment is selected, a conservative energy consumption value (or maximum) is activated. 

Meanwhile, the economic performance, EP of the process is evaluated based on Eq. 5.6 

CRF= − EP GP CAPEX  (5.6) 

where GP, CRF, and CAPEX represent the gross profit, capital recovery factor, and capital 

costs required, respectively.  In order to ensure that the developed system can sustain itself 

economically, the EP must be greater or equal to zero.  Next, Eq. 5.7 is used to calculate GP 

M

1

α LC
=

 
= − − − 

 
  Cys m m

s m s

GP TOT OPEX OTC  (5.7) 

wherebyαs, Cm, OPEX, OTC, and LC are the fraction of occurrence, costs of material m, total 

operating costs, total overtime costs and labour costs, respectively.  Eq. 5.7 is subject to Eq. 

5.9 

α 1= s

s

 (5.8) 

in which the inclusion of αs assessed the performance of the system developed in all crop season 

s.  TOT is determined by Eq. 5.9 

( ) ( )max  m m ss
y TOT y  ∀m, ∀s (5.9) 
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where 
max

my  is the maximum input (positive value) or output (negative value) of a particular 

material m, depending on the constraint set for each season s.  Eq. 5.9 is subject to Eq. 5.10 

maxAOT αs s

s

TOT  (5.10) 

where AOT
max

 is the maximum annual operating time of the process.  Similarly, Eq. 5.10 is 

subject to Eq. 5.9. 

CRF is used to annualise CAPEX over a specified operation lifespan, 
maxt te  and discount 

rate, r, determined via Eq. 5.11. 

max

max

t

t

r (1+r)
CRF=

(1+r) 1−

te

te

 (5.11) 

CAPEX is calculated based on the maximum units of technology installed during the high crop 

season, 
max

teU  while OPEX depends on the units of technology operated, Ute in the process, as 

shown in Eqs. 5.12 – 5.13. 

TE
max

1=

=U CCte te

te

CAPEX

 

 (5.12) 

( )
TE

1=

= OCUte tes
te

OPEX  ∀s (5.13) 

CCte and OCte represent the capital and operating costs per unit of technology te, expressed in 

diagonal matrixes.  Meanwhile, Eqs. 5.14 - 5.15 determine the OTC and LC required. 

( ) OT wkC n ( AOT)= −ss
OTC TOT  ∀s (5.14) 

lab wk wsLC C n n=  (5.15) 
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where COT and Clab are the specific overtime cost and labour cost; nwk and nws represent the 

number of workers and working shifts per day; AOT is the fixed annual operating time of the 

process. 

 

5.3.2. Feasible Operating Range Analysis (FORA) 

It is worth mentioning that the optimal design obtained using IOM is only optimised 

for a given set of conditions.  When changes arise shortly, it is crucial to have sufficient 

flexibility to cater for such changes.  As such, FORA provide a clear visualisation to avoid the 

system developed from over- or under-designed.  It provides flexibility for the decision-maker 

to decide on the required design flexibility based on how much CAPEX to be invested.  Based 

on the IOM developed previously, FORA is performed to analyse the feasible operating range 

of the POM designed.  The analysis begins by setting the maximum units of technology 

installed, 
max

Ute  as the Ute of the design with the smallest capacity (i.e., during low crop season) 

as given in Eq. 5.16. 

max

L( )=U Ute te  ∀te (5.16) 

The product of 
max

Ute  and CAPte gives the maximum capacity, 
max

CAPte  as shown in Eq. 

5.17 and the inverse matrix, (
max

Ute )−1 is used in Eq. 5.18 to identify the technology bottleneck, 

BTte of the system.  BTte ranges from zero to one where zero indicating that technology te is 

not utilised, while one shows the bottleneck of the entire system in which the capacity of that 

particular technology te is used to its maximum potential. 
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max max
CAP = U CAPte te te

 
 ∀te (5.17) 

( ) ( ) ( )
1

max
−

CAP =x BTte te tes s
 ∀s, ∀te (5.18) 

During FORA, the objective function remains the same (Eq. 5.1), but the material input 

constraint (Eq. 5.9) is deactivated to determine the maximum product output of the system, 

max
ym .  At this point, the technology bottleneck of the system is indicated by BTte equal to one, 

representing that a particular technology has been fully utilised, capping the ym of the entire 

system.  It is assumed that process intensification of the technology bottleneck is not possible 

and additional equipment unit will be needed to increase
max

ym , where BTte serves as an indicator 

to pinpoint the additional technology equipment for purchase or upgrade. 

Following that, the objective function (Eq. 5.1) is modified into Eq. 5.19 to determine 

the minimum output of the system, 
min

ym  while ensuring the system is economically stable to 

sustain its operation (i.e., EP equal to zero).  In the event where minimum EP is required at a 

targeted value, additional constraints may be added to the formulation.  The changes in 
max

ym  

and 
min

ym  are measured for each incremental step in the summation of 
max

Ute  (

TE
max

1=

U te

te

) by one 

equipment unit at a time to determine the feasible operating range of each design. 

Minimise EP (5.19) 

The utilisation index, UI and flexibility index, FI for each incremental unit of 
max

Ute  is 

determined via Eqs. 5.20 - 5.21 to measure the operational performance of the system. 

( )
( )

max
=

m s

s
m

y
UI

y
 ∀s (5.20) 
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( )
( )

( )

( )
( )

max

U

max

min

L

max

 −
=


= 

−
=



m m s

s
m

s

m ms

s
m

y y
FI

y
FI

y y
FI

y

 ∀s (5.21) 

where FIU and FIL are the upper and lower flexibility index of the system.  As a linear 

correlation is assumed in the IOM (Eq. 5.2), the flowrate of a crucial product, ym can be selected 

to represent the entire flowrate vector of material m (ym) which simplifies the analysis process.  

Same goes to 
max

ym  and 
min

ym .  Note that UI and FI range between zero to one.  In the event 

where UI equals to zero, the process is not utilised while UI equals to one indicates that the 

process is operating at 100% of the processing capacity installed.  Meanwhile, zero in FI 

represents that the process has no flexibility in its operation and vice versa.  For a better 

illustration of the proposed FORA, a generic process where 
max

my , 
min

my , UI, and FI are plotted 

against CAPEX is shown in Figure 5.1. 

 

 
(a)  
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(b) 

 

(c) 
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(d) 

Figure 5.1. FORA illustration for (a) a generic process, (b) 
new

my  within the CAPEX
max

 

constraint, (c) 
new

my  exceeding the CAPEX
max

 constraint, and (d) FI
new 

constraints. 

 

Several key features to be highlighted from the analysis are as follows.  Cross and plus 

markers in Figure 5.1 (a) represent 
max

my  and 
min

my of different system design with different 

TE
max

1=

U te

te

 (x-axis on the left) and a corresponding CAPEX required (y-axis).  The area shaded 

in grey between 
max

my  and 
min

my  represented the feasible operating range of the developed 

system where ym (yellow line) must fall in between this region.  It ensures that the system output 

is always less than or equal to the maximum production capacity, while greater or equal to the 

minimum output to sustain its operation.  
max

my  and 
min

my  change with the system design, during 

the addition or removal of the equipment unit.  Hence, step changes are observed in 
max

my  and 
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min

my  (black lines) when CAPEX increases.  The technology bottleneck and additional 

equipment unit to be added for each step are identified by BTte when BTte equal to one.  

Increments in 
max

my  and 
min

my  are not proportional to the increase in CAPEX as the capital and 

capacity of each technology varies according to the market.  Occasionally, more than one 

technology bottlenecks might occur.  In that respect, multiple types of equipment and higher 

CAPEX are needed to increase the capacity of the system.  The increment in 
max

my  (black line) 

reduces the UI (green line) of the system due to the changes in production capacity as shown 

in the x-axis on the right.  On the other hand, FIU (light blue line) increases, while FIL (dark 

blue line) decreases as the CAPEX or capacity of the system increases. 

In the event where ym is increased to
new

my , the first design becomes infeasible (area 

shaded in red) as 
new

my  falls out of the area shaded in grey, as shown in Figure 5.1 (b).  This 

indicates that design 1 is not capable of dealing with a process throughput up to 
new

my  level, and 

therefore, increment in system capacity and CAPEX is required.  Based on the diagram, design 

2 is required to cope up with such changes.  At the same time, a budget constraint is applied 

where only an increment up to a maximum capital cost, CAPEX
max

 can be invested.  In this 

case, CAPEX
2
 falls within the constraint (CAPEX

2
 < CAPEX

max
).  As such, the expansion from 

first to second design is feasible, and the system will have more flexibility in product output 

up to 
max

2my  level.  On the other hand, when 
new

my  is further increased, as shown in Figure 5.1 

(c), the CAPEX required falls beyond the constraint (CAPEX
3
 > CAPEX

max
).  It shows that 

none of the designs is suitable for such increment in ym.  Hence, the decision-maker may only 

expand up to 
max

2my  with CAPEX
2, sacrificing the additional output between 

new

my  and 
max

2my . 
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Besides targeting for changes in ym, the proposed approach allows for decision making 

based on FI or UI.  For instance, the same investor is interested in changing the system slightly, 

allowing for more flexibility, FI
new

 to tolerate more significant fluctuation in ym, which may 

occur in the future.  As presented in Figure 5.1 (d), L

1FI  satisfies the new constraint ( L

1FI  ≥ 

FI
new

) but U

1FI  fails to do so ( U

1FI  < FI
new

).  Therefore, design 2 with flexibility up to U

2FI  is 

required while maintaining L

1FI  above the constraint set.  Such analysis serves as a powerful 

tool to plan for any changes in product output expected in the future, under different constraints. 

The following section presents a POM case study adopted from Chapter 5 to illustrate 

the proposed approach.  An IOM is developed to optimise the milling process, followed by 

FORA to study the feasible operating range within its design capacity.  The developed MINLP 

model was solved via LINGO (v16, LINDO Systems, Inc., Chicago, USA) to achieve a global 

solution (LINDO Systems Inc., 2017), with an Intel® Core™ i5 (2 × 3.20 GHz), 8 GB DDR3 

RAM desktop unit. 

 

5.4. Case Study 

It is assumed that the mill operator is interested in optimising the milling process further, 

improving the EP generated by taking operational factors such as operating hours, and labour 

costs into account.  Besides, an analysis to study the feasible operating range, utilisation, and 

flexibility of the POM design is performed, providing better insight for any changes in system 

design to cater for any variation in production output in the future.  FFBs obtained are divided 
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into three crop seasons, that is, low, medium and high seasons, each with a given fraction of 

occurrence, αs and availability (refer to Table 4.2).  The POM operates in batches for 12 h 

daily, usually divided into two workings shifts with a fixed AOT of 4350 h/y.  Fifteen operators 

with a labour cost, Clab of 4,500 US$/y is required for each shift to operate the milling process.  

It is assumed that the POM is located in a remote area where the power grid connection is not 

available and electricity required to operate the milling process is produced by cogeneration of 

biomass resources such as PPF and PKS. 

The POM will have an operation lifespan, 
maxt te of 15 years with a discount rate, r of 5% 

per annum.  The baseline POM design is shown in Figure 5.2 with the material and energy 

flow reported in a range for low and high crop seasons while the values stated in bracket 

represents the equipment units of each technology needed.  Economic parameters of the 

baseline POM design are given in Table 5.1, and additional information on material flows and 

technology units of the baseline POM design are provided in Tables 4.9 - 4.10.  The process 

matrix table, Am,te and other specifications of the system (i.e., CAPte, Ete, CCte, OCte, and Cm) 

used for the IOM developed are presented in Tables 5.2 - 5.4.  Note that the average cost for 

material m reported by the MPOB (2018c) is used and intermediates are associated with zero 

costing. 
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Figure 5.2. Baseline POM design. 
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Table 5.1. Economic parameters of the baseline POM design. 

Economic parameters 
Low 

season 

Medium 

season 

High 

season 
Average 

Total capital costs, CAPEX (million US$) 18.42 18.42 

Total operating costs, OPEX (million US$/y) 1.13 1.33 1.87 1.38 

Labour costs, LC (million US$/y) 0.14 0.14 

Gross Profit, GP (million US$/y) 3.89 5.64 8.10 5.53 

Economic Performance, EP (million US$/y) 2.80 4.28 6.32 3.75 

 

The assumption that the milling process can only be operated for 4,350 h/y due to the 

working shifts of operators causes its capacity to be underutilised.  In that case, more equipment 

units are required, resulting in higher CAPEX needed to process all the FFBs supplied, 

especially during the peak crop season.  A more common practice in the industry is to increase 

the TOT of the process.  In the industry, POM may operate up to 19 h/d or 7,000 h/y (TOT ≤ 

7,000).  In that sense, the CAPEX needed can be reduced as lesser equipment units are required.  

However, the increment in TOT on top of 4,350 h/y AOT requires overtime costs, OTC paid 

for operators working extra time and operating costs, OCte for service and maintenance of 

technology units.  In this study, overtime costs, COT of 5 US$/h and an additional 20% for OCte 

are considered for operations exceeding 4,350 h/y. 
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Table 5.2. Process matrix, Am,te for the palm oil milling process. 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 te = 8 te = 9 te = 10 te = 11 te = 12 te = 13 te = 14 te = 15 te = 16 te = 17 te = 18 

Tilted 

steriliser 

(t/h) 

Rotating 

drum 

separator 

(t/h) 

Oil 

pressing 

screw 

(t/h) 

Steam 

injection 

digester 

(t/h) 

Double 

screw 

press 

(t/h) 

Depricarper 

(t/h) 

Rolek 

nut 

cracker 

(t/h) 

Four-stage 

winnowing 

column (t/h) 

Vertical 

clarifier 

(t/h) 

Oil 

recovery 

(t/h) 

Vacuum 

dryer 

(t/h) 

Three- 

phase 

decanter 

(t/h) 

Oil 

recovery 

pit (t/h) 

PPF 

combustion 

(t/h) 

PKS 

combustion 

(t/h) 

Water tube 

boiler (t/h) 

HPS 

turbine 

(kW) 

MPS 

turbine 

(kW) 

m = 1 FFB (t) -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m = 2 Utility water (t) 0 0 0 0 0 0 0 0 -0.696 0 0 0 0 0 0 0 0 0 

m = 3 Steam lost (t) 0.12 0 0 0.116 0 0 0 0 0 0 0.138 0 0 0 0 0 0 0 

m = 4 SFB (t) 0.9 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m = 5 EFB (t) 0 0.24 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m = 6 Sterilised fruitlet (t) 0 0.76 0 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m = 7 Digested fruitlet (t) 0 0 0 1.04 -1 0 0 0 0 0 0 0 0 0 0 0 0 0 

m = 8 Pressed liquid (t) 0 0 0 0 0.6 0 0 0 -1 0 0 0 0 0 0 0 0 0 

m = 9 Pressed cake (t) 0 0 0 0 0.4 -1 0 0 0 0 0 0 0 0 0 0 0 0 

m = 10 Palm fruit nut (t) 0 0 0 0 0 0.59 -1 0 0 0 0 0 0 0 0 0 0 0 

m = 11 Cracked nut (t) 0 0 0 0 0 0 0.99 -1 0 0 0 0 0 0 0 0 0 0 

m = 12 Nut lost (t) 0 0 0 0 0 0 0.01 0 0 0 0 0 0 0 0 0 0 0 

m = 13 Aqueous phase (t) 0 0 0 0 0 0 0 0 1.156 0 0 -1 0 0 0 0 0 0 

m = 14 Organic phase (t) 0 0 0 0 0 0 0 0 0.54 0 -1 0 0 0 0 0 0 0 

m = 15 PPF (t) 0 0 0 0 0 0.41 0 0.19 0 0 0 0 0 -1 0 0 0 0 

m = 16 PKS (t) 0 0 0 0 0 0 0 0.357 0 0 0 0 0 0 -1 0 0 0 

m = 17 PEFB (t) 0 0 0.868 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

m = 18 Decanter cake (t) 0 0 0 0 0 0 0 0 0 0 0 0.113 0 0 0 0 0 0 

m = 19 CPO (t) 0 0 0 0 0 0 0 0 0 0.36 0.828 0 0 0 0 0 0 0 

m = 20 PK(t) 0 0 0 0 0 0 0 0.453 0 0 0 0 0 0 0 0 0 0 

m = 21 Recovered oil (t) 0 0 0.132 0 0 0 0 0 0 -1 0 0.02 0.0097 0 0 0 0 0 

m = 22 POME (t) 0.23 0 0 0 0 0 0 0 0 0.64 0.034 0.867 -1 0 0 0 0 0 

m = 23 Deoiled POME (t) 0 0 0 0 0 0 0 0 0 0 0 0 0.9903 0 0 0 0 0 

m = 24 Boiler feed water (t) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 0 0 

m = 25 Boiler ash (t) 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0423 0.039 0 0 0 

m = 26 LHV (MJ) 0 0 0 0 0 0 0 0 0 0 0 0 0 13388 17804 -5151.8 0 0 

m = 27 LPS (t) -0.3 0 0 -0.156 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0316 

m = 28 MPS (t) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.0735 -0.0316 

m = 29 HPS (t) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 -0.0735 0 

m = 30 Electricity (kW) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 

 

Table 5.3. Technology specifications for the palm oil milling process. 

Technology specifications 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 te = 8 te = 9 te = 10 te = 11 te = 12 te = 13 te = 14 te = 15 te = 16 te = 17 te = 18 

Tilted 

steriliser 

Rotating 

drum 

separator 

Oil 

pressing 

screw 

Steam 

injection 

digester 

Double 

screw 

press 

Depricarper 
Rolek 

nutcracker 

Four-stage 

winnowing 

column 

Vertical 

clarifier 

Oil 

recovery 

Vacuum 

dryer 

Three-

phase 

decanter 

Oil 

recovery 

pit 

PPF 

combustion 

PKS 

combustion 

Water-

tube boiler 

HPS 

turbine 

MPS 

turbine 

Capacity, CAPte (t/h/unit or kW/unit) 20 50 10 20 25 10 10 15 10 100 8 20 41 100 100 25 1,000 500 

Electricity, Ete (kW/unit) 75.4 28 15 18 40 69 31 29 32 0 35 50 5.5 0 0 0 0 0 

Capital costs, CCte (million US$/unit) 1.2 0.23 0.12 0.15 0.18 0.25 0.18 0.25 0.15 0 0.39 0.30 0.03 0 0 2.00 0.83 0.61 

Operating costs, OCte (million 

US$/unit/y) 
0.18 0.03 0.02 0.02 0.04 0.03 0.04 0.01 0.02 0 0.06 0.04 0 0 0 0.08 0.02 0.01 
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Table 5.4. Material costs, Cm for the palm oil milling process. 

Material costs, Cm 

(US$/t) 

m = 1 m = 2 m = 15 m = 16 m = 16 

FFB Utility water PPF PKS PKS 

121 0.55 23 45 45 

m = 17 m = 18 m = 19 m = 20 m = 24 

PEFB DC CPO PK Boiler feedwater 

8 43 548 389 1.14 

 

In order to achieve higher EP, an IOM was developed based on Eqs 5.2 - 5.15 to 

optimise the baseline POM design with an objective function to maximise EP as shown in Eq. 

5.1.  The model consists of 419 continuous variables with 54 integer variables and 622 

constraints, solved in 18 s to achieve a global solution.  The optimised POM design is presented 

in Figure 5.3, and the results given in Table 5.5 shows that an EP of 4.57 million US$/y can 

be achieved (22% increment) as compared to 3.75 million US$/y reported in the baseline design.  

The main reason behind this due to the reduction in CAPEX required, from 18.42 to 11.56 

million US$ as the units of technology needed, 
maxU
te reduce from 39 (refer to Table 4.10) to 

26 units as shown in Table 5.6. 

 

Table 5.5. Economic parameters of the optimised POM design. 

Economic parameters 
Low 

season 

Medium 

season 

High 

season 
Average 

Total operational time, TOT (h/y) 5,640 4,698 6,656 5,580 

Total capital costs, CAPEX (million US$) 11.56 11.56 

Total operating costs, OPEX (million US$/y) 0.94 1.40 1.40 1.21 

Labour costs, LC (million US$/y) 0.14 0.14 

Overtime costs, OTC (million US$/y) 0.10 0.03 0.17 0.09 

Gross Profit, GP (million US$/y) 4.15 5.57 8.39 5.68 

Economic Performance, EP (million US$/y) 3.04 4.46 7.28 4.57 
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Table 5.6. Technology units operated for the optimised POM design. 

Technology units operated (units) Low season Medium season High season 

Tilted steriliser 2 3 3 

Rotating drum separator 1 1 1 

Oil pressing screw 1 2 2 

Steam injection digester 2 2 2 

Double screw press 1 2 2 

Depricarper 1 2 2 

Rolek nutcracker 1 1 1 

Four-stage winnowing column 1 1 1 

Vertical clarifier 2 3 3 

Vacuum dryer 1 2 2 

Three-phase decanter 1 2 2 

Oil recovery pit 1 1 1 

Water-tube boiler 1 1 1 

High-pressure steam turbine 1 1 1 

Medium-pressure steam turbine 1 2 2 

Total 18 26 26 
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Figure 5.3. Optimised POM design. 



Chapter 5 

110 

Material flows for the optimised POM design is summarised in Table 5.7.  Note that a 

similar annual output is achieved as compared to the conventional design (refer to Table 4.9), 

despite a smaller throughput (material flow per hour) in the optimised design by operating 

5,580, 5,640, 4,698 and 6,656 h/y on average, low, medium and high crop seasons, respectively.  

In this respect, additional OTC by 0.10, 0.03 and 0.17 US$ M/y required for different crop 

seasons (an average of 0.09 million US$/y).  Besides, an additional 20% OCte is necessary to 

operate the equipment due to longer operational time.  However, OPEX is still reduced by 0.32 

million US$/y on average (= 1.38 – 1.06 million US$/y) as the overall equipment operated 

decreases.  It is worth mentioning that the equipment operated is the same for medium and high 

crop seasons but longer TOT in the latter case.  As higher OTC is required to process all the 

fruits available during medium crop season with smaller processing capacity, it is more optimal 

to operate the milling process with higher throughput but lower TOT. 

 

Table 5.7. Material flows for the optimised POM design. 

Material flow 
Low season Medium season High season Average 

(t/h) (t/y) (t/h) (t/y) (t/h) (t/y) (t/h) (t/y) 

LPS -11.8 -66,600 -18.8 -88,300 -18.8 -125,300 -15.9 -88,500 

Utility water -10.3 -58,300 -16.5 -77,400 -16.5 -110,000 -13.9 -77,500 

CPO 7.2 40,500 11.5 54,000 11.5 76,600 9.7 54,000 

PK 2.6 14,500 4.2 19,500 4.2 28,000 3.5 19,500 

PPF 0 0 0 0 0 0 0 0 

PKS 1.7 9,500 1.7 7,900 2.8 18,800 2.3 13,000 

PEFB 8.5 37,000 10.4 49,000 10.4 69,000 8.8 49,000 

POME 24.1 136,000 38.6 181,500 38.6 257,000 32.5 181,500 

Electricity demand (kW) (MWh/y) (kW) (MWh/y) (kW) (MWh/y) (kW) (MWh/y) 

EDemand (kW) 660 3,744 1,000 4,900 1,000 6,940 890 4,938 
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Figure 5.4 shows the breakdown of costs allocation for both designs where CAPEX is 

annualised into a yearly basis for 15 years.  It can be seen that the total costs required by the 

optimised design are lower than the baseline design by 23% on average, with 25, 18 and 25% 

reduction during low, medium and high crop seasons, respectively.  In the next part of this 

section, the milling process is further analysed with FORA, as mentioned earlier, to study the 

feasible range of CPO output, y
CPO

 for the CAPEX invested. 

 

 

Figure 5.4. Costs allocation for the baseline against the optimised POM design. 

 

FORA is performed on the milling process based on Eqs. 5.16 - 5.18, subject to the 

objective functions given in Eqs. 5.1 and 5.19.  At the same time, UI and FI are computed via 

Eqs. 5.20 - 5.21 to quantify the operational performance of the POM designed.  The analysis 

is performed for each increment in equipment unit added, beginning from the design with the 

smallest capacity of 18 units (optimised design during low crop season, 

TE
max

1=

U te

te

=18) to the 
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design with the biggest capacity, 39 units in the baseline design.  Graphical representations for 

FORA performed on different POM designs are presented in Figure 5.5 for different crop 

seasons, and detailed information can be found in Table 5.8.  Based on Figure 5.5 (a), we can 

see that y
CPO

 during the low crop season falls within the entire feasible region, representing that 

each of the design can be used to achieve the output required.  In this respect, the optimal 

operation will be determined from the trade-off between OTC, CAPEX, and OPEX as a design 

with smaller capacity requires higher OTC but lower CAPEX and OPEX, vice versa.  The POM 

is operated at smallest design capacity with a TOT of 5,640 h/y (OTC = 0.1 million US$/y) 

during the low crop season.  However, the POM is operated differently during the medium crop 

season.  Figure 5.5 (b) shows that y
CPO

 in this crop season lies within the feasible range for 

POM designs with 21 equipment units.  However, it was operated with a higher capacity design 

(26 equipment units, CAPEX = 11.56 million US$) rather than the former option to reduce the 

TOT and OTC required (only 4,700 h/y with 0.03 million US$/y OTC are needed).  On the 

other hand, at least 26 equipment units are required during high crop season as y
CPO

 falls out 

of the feasible operating range for smaller POM design, as shown in Figure 5.5 (c).  From the 

optimised results, the smallest possible design (26 equipment units) is operated for 6,660 h/y 

with an OTC of 0.17 million US$/y during this crop season. 
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(a) 

 

(b) 
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(c) 

Figure 5.5. Graphical representations for FORA performed during the (a) low crop season, 

(b) medium crop season, and (c) high crop season with 
new

CPOy . 

 

Based on the y
CPO

 for each crop season, the UI and FI vary with its design.  Note that 

UI and FI can only be measured when y
CPO

 falls within the feasible operating range.  During 

high crop season, a more significant portion of the production capacity in the optimised design 

has been utilised (UI = 0.95) as compared to the baseline design with UI of 0.60.  However, it 

reduces the FIU from 0.40 to 0.05, meaning that, although a higher proportion of the production 

capacity utilised in the optimised design during high crop season, the flexibility is reduced.  In 

the event where y
CPO

 were to increase further, it is implausible for the optimised design to cope 
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up with such changes, unless, additional equipment units for rotating drum separator, vertical 

clarifier, rolek nutcracker and so forth are added.  For instance, when y
CPO

 is estimated to 

increase by 30% from 76,600 to 100,000 t/y during high crop season, 31 equipment units with 

a CAPEX of 15.32 million US$ will be needed to achieve the 
new

CPOy  as shown in Figure 5.5 (c).  

However, such increment could not be satisfied if CAPEX
max

 is constrained at 15 million 

US$ or less than that.  In that case, a maximum of 87,000 t/y CPO could be produced with such 

given constraint in CAPEX. 

Apart from determining the feasible operating range of each design, this approach also 

serves as a tool to pinpoint the technology bottleneck, additional CAPEX needed, and 
max

CPOy  

increment for the milling process in sequence.  Table 5.8 shows that additional equipment units 

for vacuum dryer, double screw press, and depricarper technologies are needed to increase 
max

CPOy  

from 50,300 to 56,300 t/y.  Three different bottlenecks occur at the same time and 
max

CPOy  can 

only be increased when all three equipment units added.  It is then followed by MPS turbine 

and three-phase decanter to increase 
max

CPOy  from 56,300 to 58,000 t/y and so on.  It also allows 

the benefit-cost ratio, BCR for each step to be performed via Eq. 5.22, providing more insight 

into the effectiveness of any additional investment made. 

max max

CPO CPO 2 CPO 1

2 1 2 1

C ( )

CRF( ) ( )

y y
BCR

CAPEX CAPEX OPEX OPEX

−
=

− + −
 

 (5.22) 
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Table 5.8. Feasible operating range analysis data. 

TE
max

1=

U te

te  

(units) 

max

CPOy
 

(t/y) 

min

CPOy
 

(t/y) 

CAPEX 

(million 

US$) 

Additional  

CAPEX 

(million US$) 

Equipment added CBR UIL 
U

LFI
 

L

LFI
 

UIM 
U

MFI
 

L

MFI
 

UIH 
U

HFI
 

U

HFI
 

18 50,300 14,100 8.36 - - - 0.81 0.19 0.52 - - 0.79 - - - 

21 56,300 15,400 9.18 0.82 

Vacuum dryer 

Double screw press 

Depricarper 

3.5 0.72 0.28 0.45 0.96 0.04 0.69 - - - 

22 58,000 16,100 9.79 0.61 MPS turbine 2.9 0.70 0.30 0.42 0.93 0.07 0.65 - - - 

24 67,000 17,500 11.29 1.50 
Three-phase decanter 

Tilted steriliser 
3.0 0.60 0.40 0.34 0.81 0.19 0.54 - - 0.88 

25 68,000 17,500 11.41 0.12 Oil pressing screw 3.1 0.60 0.40 0.34 0.80 0.20 0.54 - - 0.87 

26 80,500 18,000 11.56 0.15 Steam injection digester 44.3 0.50 0.50 0.28 0.67 0.33 0.45 0.95 0.05 0.73 

27 84,800 18,500 11.79 0.23 Rotating drum separator 9.9 0.48 0.52 0.26 0.64 0.36 0.42 0.90 0.10 0.68 

28 86,300 19,000 11.94 0.15 Vertical clarifier 5.5 0.47 0.53 0.25 0.63 0.37 0.41 0.89 0.11 0.67 

29 87,000 19,000 12.12 0.18 Rolek nut cracker 1.3 0.47 0.53 0.25 0.62 0.38 0.40 0.88 0.12 0.66 

31 
100,60

0 
22,000 15.32 3.21 

Tilted steriliser  

Water tube boiler 
2.5 0.40 0.60 0.18 0.54 0.46 0.32 0.76 0.24 0.54 

32 
101,90

0 
22,700 15.49 0.18 Double screw press 2.7 0.40 0.60 0.18 0.53 0.47 0.31 0.75 0.25 0.53 

35 
104,40

0 
22,900 16.29 0.80 

Depricarper 

Vacuum dryer 

Vertical clarifier 

1.6 0.39 0.61 0.17 0.52 0.48 0.30 0.73 0.27 0.51 

36 
112,60

0 
23,000 16.31 0.02 Oil recovery pit 

415.

3 
0.36 0.64 0.16 0.48 0.52 0.28 0.68 0.32 0.48 

37 
116,00

0 
23,600 16.92 0.61 MPS turbine 5.9 0.35 0.65 0.15 0.47 0.53 0.26 0.66 0.34 0.46 

39 
127,20

0 
25,500 18.42 1.50 

Three-phase decanter 

Tilted steriliser 
3.7 0.35 0.65 0.15 0.47 0.53 0.26 0.66 0.34 0.46 
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5.5. Summary 

A combined mathematical programming and graphical approach are presented in this 

chapter to further optimise and analyse the milling process synthesised by considering other 

operational factors.  The proposed method consists of generic formulations for IOM and FORA 

to represent a palm oil milling process.  The POM case study in Chapter 4 is adopted and 

extended to illustrate the proposed approach.  In this chapter, higher EP is achieved from the 

optimised POM design with a smaller capacity but longer operational time as compared to the 

baseline design.  In that respect, the utilisation is improved significantly from 0.6 to 0.95 during 

the peak crop season.  However, the flexibility of the process is also reduced proportionally 

from 0.4 to 0.05.  FORA serves as a decision-making tool to determine the CAPEX required, 

based on the output expected and other constraints considered. 
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 Synthesis and Optimisation of 

Integrated Biogas and Wastewater 

Treatment (IBWT) System to 

Promote Biogas Utilisation 

 

6.1. Introduction 

Up to 181,500 t/y of palm oil mill effluent (POME) is generated as a by-product to 

produce crude palm oil (CPO) during milling processes.  The high organic contents in POME 

has excellent potential for biogas production.  Besides, POME must be further treated before 

discharge or reused in milling processes.  In this respect, an integrated biogas and wastewater 

(IBWT) system which consists of multiple unit operations (e.g., anaerobic digestion, aerobic 

digestion, biogas upgrading, and polishing) is needed.  This chapter aims to develop a 

systematic approach in synthesising an optimum IBWT system with maximum economic 

performance, EP to promote biogas utilisation in the oil palm industry.  Note that POME is 

also treated in the system developed to satisfy the specifications for discharge or reused as 

utility water.  To illustrate the proposed approach, a typical palm oil mill (POM) case study in 

Malaysia is solved.  The changes in system design and performance due to variation in POME 

availability and national grid connections are considered in this work to ensure the flexibility 

of system developed.  Following that, a sensitivity analysis of different parameters to evaluate 

alternative strategies, ensuring the feasibility of the developed system is performed at the end 

of this chapter. 
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6.2. Problem Statement 

A generic graphical representation for the problem shown in Figure 6.1.  The synthesis 

problem stated as follows.  Given feedstock i ϵ I with a flowrate of Fi and its quality qi is sent 

to technology j ϵ J, converted into intermediate product p ϵ P.  Intermediate product p with its 

quality qp can be further converted to final product p′ ϵ P′ with quality qp’ via technology j′ ϵ J′.  

Apart from intermediate and final products p and p’ generated, electricity e ϵ E could also be 

produced in primary technology j and secondary technology j’.  Primary technology j and 

secondary technology j′ are provided with a specific electricity consumption per unit flowrate 

(i.e. Yije, Ypj’e), or per unit equipment (i.e. Yje, Yj’e), respectively.  The energy consumption rate 

Con

eE  is compensated by the on-site generated energy
Gen

eE  to ensure a self-sufficient operation.  

In some scenario where excess power is generated, it can be sold or exported to the power grid, 

Exp

eE . 

 

 

Figure 6.1. A generic representation of superstructure. 

Feedstock i

i = 1

i = 2

i = I

Primary 

Technology j

j = 1

j = 2

j = J

Intermediate 

Product p

Secondary 

Technology j 

j' = 1

j' = 2

j' = J'

Final Product 

p 

p' = 1

p' = 2

p' = P'

Energy e

e = 1

e = 2

e = E

p = 1

p = 2

p = P
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The optimisation objective is to synthesise an IBWT system with maximum EP (Eq. 

6.1), given all the process constraints.  Based on the fixed design capacities for primary 

technology j (
DesignFj ) and secondary technology j′ (

Design

'Fj ) in the market, the proposed approach 

will determine the equipment units required, represented by zj and zj’ respectively.  Due to the 

variation in feedstock i supply with time, the model is solved via multiperiod optimisation 

where each season s ϵ S assigned with a fraction of occurrence, αs. 

Maximise EP (6.1) 

 

6.3. Mathematical Optimisation Formulation 

Based on Figure 6.1, a detailed mathematical formulation for a proposed multiperiod 

optimisation model presented. 

6.3.1. Material Balance 

As mentioned previously, seasonal variation s in feedstock i supply is considered in this 

work for the synthesis of an optimal IBWT system.  Eq. 6.2 shows the component balance for 

a total flowrate of feedstock i (Fi), distributed into potential technology j with a flowrate of Fij.  

Fij distribution into potential primary technology j may change with the variation in Fi for each 

season s. 

J

1

(F ) =i s ij

j s

F
=

 
 
 


 

∀i, ∀s (6.2) 

In technology j, feedstock i is converted to intermediate product p with conversion Xijp.  The 

total production rate for intermediate product p (Fp) for all technology j is given in Eq. 6.3. 
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(F
p
)
s
= F

ij
j=1

J

å
i=1

I

å X
ijp

æ

è
ç

ö

ø
÷
s

 

∀p, ∀s (6.3) 

Next, the flowrate of intermediate product p (Fp) is distributed to potential technology j′ with a 

flowrate of Fpj’ for further processing, as shown in Eq. 6.4. 

J'

'

' 1

( ) =p s pj

j s

F F
=

 
 
 


 

∀p, ∀s (6.4) 

Eq. 6.5 shows the conversion of intermediate product p (Fpj) to final product p′ via 

technology j′ with conversion Xpj’p’ to give a total production rate for final product p’ (Fp’)  

(F
p '
)
s
= F

pj '
j '=1

J'

å
p=1

P

å X
pj ' p '

æ

è
ç

ö

ø
÷
s

 

∀p′, ∀s (6.5) 

However, in the event where a single or no technology is needed to produce final product p’, 

feedstock i and intermediate product p’ can bypass technologies j and j’ through a “blank” 

technology in which conversion does not take place.  Besides, the formulation can easily be 

expanded repetitively for any number of conversion stages required to match the requirement 

of case study despite only two steps of conversion technologies j and j’ are presented in Figure 

6.1. 

 

6.3.2. Energy Balance 

Apart from material conversions, feedstock i and intermediate product p can be 

converted into electricity e via primary technology j and secondary technology j’ with 

conversion Vije and Vpj’e, respectively.  Eq. 6.6 calculates the total energy generated, 
Gen

eE  in 

kW 
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( )
I J P J'

Gen

' '

1 1 1 ' 1

1
V V

AOT
e ij ije pj pj es

i j p j s

E F F
= = = =

 
= + 

 
 

 

∀e, ∀s (6.6) 

where AOT represents the annual operating time of the process.  Meanwhile, electricity e is 

consumed in technologies j and j’.  Depending on the energy requirement in primary 

technology j and secondary technology j’ selected, the total energy consumption 
Con

eE  is 

calculated with Eq. 6.7 

( )
I J P J' J J'

Con

' ' ' '

1 1 1 ' 1 1 ' 1

Y Y Y Ye ij ije pj pj e j je j j es
i j p j j j s

E F F z z
= = = = = =

 
= + + + 
 
     ∀e, ∀s (6.7) 

where Fij and Fpj’ are the flowrate of feedstock i and intermediate product p into technology j 

and j′, Yije, and Ypj’e are the specific electricity consumption per unit of feedstock i and 

intermediate product p processed, Yje and Yj’e are the electricity consumption per unit operation, 

while zj and zj’ are the number of equipment unit needed for technologies j and j’, respectively.  

The required equipment units for primary technology j (zj) and secondary technology j’ (zj’) are 

determined based on the operating capacity for each season s, as shown in Eqs. 6.8 - 6.9 

( )
I P I E

Design

1 1 1 1

F X Vj j ij ijp ij ijes
i p i e s

z F F
= = = =

 
  + 

 
 

 

∀j, ∀s (6.8) 

( )
P P' P E

Design

' ' ' ' ' ' '

1 ' 1 1 1

F X Vj j pj pj p pj pj es
p p p e s

z F F
= = = =

 
  + 

 
 

 

∀j’, ∀s (6.9) 

where 
DesignFj  and 

Design

'Fj  represent the fixed design capacities for technologies j and j’, 

respectively.  zj and zj’ are positive integers that reflect the equipment units of technologies j 

and j′ with the given design capacities. 
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6.3.3. Economic Analysis 

To perform an economic analysis on the IBWT system developed, the EP is evaluated 

via Eq. 6.10 

CRF= − EP GP CAPEX  (6.10) 

where GP, CRF and CAPEX represent the gross profit, capital recovery factor of the process 

developed, and capital costs required during high season αH respectively.  It is worth 

mentioning that EP shall always be positive with a higher value indicating a greater interest for 

investment on the system developed.  A negative EP value represents a higher investment cost 

as compared to the GP generated, making it an infeasible design.  GP is calculated using Eq. 

6.11 

P' I E
Exp

' '

' 1 1 1

AOT α C C C
= = =

 
=  − + − 

 
   s p p i i e e

s p i e s

GP F F E OPEX  (6.11) 

where OPEX is the total operating costs of the IBWT system developed.  The selling price for 

final product p’ and electricity e are indicated by 'C p  and Ce, respectively.  Meanwhile, the 

cost of feedstock i is given as Ci.  The GP formulation (Eq. 6.11) is subject to Eq. 6.12 to assess 

the GP of the system developed in all s. 

α 1= s

s

 (6.12) 

CRF is used to annualise capital costs by converting its present value into a stream of 

equal annual payments over a specified operation lifespan, 
maxt k  and discount rate, r.  CRF is 

determined via Eq. 6.13. 

max

max

t

t

r (1+r)
CRF=

(1+r) 1

k

k −
 k ϵ j, j’ (6.13) 
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CAPEX and OPEX are calculated based on the selected technologies j and j′ as well as their 

equipment unit, zj and zj’ required, as shown in Eqs. 6.14 - 6.15 

J J'

' '

1 ' 1 H

CC CC
= =

 
= + 
 
 j j j j

j j

CAPEX z z  (6.14) 

( )
J J'

' '

1 ' 1

OC OC
= =

 
= + 
 
 j j j js
j j s

OPEX z z  ∀s (6.15) 

where OCj and OCj’ are operating costs, while CCj and CCj’ are capital costs, for technologies 

j and j′ respectively.  zj and zj’ during high crop season with the highest throughput is used to 

calculate the CAPEX of the system developed.  Payback period, PP is then calculated to 

identify the time required to return the initial investment made before making a profit by 

investing in the system, as shown in Eq. 6.16. 

( )

1
ln

r
 1-( )

 
ln 1 r

CAPEX

GPPP

 
 
 
 
 =

+
 

(6.16) 

 

6.3.4. Additional Constraints 

Although energy is being generated in the synthesised IBWT (
Gen

eE ), energy is also 

being consumed (
Con

eE ) in technologies j and j to process feedstock i and intermediate product 

p.  The optimisation objective in this work is to synthesise an independent IBWT system with 

maximum EP (Eq. 6.1), which is self-sufficient to sustain its operation without any interruption.  

To achieve this, additional constraint, Eq. 6.17 is added where the energy consumption rate, 

Con

eE  must be compensated by the on-site generated energy, 
Gen

eE  (
Gen

eE >
Con

eE ).  On the other 

hand, the excess energy, 
Exp

eE  generated is sold or exported to the power grid. 
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( )Gen Con Exp( )  e s e e
s

E E E +
 

∀e, ∀s (6.17) 

The quality q and q’ of intermediate product p and final product p’ play an essential 

role in the synthesis of an IBWT system.  Hence, it is necessary to trace the material quality 

across the entire process.  Eqs. 6.18 - 6.19 show the quality of intermediate product p (qp) and 

final product p’ (qp’) produced 

( )
I J

1 1

q Wp p ij i ijps
i j s

F q F
= =

 
=  
 


 

∀p, ∀s (6.18) 

( )
P J'

' ' ' ' '

1 ' 1

Wp p pj p pj ps
p j s

F q F q
= =

 
=  
 


 

∀p’, ∀s (6.19) 

where qi is the quality of feedstock i.  Meanwhile, Wijp and Wpj’p’ are the conversions of quality 

in technology j and j’, respectively.  In order to maintain the quality of final product p’ produced 

(qp’), an additional constraint is added to the model 

' 'Tp pq
 ∀p’ (6.20) 

where Tp’ is the target of the quality level specified in the case study. 

Additionally, the variation in feedstock i supply may result in a change in the selection 

of primary technology j and secondary technology j′.  Hence, different technologies j and j′ are 

invested and operated in an IBWT system under different season s.  As a result, huge capital 

investment is required for such an operation.  In order to minimise the CAPEX required, the 

technologies j and j′ selected for all season s should remain constant.  Hence, Eqs. 6.21 - 6.22 

are added to restrict the equipment units required, zj and zj’ for technologies j and j′ 

correspondingly. 

H M L
( ) ( ) ( )  

j j j
z z z 

 
∀j (6.21) 
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( ) ( ) ( )  

j j j
z z z 

 
∀j’ (6.22) 

A case study is presented to illustrate the proposed approach.  The developed model is 

solved via LINGO version 14 with Global solver (LINDO Systems Inc., 2016) with an Intel® 

Core™ i5 (2 x 3.20 GHz), 8 GB DDR3 RAM desktop unit. 

 

6.4. Case Study 

In this case study, it is assumed that the same POM as presented in Chapters 4 is 

interested to build a new IBWT system next to it and treats the generated POME.  The 

breakdown of POM operations throughout a year and the quality of POME are given in Table 

6.1.  Note that the fraction of occurrence, αs is estimated based on the number of months in 

which the seasons occur in a year.  Besides, the anaerobic and aerobic digesters are operated 

in mesophilic conditions (~25 °C) where heating is not required.  In this case study, it is 

assumed a typical IBWT system works continuously over the year (AOT of 8,000 hours a year).  

Since palm oil mills do not operate continuously, therefore, oil recovery pits serve as a buffer 

tank to normalise the POME supply into the IBWT.  In addition, it is also assumed that the 

synthesised system is built next to the POM with all products and energy sold on the site.  In 

this respect, transportation costs and supply chain issues neglected in this case study.  

Furthermore, the site required to build the system is not constrained as most POM in Malaysia 

is built in a rural area where land availability is not concerned.  Table 6.2 shows the materials 

and electricity costs associated with this study, while Table 6.3 shows the specifications for 

final products before reuse or discharged to the environment. 
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Table 6.1. POM operations throughout a year. 

Season Low Medium High Average 

Fraction of occurrence, αs 0.417 0.333 0.250 - 

Material flowrates 

Fresh fruit bunch, FFB (kt/y) 195.8 261.0 369.8 261.0 

Crude palm oil, CPO (kt/y) 40.5 54.0 76.6 54.0 

Palm oil mill effluent, POME (km3/y) 136.0 181.5 257.0 181.5 

POME quality 

Biological oxygen demand, BOD (ppm) 35,000 

Chemical oxygen demand, COD (ppm) 74,000 

 

Table 6.2. Cost of material and electricity. 

Material Price Reference 

Wet sludge (US$/t) 2 

(Ng and Ng, 2013; Ng 

et al., 2013b) 

Utility water (US$/m3) 0.5 

Medium pressure steam, MPS (US$/t) 17 

Low-pressure steam, LPS (US$/t) 12 

Electricity to grid (US$/kWh) 0.0796 (SEDA Malaysia, 2017) 

Treated biogas (US$/MJ) 0.003355 (Market Watch, 2016) 

Bio-compressed natural gas, bioCNG (US$/MJ) 0.005813 
(Energy Commission 

Malaysia, 2017) 

Liquefied CO2 (US$/t) 160 (Biofuels Digest, 2014) 

 

Table 6.3. Final product quality specifications. 

Final product Quality Reference 

Treated water 

(Asis et al., 2016; Ong, 1979)    Biological oxygen demand, BOD (ppm) 20 

   Chemical oxygen demand, COD (ppm) 50 

River quality water (Class IIA) 

(WEPA, 2008)    Biological oxygen demand, BOD (ppm) 3 

   Chemical oxygen demand, COD (ppm) 25 

Treated biogas (% CH4) 55 (Khan et al., 2017) 

Bio-compressed natural gas, bioCNG (% CH4) 98 (Abu Bakar et al., 2017) 

 

A graphical superstructure representation is developed to incorporate all available 

technologies and configurations in an IBWT system, as shown in Figure 6.2.  Note that every 
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box presented in the superstructure represents different technology for j and j’ which may 

consist of varying equipment units, zj and zj’, respectively.  In the superstructure, POME 

feedstock is first processed in oil recovery pit to produce deoiled POME and recovered oil.  

Deoiled POME (an intermediate product) is processed in the cooling pond to produce cooled 

POME.  Cooled POME from the cooling pond has the option to be processed in various 

anaerobic digestion technologies such as covered lagoon, membrane anaerobic system, up-flow 

anaerobic sludge blanket, etc. to generate raw biogas, anaerobically treated POME and wet 

sludge.  Raw biogas and anaerobically treated POME are further processed in other 

technologies to produce final products such as electricity, bio-compressed natural gas 

(bioCNG), treated water, etc.  Throughout the system, products such as recovered oil, wet 

sludge and treated biogas which are not processed further will be sold as final products.  The 

list of technologies used and other information such as costs, conversion, material and 

electricity requirement are provided in the Appendix (Table A.2). 

In order to demonstrate the proposed approach, two scenarios are presented to 

synthesise an IBWT system under a seasonal change in availability of POME.  In the first 

scenario, the optimisation objective is set to maximise EP of the IBWT system synthesised.  In 

the second scenario, the IBWT system is optimised under the assumption that the connection 

to the national grid is not available on the site.  Therefore, the excess electricity generated in 

this scenario is not saleable under the Feed-in-Tariff (FiT) scheme.  Lastly, sensitivity analysis 

performed to provide strategies in which biogas utilisation can be promoted in the industry. 
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Figure 6.2. Superstructure for IBWT system. 
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6.4.1. Scenario 1: With National Grid Connections 

In this scenario, an IBWT system is synthesised to generate biogas while treating the 

POME from a 60 t/h POM.  The objective is set to maximise EP (Eq. 6.1) with the constraints 

given in Eqs. 6.2 to 6.22.  It is assumed that the system has an operation lifespan, max

kt  of 15 

years with a discount rate, r of 5% per annum.  The costs of material and electricity given in 

Table 6.2 are used to evaluate the performance of the synthesised IBWT system.  Meanwhile, 

the quality specifications for final products generated given in Table 6.3 are achieved.  The 

model consists of 821 continuous variables with 123 integer variables and 790 constraints.  A 

global solution is achieved with negligible computational time (less than one second).  The 

optimised IBWT system configuration is given in Figure 6.3 with the economic parameters, 

the flowrate of material and electricity summarised in Tables 6.4 and 6.5. 

 

 

Figure 6.3. Optimum IBWT system configuration for Scenario 1. 
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Table 6.4. Economic parameters for Scenario 1. 

Economic parameters 

Low 

season 

Medium 

season 

High 

season 
Average 

Capital cost, CAPEX (million US$) 2.94 2.94 

Operating cost, OPEX (million US$/y) 0.35 0.37 0.42 0.37 

Gross profit, GP (million US$/y) 0.60 0.87 1.40 0.90 

Economic performance, EP (million US$/y) 0.38 0.64 1.12 0.61 

Payback period, PP (y) - 3.69 

 

Table 6.5. The flowrate of final products and electricity for Scenario 1. 

Flowrate Low 

season 

Medium 

season 

High 

season 

Average 

Wet sludge (t/h) 1.83 2.43 3.45 2.43 

Treated water (t/h) 15.03 20.04 28.39 20.04 

Electricity generated, 
Gen

eE  (kW) 1,540 2,000 2,909 2,035 

Electricity consumed, Con

eE  (kW) 106 121 133 118 

Electricity exported, 
Exp

eE  (kW) 1,434 1,879 2,776 1,918 

 

From the optimised result, an average EP value of 0.61 million US$/y is achieved over 

an operational lifespan of 15 years.  A PP of 3.69 years is required to return the CAPEX of 2.94 

million US$ with an average GP of 0.90 million US$/y.  The corresponding technologies 

selected, and equipment units needed for each season is given in Table 6.6.  The upflow 

anaerobic sludge fixed film technology is chosen to generate biogas, which is then treated in a 

biological scrubber before combusted in the gas engine for electricity production.  On the other 

hand, anaerobically digested POME from anaerobic sludge fixed film technology is treated in 

an extended aeration system before polishing via physicochemical treatment to produce treated 

water and discharged.  As shown, the equipment units operated increases as POME feedstock 

increases from nine units in low crop season (136 km3 POME/y) to 13 units during high crop 

season (257 km3/y).  Thus, OPEX increases correspondingly at 0.35, 0.37 and 0.42 million 

US$/y for low, medium and high seasons.  However, the increment in OPEX is compensated 
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with the raise in generated GP (0.60, 0.87, and 1.40 million US$/y for low, medium and high 

crop season, respectively) due to the increased production and exportation of electricity.  On 

average, 2,035 kW electricity with 2.43 and 20.04 t/h of wet sludge and treated water, 

respectively, are generated by the synthesised IBWT system.  At the same time, an average of 

118 kW electricity is consumed to operate the system.  Hence, a total of 1,918 kW (1,434, 

1,879 and 2,776 kW for low, medium and high crop season, respectively) electricity is exported 

and sold to the national grid under the FiT scheme. 

 

Table 6.6. Chosen and operated technologies for Scenario 1. 

Equipment Design capacity 

Low 

season 

(unit) 

Medium 

season 

(unit) 

High 

season 

(unit) 

Oil Recovery Pit 800 m³ 1 2 2 

Cooling Pond 2,400 m³ 1 1 1 

Upflow Anaerobic Sludge Fixed Film 2,300 m³ 1 1 1 

Biological Scrubber 310 Nm³/h 2 3 4 

Gas Engine 1 MW 2 2 3 

Extended Aeration System 2,300 m³ 1 1 1 

Physicochemical Treatment 30 m³/h 1 1 1 

Total unit 9 11 13 

 

6.4.2. Scenario 2: Without National Grid Connections 

In the second scenario, it is assumed that the site is not connected to the national grid, 

and excess electricity generated cannot be exported.  This is often the case for Malaysian POMs, 

which are usually located in the plantation area to reduce logistic costs for FFB.  Due to the 

remote location of POMs, extra charges are required (i.e. 0.2 million US$/km) for power line 

installation (Electric Light & Power, 2013; Vaillancourt, 2014).  As such, the cost of electricity, 

Ce is set to be zero US$/kW, and the calculation for GP (Eq. 6.11) is modified into Eq. 6.23. 
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The objective remains the same (Eq. 6.1) with the given constraints in Eqs. 6.2 – 6.10 and 6.12 

– 6.23.  Similarly, the material prices and final products specifications given in Tables 6.2 and 

6.3 are used.  The model is solved to achieve a global solution with negligible computational 

time (less than one second), and the optimum IBWT system configuration is shown in Figure 

6.4.  The economic parameters of the system developed under such circumstances are given in 

Tables 6.7 with the flowrates of final products and electricity summarised in Table 6.8. 

 

Figure 6.4. Optimum IBWT system configuration for Scenario 2. 
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Table 6.7. Economic parameters for Scenario 2. 

Economic parameters 

Low 

season 

Medium 

season 

High 

season 
Average 

Capital cost, CAPEX (million US$) 3.03 3.03 

Operating cost, OPEX (million US$/y) 0.42 0.47 0.53 0.47 

Gross profit, GP (million US$/y) 0.21 0.39 0.70 0.39 

Economic performance, EP (million US$/y) -0.36 0.11 0.40 0.10 

Payback period, PP (y) - 10.01 

 

Table 6.8. The flowrate of final products and electricity for Scenario 2. 

Flowrate 
Low 

season 

Medium 

season 

High 

season 
Average 

Bio-compressed natural gas, bioCNG (t/h) 0.20 0.27 0.40 0.28 

Wet sludge (t/h) 1.83 2.43 3.45 2.43 

Utility water (t/h) 15.03 20.04 28.39 20.04 

Electricity generated, Gen

eE  (kW) 317 406 543 403 

Electricity consumed, Con

eE  (kW) 317 406 543 403 

Electricity exported, 
Exp

eE  (kW) - - - - 

 

An average EP value of 0.10 million US$/y is obtained in this scenario (0.61 million 

US$/y previously) with an operational lifespan of 15 years.  CAPEX and OPEX both increased 

to 3.03 million US$ and 0.47 million US$/y, respectively, while GP reduces to 0.39 million 

US$/y (from 0.90 million US$/y).  As a result, additional 6.32 years (= 10.01 – 3.69 years) is 

needed to return the investment.  Comparing to the previous scenario, technologies in the 

synthesised IBWT system remains the same (i.e. upflow anaerobic sludge fixed film, extended 

aeration system and biological scrubber) where gas engine is equipped to combust part of the 

biogas produced, generating electricity to operate the system.  It is noted that an additional 285 

kW of electricity (=403 – 118 kW) is consumed on average to operate the electrocoagulation 

system to generate utility water for reuse in the milling process.  The generated power is 

consumed entirely by the system (
Gen

eE =
Con

eE ) while the remaining biogas is upgraded into 
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bioCNG via gas membrane technology as an alternative product.  BioCNG is produced at the 

rate of 0.20, 0.27 and 0.40 t/h for low, medium and high season, respectively, yielding a total 

of 2,205 t/y (= 0.28 t/h × 8000 h/y). 

 

6.4.3. Sensitivity Analysis 

The synthesised IBWT system in Scenario 2 (without grid connection) requires higher 

costs (i.e. OPEX and CAPEX) but generates lower GP value.  It is mainly due to the low price 

of bioCNG in the market, as up to 40% of fossil gas market price is subsidised by the Malaysian 

government (Energy Commission Malaysia, 2014).  As a result, additional 6.32 years are 

required to return the investment made, causing the industry to lose interest to invest in such a 

system when grid connection is unavailable on site.  As an effort to promote biogas utilisation 

in the industry, it is suggested that subsidies for bioCNG and incentives for carbon emission 

reduction (CER) in such a system are needed to be implemented.  GHG emissions from POME 

treated with the IBWT (GHGIBWT) and conventional open ponding systems (GHGOP) can be 

computed via Eqs. 6.24 and 6.25, respectively, with the basis used for calculations given in 

Table 6.9.  It was found that the implementation of IBWT system in a 60 t/h POM successfully 

reduces the GHG emission by 82% or 50,431 t CO2e/y (= 61,187 – 10,756 t CO2e/y). 

( )IBWT avg comb 4 IBWT 2 IBWTAOT×POME X CH +CO=GHG  (6.24) 

( )
4OP avg CH 4 OP 2 OP=AOT×POME GWP CH +COGHG

 
 (6.25) 
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Table 6.9. The basis used to calculate GHG emissions from POME. 

Variable Value Note 

Annual operating time, AOT (h/y) 8,000 
From case study 

Average POME supply, POMEavg (km3/y) 181.5 

CO2 conversion from CH4, Xcomb (kg/kg) 2.75 

Stoichiometric equation: 

CH4 + 2O2 => CO2 + 2H2O 

(complete combustion 

reaction assumed) 

CH4 production for IBWT system, CH4 IBWT (kg/m3) 15.50 
(Yacob et al., 2006) 

CO2 production for IBWT system, CO2 IBWT (kg/m3) 16.71 

CH4 production for open ponding system, CH4 OP (kg/m3) 12.36 
(Najafpour et al., 2006) 

CO2 production for open ponding system, CO2 OP (kg/m3) 28.57 

CH4 global warming potential as compared to CO2, 

4CHGWP  

25 (Gardner et al., 1993) 

Greenhouse gas emission by IBWT system, GHGIBWT  

(t CO2e/y) 

10,756 Refer to Eq. 6.24 

Greenhouse gas emission by open ponding system, 

GHGOP (t CO2e/y) 

61,187 Refer to Eq. 6.25 

 

A sensitivity analysis is performed by adjusting the price of bioCNG and CER to predict 

the PP needed for IBWT system developed.  BioCNG price ranges between 50 to 200% of the 

current price (0.581 x 10-2 US$/MJ or 24.55 MYR/mmBtu) at 10% intervals while CER 

incentive varies from 0 to 20 US$/t CO2e at 1 US$/t CO2e intervals.  The results obtained are 

given in Figure 6.5 and Table 6.10.  Note that PP reduces significantly as bioCNG and CER 

prices increase except for bioCNG price ranging from 0.291 to 0.489 × 10-2 US$/MJ where PP 

remains constant (reduces as CER price increases).  In this region, biogas is not upgraded to 

bioCNG but sold for domestic heating with energy price of 0.336 × 10-2 US$/MJ (Market 

Watch, 2016) as shown in Figure 6.6.  CAPEX needed is reduced to 2.61 million US$ due to 

the removal of biogas upgrading technologies such as compressors and gas membranes from 

the system.  Meanwhile, biogas is upgraded to bioCNG when the price is higher than 0.489 

×10-2 US$/MJ, as discussed in Scenario 2 (refer to Figure 6.4).  The increment in CAPEX 

causes a step increment in PP as bioCNG price increases above 0.489 ×10-2 US$/MJ, as shown 
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in Figure 6.5.  In order for the synthesised IBWT system to attract the interest of palm oil 

millers, it must achieve a PP below six years.  In that case, CER incentive of 6 US$/t CO2e is 

required with the current bioCNG price, or 40% subsidy on bioCNG price (0.814 x 10-2 

US$/MJ), or combination of both strategies are needed to promote biogas utilisation from 

POME in the industry. 

 

 

Figure 6.5. Sensitivity analysis on bioCNG and CER prices to PP of developed IBWT 

system. 
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Table 6.10. Sensitivity analysis for PP (years) of developed IBWT system. 

bioCNG price CER price (US$/t) 

% x10-2 US$/MJ 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

50 0.291 15.08 11.64 9.51 8.04 6.97 6.15 5.51 4.99 4.56 4.19 3.88 3.62 3.39 3.18 3.00 2.84 2.70 2.56 2.45 2.34 2.24 

60 0.349 15.08 11.64 9.51 8.04 6.97 6.15 5.51 4.99 4.56 4.19 3.88 3.62 3.39 3.18 3.00 2.84 2.70 2.56 2.45 2.34 2.24 

70 0.407 15.08 11.64 9.51 8.04 6.97 6.15 5.51 4.99 4.56 4.19 3.88 3.62 3.39 3.18 3.00 2.84 2.70 2.56 2.45 2.34 2.24 

80 0.465 15.08 11.64 9.51 8.04 6.97 6.15 5.51 4.99 4.56 4.19 3.88 3.62 3.39 3.18 3.00 2.84 2.70 2.56 2.45 2.34 2.24 

84 0.489 15.06 12.01 10.01 8.59 7.52 6.69 6.03 5.49 5.04 4.65 4.33 4.04 3.79 3.57 3.37 3.20 3.04 2.90 2.77 2.65 2.54 

90 0.523 12.67 10.46 8.91 7.78 6.89 6.19 5.62 5.15 4.75 4.41 4.11 3.85 3.63 3.42 3.24 3.08 2.93 2.80 2.68 2.56 2.46 

100 0.581 10.01 8.59 7.52 6.70 6.03 5.49 5.04 4.65 4.33 4.04 3.79 3.57 3.37 3.20 3.04 2.90 2.77 2.65 2.54 2.44 2.34 

110 0.639 8.28 7.29 6.51 5.88 5.37 4.93 4.57 4.25 3.97 3.73 3.52 3.33 3.16 3.00 2.86 2.73 2.62 2.51 2.41 2.32 2.24 

120 0.698 7.07 6.34 5.74 5.25 4.83 4.48 4.17 3.91 3.67 3.47 3.28 3.11 2.96 2.83 2.70 2.59 2.48 2.39 2.30 2.22 2.14 

130 0.756 6.17 5.60 5.13 4.74 4.40 4.10 3.84 3.62 3.42 3.24 3.07 2.93 2.79 2.67 2.56 2.46 2.36 2.28 2.19 2.12 2.05 

140 0.814 5.47 5.02 4.64 4.32 4.03 3.78 3.56 3.37 3.19 3.03 2.89 2.76 2.64 2.53 2.43 2.34 2.25 2.17 2.10 2.03 1.97 

150 0.872 4.92 4.55 4.24 3.96 3.72 3.51 3.32 3.15 3.00 2.86 2.73 2.61 2.51 2.41 2.32 2.23 2.15 2.08 2.01 1.95 1.89 

160 0.930 4.47 4.16 3.90 3.67 3.46 3.27 3.11 2.96 2.82 2.70 2.58 2.48 2.38 2.30 2.21 2.14 2.06 2.00 1.93 1.87 1.82 

170 0.988 4.09 3.84 3.61 3.41 3.23 3.07 2.92 2.79 2.67 2.56 2.45 2.36 2.27 2.19 2.12 2.05 1.98 1.92 1.86 1.81 1.75 

180 1.046 3.81 3.59 3.39 3.21 3.05 2.91 2.78 2.66 2.55 2.44 2.35 2.26 2.18 2.11 2.04 1.97 1.91 1.85 1.80 1.75 1.70 

190 1.104 3.51 3.32 3.15 3.00 2.86 2.73 2.62 2.51 2.41 2.32 2.23 2.16 2.08 2.01 1.95 1.89 1.83 1.78 1.73 1.68 1.64 

200 1.163 3.26 3.10 2.95 2.81 2.69 2.58 2.47 2.38 2.29 2.21 2.13 2.06 1.99 1.93 1.87 1.81 1.76 1.71 1.67 1.62 1.58 

• PP is affected by CER price but not bioCNG price for columns highlighted in green colour. 
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Figure 6.6. IBWT system configuration for bioCNG price below 0.489 x 10-2 US$/MJ. 

 

6.5. Summary 

IBWT system generates renewable energy in the form of biogas while treating POME 

to fulfil the discharge limit set.  Such a system offers significant benefits to the industry as it 

generates income from by-product generated in POM (i.e. POME) while reduces the GHG 

emissions.  In this work, the synthesis of an optimal IBWT system with maximum EP via 

multiperiod optimisation is presented.  The case study demonstrated that production of 

electricity sold to the national grid with a premium price under the FiT scheme is prioritised.  

In the situation where the national grid connection is not available, biogas is upgraded to 

bioCNG for injection into the natural gas grid or gas stations for green vehicles.  However, the 

latter process is less favourable as a long PP is required.  In the effort to promote biogas 
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utilisation from POME, strategies such as bioCNG subsidisation and incentivising CER 

schemes are suggested. 
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 Development and Feasible 

Operating Range Analysis (FORA) 

for Oil Palm-based Industrial 

Symbiosis (OPIS) 

 

7.1. Introduction 

As presented in Chapters 4 and 5, a robust palm oil mill (POM) configuration was 

synthesised to achieve maximum economic performance, EP while considering the seasonal 

variation of the crop.  Meanwhile, an integrated biogas and wastewater (IBWT) system that 

captures biogas for further application and treats the generated palm oil mill effluent (POME) 

was synthesised in Chapter 6.  In this chapter, an oil palm-based industrial symbiosis (OPIS) 

coalition is formed among several processing facilities to create more sustainability gains as 

compared to individual operations.  Such coalition focuses on the physical exchanges of 

materials, energy, water, and by‐products among processing facilities to develop a symbiotic 

and recycling network within the industry.  The objective is to evaluate the increment in both 

economic and environmental performances concerning the additional capital investments 

needed for such a coalition.  As such, Chapter 7 proposes a systematic approach to develop an 

OPIS coalition and improves the sustainability of the oil palm industry.  In addition, a multiple-

processes feasible operating range analysis (FORA) is performed to identify the global feasible 

operation and bottlenecking process of the OPIS coalition.  Utilisation and flexibility indices 

are introduced to measure the operability of each process within the alliance.  In order to 

illustrate the proposed approach, the synthesised milling process and IBWT system in the 
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previous chapter, along with other processing facilities obtained in the literature are used as a 

case study. 

 

7.2. Problem Statement 

The problem addressed by the proposed approach is stated as follows.  A given set of 

oil palm-based processing facilities fc ϵ FC are interested in forming a coalition within an OPIS.  

Each processing facility fc consists of a set of technologies te ϵ TE with interchangeable 

materials m ϵ M.  The input and output matrix of processing facility fc is given as Am,te,fc, where 

the output of material m from processing facility fc may be utilised as input in another 

processing facility fc.  The existence of processing facility fc is denoted by the set binary 

variables Bfc  and each processing facility fc consists of a set of maximum equipment units for 

technology te installed, 
max

,Ute fc  with the nominal capacity, CAPte,fc.  In this work, the objective 

is to present a systematic approach to develop an optimal OPIS coalition which yields 

maximum economic performance, EPOPIS as shown in Eq. 7.1.  Following this, FORA is 

performed to measure the operability of individual processing facility fc as well as the entire 

coalition, identifying the global feasible operating range and bottlenecking process within the 

alliance.  Besides, the changes in EPfc and EPOPIS are predicted based on the input and output 

of material m in processing facility fc (y
m,fc

) and the entire OPIS coalition (y
m,OPIS

). 

Maximise EPOPIS (7.1) 
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7.3. Model Formulation 

In this section, the mathematical model presented previously is modified to consider 

multiple processing facilities fc.  This model allows the exchange of material m between 

processing facilities fc, triggering the formation of an integrated OPIS coalition. 

7.3.1. Input-Output Optimisation Model (IOM) 

Eq. 7.2 represents the linear correlation of material m in technology te for processing 

facility fc 

, , , ,fc m te fc te fc m fc=B A x y  ∀m, ∀fc (7.2) 

where Bfc, Am,te,fc, xte,fc, and ym,fc are the set of binary parameters denoting the existence of 

processing facility fc, the matrix of fixed interaction ratios between material m and technology 

te, throughput vector of technology te, and flowrate vector of material m in processing facility 

fc, respectively.  The presence of processing facility fc is specified as one by Bfc and zero in 

the absence of it.  Meanwhile, Am,te,fc is expressed as negative and positive values, respectively, 

for the input and output of material m in technology te.  In the event where no interaction is 

occurring between material m in technology te, Am,te,fc will be expressed as zero.  A positive 

value in  represents the throughput of technology te operated.  On the other hand, xte,fc is 

shown as zero when the particular technology te in processing facility fc is not operated.  ym,fc 

expresses the feedstock, intermediate, and product of processing facility fc in a negative value, 

zero, and positive value, respectively.  Note that both xte,fc and ym,fc are expressed in material 

flow rate (kt/y) or power generation (MWh).  The summation of ym,fc gives the flowrate vector 

of material m for the entire OPIS coalition (ym,OPIS) as shown in Eq. 7.3. 

,x fc te



Chapter 7 

144 

FC

,OPIS ,

1=

=y ym m fc

fc

 ∀m (7.3) 

The vector for the units of technology te operated in processing facility fc (Ute,fc) is 

obtained via Eq. 7.4 

( )
1

, , ,

−

 CAPU xte fc te fc te fc  ∀te, ∀fc (7.4) 

where CAPte,fc is the diagonal matrix for a nominal capacity of technology te in processing 

facility fc, found in the market.  Ute,fc consists of positive integers when technology te is 

operated in processing facility fc.  Otherwise, it appears as zero when xte,fc equals to zero.  In 

order to ensure that Ute,fc does not exceed the maximum units of technology te installed for 

processing facility fc (
max

,Ute fc ), the constraint given in Eq. 7.5 is added to the model. 

max

, ,te fc te fcU U  ∀te, ∀fc (7.5) 

In this model, the electricity demand of processing facility fc (
Demand

,e fcE ) is determined 

based on Ute,fc as shown in Eq. 7.6 

TE
Demand

, , ,

1=

= EUe fc te fc te fc

te

E  ∀te, ∀fc (7.6) 

where Ete,fc is the diagonal matrix for electricity consumption specified per unit technology te 

operated in processing facility fc.  The summation of 
Demand

,e fcE  gives the electricity demand of 

the entire OPIS coalition 
Demand

,e OPISE , given in Eq. 7.7 

FC
Demand Demand

,OPIS ,

1=

=e e fc

fc

E E  (7.7) 

For conservative measurement, the power consumption and process efficiency for 

maximum loading are assumed for each operating equipment to prevent underestimation of 

power demand needed, regardless of the process throughput for each equipment.  Every 
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technology unit te is sized based on these conservative values to ensure the reliability of the 

system developed.  As such, every time a piece of equipment is selected, a conservative 

electricity consumption value (or maximum) is activated and determined. 

The economic performance of OPIS coalition, EPOPIS is given by the summation of 

economic performance for processing facility fc (EPfc) as shown in Eq. 7.8.  EPfc is calculated 

via Eq. 7.9 

FC

OPIS

1=

= fc

fc

EP EP  (7.8) 

CRF CAPEXfc fc fcEP GP= −   ∀fc (7.9) 

where GPfc, CRF, and CAPEXfc represent the gross profit, capital recovery factor, and capital 

costs required for processing facility fc, respectively.  Both EPOPIS and EPfc must be greater or 

equal to zero to ensure the economic feasibility of the developed coalition and system.  GPfc is 

given by Eq. 7.10 

M
Demand Imp

, ,

1

C LCfc m fc m e fc e fc fc

m

GP E OPEX
=

= − − − Cy  ∀fc (7.10) 

whereby Cm, 
ImpCe , OPEXfc, OTCfc, and LCfc are the costs of material m, cost of electricity 

imported, total operating expenses, and labour costs for processing facility fc, respectively.  In 

the model, it is assumed that all electricity generated by processing facility fc (ye,fc) is sold to 

the national grid while 
Demand

,e fcE  to operate processing facility fc is purchased from the national 

grid.  This indicates that excess electricity is exported to the national grid when y
e,OPIS

 fulfils 

the 
Demand

,OPISeE  (y
e,OPIS

 <
Demand

,OPISeE ), and vice versa. 

The CRF to annualise the CAPEXfc is determined from the operation lifespan, 
maxt te  and 

discount rate, r specified as shown in Eq. 7.11. 
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max

max

t

t

r (1+r)
CRF=

(1+r) 1−

te

te

 (7.11) 

CAPEXfc is obtained via Eqs. 7.12 

TE
max

, ,

1

CAPEX fc te fc te fc

te=

=U CC  ∀fc (7.12) 

where CCte,fc is the diagonal matrix of capital costs per unit of technology te in processing 

facility fc.  On the other hand, Eq. 7.13 gives the OPEXfc 

TE

, ,

1

fc te fc te fc

te

OPEX
=

= OCU  ∀fc (7.13) 

where OCte,fc is the diagonal matrix of operating costs per unit of technology te in processing 

facility fc.  The summation of CAPEXfc and OPEXfc give the total capital costs (CAPEXOPIS) 

and operating costs (OPEXOPIS), respectively, for the OPIS coalition formed. 

FC

OPIS

1

CAPEX CAPEXfc fc

fc=

=B  (7.14) 

FC

OPIS

1=

= fc

fc

OPEX OPEX   (7.15) 

LCfc is determined based on the number of workers in processing facility fc (nwk,fc) and costs 

of labour (Clab) specified, as shown in Eq. 7.16. 

wk, labLC n C=fc fc  ∀fc (7.16) 

The summation of greenhouse gas (GHG) emissions from processing facility fc (GHGfc) 

gives the total GHG emissions from the OPIS coalition developed (GHGOPIS) as shown in Eq. 

7.17.  GHGfc is evaluated based on Eq. 7.18 
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FC

OPIS

=1

= fc

fc

GHG GHG
 (7.17) 

M

,
=1

fc m fc m
m

GHG = SERy  ∀fc (7.18) 

where SERm is the set of specific emissions rate for material m.  SERm is assigned with a 

positive value when GHG is emitted during the production or disposal of material m, and vice 

versa.  Meanwhile, material m that is carbon neutral is specified as zero SERm. 

 

7.3.2. Feasible Operating Range Analysis (FORA) 

Based on the IOM developed, a multiple-processes FORA is performed to identify the 

global feasible operating range of the OPIS coalition designed.  The analysis begins by solving 

the IOM based on the objective function given in Eq. 7.1, with an assumption that an infinite 

amount of input material m available.  Based on the 
max

,Ute fc  specified, both y
m,fc and y

m,OPIS
 will 

be capped at the maximum value of 
max

,yte fc  and 
max

,OPISyte , respectively.  In that respect, the 

maximum EP achievable by processing facility fc (
max

fcEP ) and the entire coalition (
max

OPISEP ) 

can be determined. 

Next, the IOM is resolved with an additional constraint given in Eq. 7.19 to find out the 

minimum value of y
m,fc

 (
min

,ym fc ) while ensuring the processing facility fc is economically stable 

to sustain its operation. 

0=fcEP  ∀fc (7.19) 

Following that, the minimum value of y
m,OPIS

 (
min

,OPISym ) is identified by modifying the constraint 

in Eq. 7.19 into Eq. 7.20. 
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OPIS 0=EP  (7.20) 

For a given y
m
, the economic potential index for processing facility fc (EPIfc) and the OPIS 

coalition developed (EPIOPIS) are calculated using Eqs. 7.21 and 7.22 to determine the fraction 

of EP generated with respect to 
max

fcEP  and 
max

OPISEP , respectively. 

EPI
fc

=
EP

fc

EP
fc

max
 ∀fc (7.21) 

OPIS
OPIS max

OPIS

EP
EPI

EP
=  (7.22) 

Both EPIfc and EPIOPIS range between zero to one where zero indicates that the processing 

facility fc and OPIS coalition are not making any profit or loss.  Meanwhile, EPIfc and EPIOPIS 

are reported as one when the highest EP is achieved for processing facility fc and the OPIS 

coalition, respectively.  Apart from that, the evaluation of utilisation index, UI and flexibility 

index, FI for processing facility fc (UIfc and FIfc) and the developed OPIS coalition (UIOPIS and 

FIOPIS) are given in Eqs. 7.23 - 7.26 

,

max

,

=
m fc

fc

m fc

y
UI

y
 ∀fc (7.23) 

max

, ,U

max

,

min

, ,L

max

,

 −
=


= 

−
=



fc

fc

m fc m fc

m fc

fc

m fc m fc

m fc

y y
FI

y
FI

y y
FI

y

 ∀fc (7.24) 

,OPIS

OPIS max

,OPIS

=
m

m

y
UI

y
 (7.25) 
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max

,OPIS ,OPISU

OPIS max

,OPIS

OPIS min

,OPIS ,OPISL

OPIS max

,OPIS

 −
=


= 

−
=




m m

m

m m

m

y y
FI

y
FI

y y
FI

y

 (7.26) 

where U

fc
FI , U

OPISFI , L

fc
FI , and L

OPISFI  are the upper and lower flexibility index of processing 

facility fc and OPIS coalition, respectively.  Due to the linear correlation is assumed in Eq. 7.2, 

the flowrate of a crucial product, ym is selected to represent the entire flowrate vector of material 

m (ym), simplifying the analysis process.  Similarly, 
max

,ym fc , 
min

,ym fc , 
max

,OPISym , and 
min

,OPISym  are 

represented by 
max

,m fcy , 
min

,m fcy , 
max

,OPISmy , and 
min

,OPISmy , respectively.  Both UI and FI range from zero 

to one.  In the event where UI equals to zero, the processing facility fc or OPIS coalition is not 

utilised while UI equals to one indicates that the maximum processing capacity installed is 

entirely operated.  Meanwhile, a high FI suggests that the system or process is capable of 

handling a wider fluctuation range in ym without interrupting the operation, and vice versa. 

For a better illustration of the proposed multiple-processes FORA, a graphical 

representation for a simple coalition between two processing facilities is given in Figure 7.1.  

Several key features to be highlighted from the analysis are as follows.  
max

,OPISmy  and 
min

,OPISmy  

are represented by dotted lines in Figure 7.1 (a) with the range of ym between these two lines 

is labelled as the feasible range (FE), shaded in orange colour.  Beyond this range (ym  > 

max

,OPISmy ), the costs needed to operate the additional throughput outweighs the profit generated, 

reducing the EPOPIS obtained.  Meanwhile, when ym falls below 
min

,OPISmy , the coalition formed 

is economically not feasible as negative EPOPIS is attained.  As such, these regions are labelled 

as the not feasible range (NF) and shaded in red.  The arrows in Figure 7.1 (a) represent the 

feasible operating range of each processing facility, where 
max

,m fcy  and 
min

,m fcy  are shown by the  
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Figure 7.1. FORA illustration of an OPIS coalition between two processing facilities for (a) ym, and (b) EPI. 
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upper and lower arrows, respectively.  In this example, the blue arrow shows the feasible 

operating range of processing facility 1, while the feasible operating range of processing 

facility 2 is indicated by the orange arrow.  Occasionally, 
max

,m fcy  and 
min

,m fcy  may fall out of the 

FE region (within the NF region) when 
max

,m fcy  exceeds 
max

,OPISmy  or 
min

,m fcy  is lower than 
min

,OPISmy .  

For instance, the maximum throughput in processing facility 2 is higher than the developed 

coalition (
max

,2my  > 
max

,OPISmy ).  This indicates that ym higher than 
max

,OPISmy  but less than 
max

,2my  can 

still be processed by processing facility 2 but the feasibility of the established OPIS coalition 

is capped at 
max

,OPISmy  to ensure the highest EP achieved. 

Note that the feasible operating range of individual processing facility differs from one 

another, depending on the nature of each process (e.g., equipment capacity, costs, material and 

energy conversions).  Within the FE region (
min

,OPISmy ≤ ym ≤ 
max

,OPISmy ), the OPIS coalition can 

still be operated when ym falls outside the feasible operating range of one or multiple processing 

facilities.  In such a case, when ym surpasses 
max

,m fcy  for a specific processing facility, the surplus 

material will not be operated for that particular processing facility due to the restriction in the 

design capacity.  Meanwhile, when ym drops below 
min

,m fcy , all the processing facilities are still 

operated at ym despite the fact that some of them went under the feasible operating range with 

negative EPfc.  Such losses are compensated by the EP generated from other processing 

facilities to ensure the economic feasibility of the entire coalition formed. 

In order to assure the interest (i.e., EP) of different participating parties, it is 

recommended that the developed coalition is operated within the overlapping feasible operating 

range between all processing facilities.  Such a region is shaded in grey within the FE region 

and labelled as the global feasible range (GF).  In this region, the bottlenecking processes 
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within the developed coalition can be determined.  For instance, processing facility 1 is the 

upper bottleneck and processing facility 2 is the lower bottleneck of the alliance in this 

illustrative example.  The GF region can be expanded to accommodate a broader range of ym 

by increasing 
max

,1my , lowering 
min

,2my , or combination of both.  Such changes could be 

implemented by changing the design or debottlenecking the process based on the single-

process FORA approach discussed in Chapter 5.  The multiple-processes FORA also allows 

for the evaluation of operational performance in each processing facility and the developed 

OPIS coalition in terms of UI and FI.  For a given ym (solid line), the operational performance 

(i.e. UI1, FI1, UI2, FI2, UIOPIS, and FIOPIS) can be determined.  Note that high UI1, UI2, and 

UIOPIS values indicate that most of the processing capacity in each processing facility and OPIS 

coalition are utilised.  On the other hand, high FI1, FI2, and FIOPIS values represent great 

flexibility in the system developed to handle any potential changes in ym, and vice versa. 

Note also that for a given ym, the magnitude of EP1, EP2 and EPOPIS may vary 

significantly.  EPOPIS, which is the summation EP of all processing facilities (Eq. 7.8), will have 

the highest magnitude.  Typically, EP increases with ym as more product is produced and sold 

to generate higher profits.  However, the rate in which EP increases vary for each processing 

facility and the OPIS coalition.  For instance, EP1, EP2 and EPOPIS may increase by one, two 

and ten units, respectively, for every incremental unit in ym.  In order to overcome this issue, 

EPI is introduced and plotted against ym, as shown in Figure 7.1 (b).  This allows the EP of 

each processing facility and the developed OPIS coalition (EP1, EP2 and EPOPIS) to be 

estimated based on a given ym value (refer to Eqs. 7.20 and 7.21). 

In the following section, an OPIS case study is presented to illustrate the proposed 

approach.  The developed model is solved via LINGO version 16 with Global solver (LINDO 

Systems Inc., 2017) with an Intel® Core™ i5 (2 x 3.20 GHz), 8 GB DDR3 RAM desktop unit. 
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7.4. Case Study 

The OPIS considered in this case study consists of four different processing facilities, 

a POM, combined heat and power (CHP,) IBWT and palm-based biorefinery (PBB) systems.  

In this proposed OPIS, POM, CHP and IBWT systems that synthesised in Chapters 4, 5 and 6 

are included in this case study.  Meanwhile, the PBB system is adopted from Ng and co-

worker’s studies (2013; 2013b).  Figure 7.2 illustrates the possible interactions within and 

between each processing facilities in the OPIS coalition.  As shown, fresh fruit bunch (FFB) is 

used as raw materials in POM to produce products and by-products such as crude palm oil 

(CPO), palm kernel shell (PKS), POME, etc.  These materials can then be sold and utilised as 

feedstock in other processing facilities.  For instance, PKS and palm pressed fibre (PPF) are 

sent to the CHP system for steam (i.e. low-pressure steam (LPS) and medium-pressure steam 

(MPS)) and power generation.  Steam generated from the CHP system is sent back to the POM 

and PBB system to fulfil their demands for LPS and MPS.  Meanwhile, POME is treated in the 

IBWT system to produce treated water while generating electricity from biogas captured.  It is 

assumed that all the power generated from CHP and IBWT systems are fed into the national 

grid at a premium rate under the feed-in-tariff (FiT) scheme.  In return, the electrical demand 

to operate each processing facility is obtained from the grid at a fixed price given by the power 

company.  Alternatively, by-products such as POME, PKS, and pressed empty fruit bunch 

(PEFB) can be processed in PBB system to generate other value-added green products. 
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Figure 7.2. Interactions within and between processing facilities in the OPIS coalition.
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Table 7.1 provides the list of technologies considered for each processing facility with 

the specifications given in this case study.  Technologies considered in POM, CHP, and IBWT 

processing facilities are adopted from Chapters 4, 5, and 6, respectively.  Meanwhile, the PBB 

system developed by Ng and Ng (2013) is used in this case study.  The costs of materials to 

sell or purchase from external sources and other processing facility are listed in Table 7.2.  The 

table given also provides the specific emissions rate for the production or disposal of material.  

Electricity is purchased and sold to the national grid at a fixed rate of 0.0796 US$/kWh (SEDA 

Malaysia, 2017).  Note that the logistic costs to transfer raw materials and final products to and 

from the site are not included in the price given as the supply chain is not considered in this 

study.  Materials exchanged between processing facilities are free from transportation costs 

due to the assumption that all the plants are built on the same site.  Besides, the grid connection 

is assumed to be readily available on the site without any additional costs required. 

 

Table 7.1. Specifications for technologies considered. 

Technology te 

Nominal 

capacity, 

CAPte (kt or 

MWh/unit/y) 

Maximum 

equipment 

installed, 
max

Ute  (unit) 

Specific 

electricity 

consumption, Ete 

(kWh/unit/y) 

Capital 

cost, CCte 

(million 

US$/unit) 

Operating 

cost, OCte 

(million 

US$/unit) 

Palm oil mill, POM 

Tilted steriliser 140 3 507 1.2 0.216 

Rotating drum 350 1 188 0.225 0.041 

Steam injection digester 70 2 101 0.12 0.024 

EFB screw press 140 2 121 0.15 0.018 

Double screw press 175 2 269 0.18 0.043 

Depericarper 70 2 461 0.25 0.03 

Rolek nut cracker 70 1 209 0.18 0.043 

Four-stage winnowing 

column 
105 1 196 0.25 0.016 

Vertical clarifier 70 3 215 0.15 0.018 

Centrifugal purifier 56 2 235 0.39 0.066 

Three-phase decanter 140 2 336 0.3 0.042 
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Table 7.1 (cont’). Specifications for technologies considered. 

Technology te 

Nominal 

capacity, 

CAPte (kt or 

MWh/unit/y) 

Maximum 

equipment 

installed, 
max

Ute  (unit) 

Specific 

electricity 

consumption, Ete 

(kWh/unit/y) 

Capital 

cost, CCte 

(million 

US$/unit) 

Operating 

cost, OCte 

(million 

US$/unit) 

Combined heat and power (CHP) system 

Water tube boiler 175 1 0 2 0.096 

High-pressure steam 

turbine 
7,000 1 0 0.83 0.0199 

Medium-pressure steam 

turbine 
3,500 2 0 0.61 0.0146 

Heat recovery steam 

generator 
350 1 0 0.7 0.05 

Integrated biogas and wastewater treatment (IBWT) system 

Oil recovery pit 175 2 37 0.025 0.003 

Cooling pond 267 1 48 0.05 0.005 

Upflow anaerobic sludge 

fixed film 
256 1 192 0.46 0.209 

Biological scrubber 2,480 4 96 0.2 0.024 

Gas engine 8,000 3 0 0.315 0.025 

Extended aeration system 262 1 288 0.53 0.027 

Physicochemical 

treatment 
240 1 104 0.1 0.005 

Palm-based biorefinery (PBB) system 

Sludge holding tank 78 1 40 0.02 0.0031 

Belt filter press 14 2 235 0.05 0.0042 

Steam dryer 14 0 101 0.03 0.0084 

Hot air dryer 21 2 81 0.02 0.006 

Dry long fibre production 7 2 2,016 0.55 0.246 

Shredder 14 4 336 0.02 0.012 

Composting 7 5 0 0.4 0.25 

Charcoal production 8.4 1 0 0.45 0.336 

 

Table 7.2. Costs and specific emissions rates for material m. 

Material m 
Cost of material, Cm 

(US$/t) 

Specific emissions rate, 

SERm (t CO2e/t) 

Fresh fruit bunch, FFB 121 0 

Crude palm oil, CPO 548 0 

Palm kernel, PK 389 0 

Palm pressed empty fruit bunch, PEFB 8 1.2 
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Table 7.2 (cont’). Costs and specific emissions rates for material m. 

Material m 
Cost of material, Cm 

(US$/t) 

Specific emissions rate, 

SERm (t CO2e/t) 

Palm kernel shell, PKS 45 1.951 

Palm pressed fibre, PPF 23 1.064 

Decanter cake, DC 43 0 

Palm oil mill effluent, POME 0 0.3376 

Wet sludge 2 0.408 

Freshwater 0.55 0 

Boiler feedwater, BFW 1.14 0 

Low-pressure steam, LPS 12 0 

Medium-pressure steam, MPS 18 0 

* Other materials associated with zero cost and specific emissions rate are not listed in the table. 

 

Table 7.3. OPIS coalition in each scenario. 

Scenario 1 2 3 4 

BPOM 1 1 1 1 

BCHP 1 1 1 1 

BIBWT 0 1 0 1 

BPBB 0 0 1 1 

 

The OPIS coalition is developed based on the basis of 261,000 tonnes of FFB processed 

by the POM on a yearly basis (ym = -261,000).  Each processing facility has a fixed operation 

lifespan, 
maxt te  of 15 years with a discount rate, r of 5% per annum.  A total of 12, 3, 5 and 5 

operators are required to manage the plant operations for POM, CHP, IBWT and PBB systems, 

respectively, at an average price of 15,250 US$/y per person.  An IOM was developed based 

on Eqs. 7.2 - 7.18 to establish an optimal OPIS coalition network with an objective function 

given in Eq. 7.1.  Additional information on material conversions in each processing facilities, 

can be obtained in the process matrix tables (Tables A.3 – A.6) provided in the Appendix.  

Based on the proposed approach, the EPOPIS and GHGOPIS of each possible coalition in the 

OPIS are determined by considering four different scenarios.  Each scenario is computed based 

on the specific coalition formed between various processing facilities, as shown in Table 7.3.  
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The model consists of 443 continuous variables with 34 integer variables and 577 constraints, 

solved within a second to achieve a global solution.  The optimised OPIS coalition networks 

are presented in Figure 7.3 with the results summarised in Table 7.4.  The breakdown of the 

EP and GHG for each processing facility in the coalition is given in Table 7.5. 

 

 

(a) 

 

(b) 

 

DC

FFB

CPO

PK

Fresh 
water

BFW
Palm oil mill 

(POM)

Combined heat

and power

(CHP) system

261 kt/y

48.9 kt/y

15.5 kt/y

77.5 km
3
/y

53.4 kt/y

14.6 kt/y

19.7 kt/y

154.1 km
3
/y38.7 kt/y

4.65 

GWh/y

6.97 

GWh/y

180.1 kt/y

106.2 kt/y

POME

PEFB

National grid

Integrated biogas 

and wastewater 

(IBWT) system

DC

Treated waterFFB

CPO

PK

Fresh 
water

BFW

Palm oil mill 

(POM)

Combined heat

and power (CHP) 

system

National grid

261 kt/y

18.1 kt/y

147.7 kt/y

126.7 kt/y

48.9 kt/y

15.5 kt/y

77.5 km
3
/y

54 kt/y

14.6 kt/y

19.7 kt/y

154.1 km
3
/y

38.7 kt/y

4.65 GWh/y

6.97 GWh/y

181.3 kt/y

15.45 GWh/y

106.2 kt/y

PEFB

1.8 kt/y

Wet sludge

Hot flue gas



Chapter 7 

159 

 

(c) 

 

(d) 

Figure 7.3. OPIS network developed for scenario (a) 1, (b) 2, (c) 3, and (d) 4. 
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Table 7.4. Optimised results for OPIS coalition developed. 

Scenario 1 2 3 4 

CAPEXOPIS (million US$) 11.56 15.17 16.03 18.96 

OPEXOPIS (million US$/y) 1.21 1.49 2.71 3.16 

GPOPIS (million US$/y) 5.68 6.72 7.19 8.71 

EPOPIS (million US$/y) 4.57 5.26 5.65 6.88 

GHGOPIS (kt CO2e/y) 199.88 157.22 75.67 63.29 

Benefit-cost ratio, BCR 1.00 2.99 3.51 4.24 

Carbon saving, CS (kt CO2e/million US$/y) 1.00 11.82 27.82 18.46 

 

Table 7.5. EPfc and GHGfc within the OPIS coalition developed. 

Scenario 1 2 3 4 

EPPOM (million US$/y) 4.40 4.75 4.40 4.75 

EPCHP (million US$/y) 0.050 0.050 0.035 0.030 

EPIBWT (million US$/y) - 0.51 - 0.51 

EPPBB (million US$/y) - - 1.30 1.65 

GHGPOM (kt CO2e/y) 149.75 150.13 149.75 150.13 

GHGCHP (kt CO2e/y) 50.13 50.13 46.82 46.43 

GHGIBWT (kt CO2e/y) - -43.04 - -43.04 

GHGPBB (kt CO2e/y) - - -120.90 -90.23 

 

In Scenario 1, an alliance is formed between POM and CHP system with the optimised 

results of EPOPIS is determined as 4.57 million US$/y.  It is noted that all the PKS and PPF by-

products (15.5 and 38.7 kt/y) are utilised in the CHP system to generate 6.97 GWh/y of 

electricity.  This gives a net output of 2.32 GWh/y (=6.97 – 4.65 GWh/y) electrical power to 

the national grid while fulfilling the LPS demand of 106.2 kt/y needed to operate the POM.  

For Scenario 2, the IBWT system is included in the OPIS coalition formed, generating an 

EPOPIS of 5.26 million US$/y.  The operations of POM and CHP system remain unchanged in 

the presence of IBWT system.  POME is treated in the IBWT system to produce treated water 

and wet sludge while generating an additional of 15.45 GWh/y electricity, exported to the grid.  

Besides, 1.8 kt/y of oil is recovered in the IBWT system, which increases the CPO output in 

POM by 0.6 kt/y (=54 – 53.4 kt/y).  Meanwhile, a coalition is formed among POM, CHP and 
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PBB systems in Scenario 3 with an EPOPIS of 5.65 million US$/y reported.  In this coalition, 

PEFB and some of the POME is also converted into 31.1 kt/y of biofertilisers through the PBB 

system.  Besides, only a small portion of PKS (1.6 kt/y) is utilised in the CHP system to ensure 

sufficient LPS generated to sustain the mill’s operation.  Most of the PKS (13.9 kt/y) is sold to 

the PBB system for PKS charcoal productions.  As a result, the power generated from the CHP 

system reduces significantly (4.8 GWh/y as compared to 6.97 GWh/y earlier), and therefore, 

lesser boiler feedwater at 106.2 km3/y is required.  Meanwhile, 1.36 GWh/y of electricity is 

necessary to operate the PBB system.  In this respect, the net output of electricity from the 

coalition formed falls to -1.21 GWh/y (=4.8 – 4.65 – 1.36 GWh/y) where power is imported 

from the national grid to sustain the operations of the coalition formed.  Lastly, in Scenario 4, 

an alliance among all four processing facilities is formed and generates an EPOPIS of 6.88 

million US$/y.  The result shows that all the PKS from POM (15.5 kt/y) is converted into PKS 

charcoal in the PBB system.  Hot flue gas from IBWT system is utilised in the CHP system to 

generate sufficient LPS to operate the milling process.  Hot air is then used in the PBB system 

for dry long fibre (DLF) productions.  Due to insufficient heating duty from the CHP system, 

only 7 kt/y of DLF can be produced while the remaining PEFB will be composted to form 

biofertilisers.  With the production of DLF in PBB system, 
Demand

,PBBeE  increases to 3.38 GWh/y.  

Unlike the previous scenario, a positive net output of 12.17 GWh/y electricity is still achieved 

due to the surplus from the IBWT system. 

On the other hand, a total of 199.88 kt CO2e/y of GHGOPIS is reported for Scenario 1, 

where 149.75 and 50.13 kt CO2e/y are emitted by POM and CHP system, respectively.  Carbon 

is emitted in the POM due to disposal of by-products such as POME, PEFB, and decanter cake 

(DC).  Meanwhile, the carbon emissions in the CHP system is mainly due to the combustions 

of PKS and PFF in the boiler for steam generation.  With the presence of IBWT system in 

Scenario 2, GHGOPIS is reduced to 157.22 kt CO2e/y as 43.04 kt CO2e/y is trapped as biogas and 
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combusted for power generation.  It is worth mentioning that the difference in GHGOPIS is 

mainly due to the removal of methane gas with a global warming potential 25 times higher than 

carbon dioxide (Gardner et al., 1993), released directly to the atmosphere.  In Scenario 3, only 

75.67 kt CO2e/y of GHGOPIS is reported as 120.9 kt CO2e/y is reduced by the PBB system.  

Lesser carbon is emitted in the CHP system due to the smaller amount of PKS being combusted 

for power generation.  Besides, carbons in by-products such as POME, PEFB and PKS are 

trapped during the production of biofertiliser and PKS charcoal.  GHGOPIS is further reduced 

to 63.29 kt CO2e/y in Scenario 4, where 43.04 and 90.23 kt CO2e/y is reduced by the IBWT and 

PBB systems, respectively. 

A better illustration of the changes in economic and environmental aspects for each 

scenario is provided in Figure 7.4.  The improvement in performance can be indicated by the 

benefit-cost ratio, BCR and carbon saving, CS via Eqs. 7.27 and 7.28 to evaluate the 

effectiveness of additional investment made. 

OPIS OPIS 1

OPIS OPIS 1CRF(CAPEX CAPEX )

GP GP
BCR

−
=

−
 (7.27) 

OPIS OPIS 1

OPIS OPIS 1CAPEX CAPEX

GHG GHG
CS

−
=

−
 (7.28) 

By setting Scenario 1 as the baseline for OPIS coalition formed, Scenario 4 shows the most 

promising investment in terms of economic aspect as the greatest BCR of 4.24 is achieved.  It 

is relatively more cost-effective to invest in both IBWT and PBB systems at once to make the 

most significant economic benefit within the OPIS coalition.  The environmental aspect, on the 

other hand, shows that Scenario 3 is a better option with the highest CS of 27.82 kt CO2e/million 

US$/y.  This indicates that the PBB system should be prioritised in the OPIS coalition to reduce 

the GHG emissions under a restricted capital investment available. 
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Figure 7.4. Changes in economic and environmental aspects with different scenarios. 

Next, a multiple-processes FORA is performed on the OPIS coalition formed in 

Scenario 4, subject to the constraints given in Eqs. 7.19 and 7.20.  The EP
max

, with its 

corresponding max

FFBy  as well as the min

FFBy  for each processing facility and the entire coalition 

formed, is summarised in Table 7.6.  Following that, the changes in EP and EPI with y
FFB 

are 

determined from the highest max

FFBy  (485.1 kt/y) to the lowest min

FFBy  (63.2 kt/y) at every 20 kt/y 

intervals as shown in Table 7.7. 

 

Table 7.6. EP
max

, max

FFBy  and min

FFBy  of the OPIS coalition formed. 

Processing facility fc 
EP

max
 (million 

US$/y) 

max

FFBy  (kt/y) 
min

FFBy (kt/y) 

Palm oil mill, POM 7.75 388.9 63.2 

Combined heat and power, CHP system 0.46 460.2 250.0 

Integrated biogas and wasterwater, IBWT system 1.05 371.6 150.3 

Palm-based biorefinery, PBB system 3.37 485.1 97.8 

Oil palm-based industrial symbiosis, OPIS 11.88 388.9 90.6 
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Table 7.7. Changes in EP and EPI with y
FFB

. 

y
FFB

 EPPOM EPIPOM EPCHP EPICHP EPIBWT EPIIBWT EPPBB EPIPBB EPOPIS EPIOPIS 

485.1 12.05 1.56 0.75 1.63 2.14 2.05 3.37 1 18.31 1.54 

460.2 11.38 1.47 0.46 1 2.01 1.92 3.28 0.97 17.13 1.44 

440.0 10.84 1.40 0.43 0.93 1.91 1.82 3.19 0.95 16.37 1.38 

420.0 10.31 1.33 0.39 0.85 1.81 1.73 3.10 0.92 15.59 1.31 

400.0 9.78 1.26 0.34 0.74 1.70 1.63 2.95 0.88 14.75 1.24 

388.9 7.75 1 0.31 0.66 1.10 1.05 2.80 0.83 11.88 1 

371.6 7.31 0.94 0.27 0.58 1.05 1 2.67 0.79 11.27 0.95 

350.0 6.73 0.87 0.22 0.47 0.94 0.89 2.55 0.76 10.37 0.87 

330.0 6.19 0.80 0.17 0.37 0.85 0.82 2.30 0.68 9.45 0.80 

310.0 5.73 0.74 0.14 0.30 0.76 0.73 2.11 0.63 8.67 0.73 

290.0 5.20 0.67 0.09 0.20 0.66 0.63 2.05 0.61 7.92 0.67 

250.0 4.45 0.57 0 0 0.48 0.46 1.59 0.47 6.48 0.55 

230.0 4.14 0.53 -0.05 -0.11 0.38 0.36 1.47 0.44 5.88 0.50 

210.0 3.60 0.46 -0.10 -0.22 0.31 0.29 1.19 0.35 4.95 0.42 

190.0 3.10 0.40 -0.14 -0.31 0.20 0.20 0.88 0.26 3.98 0.34 

170.0 2.56 0.33 -0.18 -0.39 0.10 0.10 0.69 0.20 3.10 0.26 

150.3 2.07 0.27 -0.24 -0.53 0 0 0.53 0.20 2.29 0.19 

130.0 1.78 0.23 -0.28 -0.62 -0.10 -0.09 0.25 0.16 1.59 0.13 

110.0 1.25 0.16 -0.32 -0.69 -0.15 -0.15 0.13 0.07 0.86 0.07 

97.8 0.92 0.12 -0.34 -0.74 -0.21 -0.20 0 0 0.32 0.03 

90.6 0.73 0.09 -0.35 -0.76 -0.25 -0.24 -0.07 -0.02 0 0 

70.0 0.18 0.02 -0.40 -0.87 -0.36 -0.34 -0.12 -0.04 -0.75 -0.06 

63.2 0 0 -0.42 -0.90 -0.39 -0.37 -0.12 -0.04 -0.99 -0.08 

- 
max

FFBy  and 
min

FFBy  are highlighted in green and red colours, respectively. 
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Graphical representations for the multiple-processes FORA is presented in Figure 7.5.  

Based on Figure 7.5 (a), we can see that the FE of the entire OPIS coalition falls within 90.6 

and 388.9 kt/y where positive EPOPIS is generated. Meanwhile, when y
FFB

.drops outside of this 

range, the alliance formed becomes economically unfeasible as negative EPOPIS is achieved 

and therefore labelled as the NF region.  However, to ensure the economic feasibility of each 

processing facility within the coalition formed, the range of y
FFB

 is narrowed down to 250 and 

371.6 kt/y (GF region).  EP can then be converted into EPI (refer to Eqs. 7.21 and 7.22) and 

plotted against y
FFB

.  Figure 7.5 (b) reveals that a reasonably accurate EPI could be estimated, 

EPIEst for any given y
FFB 

value with a coefficient of determination, R2 more than 0.99, as shown 

in Table 7.8.  Table 7.9 summarises the UI, FI, EP, and EPI of each individual processing 

facility and the OPIS coalition formed when 261 kt/y of FFB is processed (solid black line).  

Note that a reasonably accurate EPI can be estimated via the formulae provided with a maximal 

difference of only 0.014 as compared to the actual value of 0.485 for the IBWT system.  This 

indicates that such analysis allows the EP to be estimated without any significant error, and 

therefore, reduces the time and effort required to recompute the process as y
FFB 

changes. 

 

Table 7.8. EPIEst for any given y
FFB 

value. 

EPIEst Formula Coefficient of determination, R2 

Est

POMEPI  = 0.003 (-y
FFB

) - 0.1759 0.9987 

Est

CHPEPI  = 0.0049 (-y
FFB

) - 1.224 0.9994 

Est

IBWTEPI  = 0.0044 (-y
FFB

) - 0.6488 0.9996 

Est

PBBEPI  = 0.0027 (-y
FFB

) - 0.216 0.9922 

Est

OPISEPI  = 0.0033 (-y
FFB

) - 0.2981 0.9994 
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(a) 

 

(b) 

Figure 7.5. Multiple-processes FORA for (a) y
FFB

, and (b) EPI of the OPIS coalition formed. 
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Table 7.9. UI, FI, EP, and EPI when y
FFB

 = 261 kt/y. 

Processing facility fc UI FIU FIL EP EPI
Act EPI

Est
 Diff 

Palm oil mill, POM 0.67 0.33 0.51 4.75 0.613 0.607 -0.006 

Combined heat and power, CHP 

system 
0.57 0.43 0.02 0.03 0.058 0.055 -0.003 

Integrated biogas and wasterwater, 

IBWT system 
0.70 0.30 0.30 0.51 0.485 0.500 +0.014 

Palm-based biorefinery, PBB system 0.54 0.46 0.34 1.65 0.490 0.489 -0.002 

Oil palm-based industrial symbiosis, 

OPIS 
0.67 0.33 0.44 6.88 0.579 0.563 -0.016 

 

7.5. Summary 

In this chapter, an IOM is established to develop an OPIS coalition which improves the 

economic and environmental sustainability of the oil palm industry.  The developed OPIS 

coalition is then analysed further with a multiple-processes FORA presented to study the global 

feasible operating range and bottlenecking process in such an alliance.  The processes 

synthesised in Chapters 4 to 6 are adopted to illustrate the proposed approach.  The results 

demonstrated that the initial EPOPIS when a POM and CHP system is operated is improved from 

4.57 to 6.88 million US$/y with an OPIS coalition consisting of four different processing 

facilities.  At the same time, GHGOPIS is also reduced to 63.29 kt CO2e/y in the latter scenario 

from 199.88 kt CO2e/y initially.  It is shown that the PBB system is more effective in reducing 

the GHG emissions (CS = 27.82 kt CO2e/million US$/y) than the IBWT system (CS = 11.82 kt 

CO2e/million US$/y) in the oil palm industry.  On the other hand, the multiple-processes FORA 

allows the changes in EP of each processing facility and the coalition formed to be estimated 

accurately with respect to the changes in FFB feedstock processed. 
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 Development and Evaluation for 

Sustainable Oil Palm Value Chain 

(OPVC) 

 

8.1. Introduction 

In Chapters 4 to 6, processing facilities are synthesised and optimised separately to 

achieve maximum economic performance, EP.  Chapter 7 then developed an oil palm-based 

industrial symbiosis (OPIS) to integrate multiple processing facilities and generate higher 

sustainability gains from a site.  In this chapter, an integrated oil palm value chain (OPVC) is 

developed to consider the interconnectivity between plantation, processing, and supply chain 

within the oil palm industry.  Such concept allows a top-down overview of the entire oil palm 

industry while capturing the details from individual activities to more substantial system 

interactions.  However, it is challenging to solve without a proper tool, especially for an 

extensive value chain network with various processes and the existence of multiple facilities in 

each process.  In this respect, Chapter 8 proposes a novel systematic approach to synthesise an 

integrated OPVC network for higher value productions in terms of economic and 

environmental aspects.  Besides, the reliability of the OPVC network formed under different 

supply chain management is measured in terms of collaboration reliability index, CRIm.  Such 

an index is then contrasted against the economic performance of OPVC, EPOPVC generated.  In 

order to illustrate the proposed approach, an OPVC case study in Johor state is presented and 

solved. 
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8.2. Problem Statement 

The problem addressed by the proposed approach is stated as follows.  An OPVC is 

developed from a given set of sites st ϵ ST, consists of plantation pt ϵ PT, and processing 

facility fc ϵ FC.  An input and output matrix is given as Ast, where material m ϵ M is converted 

in site st.  Each site st may serve as a source so ϵ SO and sink si ϵ SI where the output of 

material m from source so is transported to sink si as an input.  Material m is converted at the 

scale of xst in site st, where a set of minimum ( min

stx ) and maximum ( max
x st ) scales for site st are 

given.  The set binary variables, Bst denotes the participation of site st in the value chain.  In 

this work, the objective is to present a systematic approach in developing an OPVC network 

with optimal material m distributions.  Besides, the GHG emissions across the entire value 

chain are measured and evaluated.  Next, the CRIm of OPVC network developed is assessed, 

and trade-off with the EPOPVC generated via a fuzzy optimisation approach. 

 

8.3. Model Formulation 

The mathematical model proposed in this work consists of three different optimisation 

approaches, and each of them will be discussed in the following sub-sections. 

 

8.3.1. Input-output Optimisation Model (IOM) 

In the IOM approach, a linear correlation is assumed for material m in site st as shown 

in Eq. 8.1 
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,
B x y

st m st st m
=A  

∀st, ∀m, 

st ϵ pt, fc  
(8.1) 

where Bst, Am,st,  xst, and ym are the set of binary parameters denoting the participation of site 

st, matrix of fixed interaction ratios between material m and site st, scale vector of site st, and 

flowrate vector for input and output of material m across the entire OPVC network, respectively.  

Bst is expressed as one when site st participates in the developed OPVC network or zero in the 

other way round.  On the other hand, Ast consists of negative and positive values, representing 

the input and output of material m in site st, respectively.  In the event where no interaction is 

occurring between material m in site st, Ast is indicated as zero.  xst is a set of positive values to 

represent the size or throughput of site st operated.  Meanwhile, ym expresses the feedstock, 

intermediate, and product of the OPVC in a negative value, zero, and positive value, 

respectively.  Eq. 8.2 shows the constraint on xst 

min max
x x B xst st st st  

∀st 

st ϵ pt, fc 
(8.2) 

where min
xst  and max

x st  are the minimum and maximum size or throughput of site st, respectively.  

In the event where xst is smaller than min
xst , Bst is expressed as zero and site st will not participate 

in the OPVC network developed.  xst is also capped at a maximum value of max
x st  to prevent site 

st from operating beyond its maximum capacity. 

The economic performance of OPVC, EPOPVC is assessed based on Eq. 8.3 

ST

OPVC OPVC

1

CRF st st

st

EP GP
=

= −  CAPEXB  (8.3) 

where GPOPVC, CRF, and CAPEXst represent the gross profit, capital recovery factor, and 

vector for the fixed capital cost of site st, respectively.  Note that EPOPVC must always be greater 

or equal to zero to ensure the economic feasibility of the developed value chain.  GPOPVC is 

evaluated by Eq. 8.4 
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M ST

OPVC

1 1

m m st st

m st

GP
= =

= − C OPEXy B  (8.4) 

whereby Cm and OPEXst are the vectors for the cost of material m and annual operating cost 

(including labour, service, and maintenance costs) of site st, respectively.  CRF annualises the 

CAPEXst based on the operation lifespan, 
maxt st  and discount rate, r specified as given in Eq. 

8.5 

max

max

t

t

r (1+r)
CRF=

(1+r) 1

st

st −
 st ϵ pt, fc (8.5) 

Site st consists of plantation pt and processing facility fc (st ϵ pt, fc).  In this respect, the 

annualised plantation costs, APTC and annualised processing costs, APC can be evaluated via 

Eqs. 8.6 and 8.7. 

PT

1

CRF )pt pt pt

pt

APTC
=

= +  (OPEX CAPEXB  (8.6) 

FC

1

CRF )fc fc fc

fc

APC
=

= +  (OPEX CAPEXB  (8.7) 

Besides, the GHG emissions from plantation, PTE and processing, PE are defined in Eqs. 8.8 

and 8.9 

PT

1

SERpt pt pt

pt

PTE
=

=B x  (8.8) 

FC

1

SERfc fc fc

fc

PE
=

=B x  (8.9) 

where SERpt and SERfc represent the specific emissions rate from plantation pt and processing 

facility fc, respectively. 
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8.3.2. Superstructure Model 

Material m is allowed to be transported from one site st to another.  In this respect, each 

site st serves as a source so and sink si.  Eq. 8.10 shows the component balance for material m  

SO SI

, ,

1 1

m so m m si

so si

y F F
= =

= −   ∀m (8.10) 

where Fso,m and Fm,si represents the flowrates of material m from source so and material m to 

sink si, respectively.  The flowrate of material m from source so to sink si is then represented 

Fso,m,si as shown in Eqs. 8.11 and 8.12 

SI

, , ,

1

so m so m si

si

F F
=

=  ∀so, ∀m (8.11) 

SO

, , ,

1

m si so m si

so

F F
=

=  ∀m, ∀si (8.12) 

where Fso,m and Fm,si are the summation of Fso,m,si for all sink si and source so, respectively, for 

material m. 

In this model, the transportation costs for material m is assumed to be dependent on 

Fso,m,si and the distance travelled from source so to sink si, Dso,si.  The annual transportation 

costs, ATC is given in Eq. 8.13 

SO M SI

, , tr , h

1 1 1

(C D C )so m si so si

so m si

ATC F
= = =

= +  (8.13) 

whereof Ctr and Ch are the fixed transportation cost and handling cost, respectively.  Meanwhile, 

the GHG emissions from transportation, TE is defined in Eq. 8.14 
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SO M SI

, , tr

1 1 1

SERso m si

so m si

TE F
= = =

=  (8.14) 

Where SERtr is the specific emission rate to transport material m from source so to sink si.  

Based on that, the total annualised costs, TAC and GHG emissions, GHGOPVC of the entire 

value chain developed is determined via Eqs. 8.15 and 8.16. 

TAC APTC APC ATC= + +  (8.15) 

OPVCGHG PTE PE TE= + +  (8.16) 

 

8.3.3. Fuzzy Optimisation Model 

In this work, one of the objectives is to achieve a maximum attainable economic 

performance while ensuring the reliability of OPVC developed.  The reliability of value chain 

formed can be measured in terms of CRIm.  Fuzzy optimisation is then adapted to trade-off 

between EPOPVC and CRIm by assuming a linear membership function.  The highest and lowest 

value of each objective function is defined as the upper and lower bounds, respectively, in a 

fuzzy range.  An overall degree of satisfaction, λ is then introduced to signify the degree to 

which goals are satisfied.  Note that λ is a continuous variable bounded within the interval of 

zero to one.  The relationship between λ, EPOPVC, and CRIm is given in Eqs. 8.17 and 8.18 

L

OPVC OPVC

U L

OPVC OPVC

EP EP

EP EP


−


−
 (8.17) 

L

U L

m m

m m

CRI CRI

CRI CRI


−


−
 ∀m (8.18) 
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where U

OPVCEP , U

mCRI , L

OPVCEP , and L

mCRI  are the predefined upper and lower bounds of 

EPOPVC and CRIm, respectively, in the fuzzy range.  Both EPOPVC and CRIm fall in between 

these ranges. 

CRIm is defined as the summation of binary variable, Bso,m,si to denote the existence 

material m flowrate from source so to sink si. 

SO SI

, ,

1 1

m so m si

so si

CRI B
= =

=  ∀m (8.19) 

Bso,m,si will be expressed as one when material m is transported from source so to sink si or vice 

versa.  In this respect, Eqs. 8.11 and 8.12 are modified into Eq. 8.20 and 8.21, respectively. 

SI

, , , , ,

1

so m so m si so m si

si

F B F
=

=  ∀so, ∀m (8.20) 

SO

, , , , ,

1

m si so m si so m si

so

F B F
=

=  ∀m, ∀si (8.21) 

In order to ensure that Bso,m,si equals to zero when no material m is transported from source so 

to sink si (Fso,m,si = 0), Eqs. 8.20 and 8.21 are subject to the constraint given in Eq. 8.22. 

, , , , , ,(1 )so m si so m si so m siB F F−   
∀so, ∀m, 

∀si 
(8.22) 

In the following section, an OPVC case study is presented to illustrate the proposed 

approach.  The developed model is solved via LINGO version 16 with Global solver (LINDO 

Systems Inc., 2017) with an Intel® Core™ i5 (2 x 3.20 GHz), 8 GB DDR3 RAM desktop unit. 
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8.4. Case Study 

An OPVC network is developed among several sites such as oil palm plantations 

(OPPs), palm oil mills (POMs), kernel crushing plants (KCPs), palm oil refineries (PORs), and 

ports where materials are interchangeable as shown in Figure 8.1.  Every site serves as both 

sink and source simultaneously, where materials are utilised and converted before transferring 

to another site.  Note that each icon may represent more than one site in the value chain network 

(i.e., multiple OPPs, POMs, PORs, and ports may exist), and arrows are used to show the flow 

of materials between sites.  For instance, OPPs require fertilisers and biofertilisers obtained 

from the ports or POMs for fresh fruit bunches (FFBs) cultivation.  FFBs are then transferred 

to POMs for crude palm oil (CPO) productions.  At the same time, palm kernels (PKs) produced 

from POMs are converted to crude palm kernel oil (CPKO) in KCPs.  Such crude oils will then 

be refined in PORs before selling them to the port. 

In this case study, several sites from the Johor state positioned in the lower region of 

peninsular Malaysia is adopted to illustrate the proposed approach.  The case study consists of 

eight OPPs, seven POMs, three KCPs, two PORs, and a port, as shown in Figure 8.2.  Each of 

the sites has a fixed geographical location with its own global positioning system (GPS) 

coordinates listed in Tables 8.1 and 8.2.  It is assumed that the sites are interconnected by 

motorways where materials are transported with the distance estimated in Table 8.3.  Materials 

are usually carried in bulk by trucks with a fixed transportation cost and handling cost of 0.1 

US$/t/km and 0.5 US$/t, respectively (Foo et al., 2013).  Concurrently, 0.1055 kg CO2e/km/t 

is emitted to the atmosphere during transportation (EEA, 2017). 
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Figure 8.1. Interactions between sites in the OPVC network. 

 

Table 8.1. The sizes and locations of OPPs. 

Plantation pt 
Size, 

maxx pt  

(ha) 
Longitude Latitude 

Operating costs, OPEXpt 

(million US$/y) 

Conventional* Optimised* 

OPP 1 10,000 2°41' 102°50' 0.18 0.34 

OPP 2 8,000 2°09' 102°43' 0.14 0.27 

OPP 3 5,000 2°16' 102°55' 0.09 0.17 

OPP 4 18,000 2°14' 103°20' 0.32 0.62 

OPP 5 12,000 1°50' 103°11' 0.22 0.41 

OPP 6 9,000 1°44' 103°28' 0.16 0.31 

OPP 7 8,000 1°32' 103°42' 0.14 0.27 

OPP 8 6,000 2°07' 103°57' 0.11 0.21 

* Foong et al., 2019 

- GPS coordinate at the centre (mid-point) was used to leverage the transportations needed in OPPs to 

prevent under- or overestimation of transportation costs and GHG emissions. 
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Figure 8.2. Sites considered in the case study. 

 

Table 8.2. The locations of processing facilities and port. 

Processing facility fc Longitude Latitude Processing facility fc Longitude Latitude 

POM 1 2°31' 102°50' KCP 1 2°00' 103°17' 

POM 2 2°00' 103°04' KCP 2 1°40' 103°35' 

POM 3 2°02' 103°19' KCP 3 1°27' 103°53' 

POM 4 2°01' 103°26' POR 1 1°27' 103°54' 

POM 5 1°52' 103°41' POR 2 1°27' 103°56' 

POM 6 1°44' 103°54' Port Longitude Latitude 

POM 7 1°36' 103°42' Port 1 1°26' 103°54' 
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Table 8.3. The distance between sites in km. 

Site st OPP 1 OPP 2 OPP 3 OPP 4 OPP OPP 6 OPP 7 OPP 8 POM 1 POM 2 POM 3 POM 4 POM 5 POM 6 POM 7 KCP 1 KCP 2 KCP 3 POR 1 POR 2 Port 1 

OPP 1 0 86.6 63.4 130.9 125.6 160.8 193.5 255.7 25.4 99.0 135.0 136.9 201.4 219.6 196.2 129.6 172.1 215.2 217.4 218.3 219.0 

OPP 2 86.6 0 54.8 118.4 79.8 113.3 145.6 237.5 65.0 51.9 87.4 107.2 115.4 172.4 154.8 82.1 124.9 167.4 169.5 170.4 171.2 

OPP 3 63.4 54.8 0 82.4 77.1 112.3 145.1 183.5 43.1 50.5 86.6 88.5 152.7 170.9 146.8 81.2 123.6 166.8 168.9 169.8 170.6 

OPP 4 130.9 118.4 82.4 0 67.0 92.5 129.2 109.1 110.7 70.7 36.0 44.8 90.8 119.9 123.4 40.6 102.3 144.9 153.1 154.1 154.7 

OPP 5 125.6 79.8 77.1 67.0 0 59.2 92.0 146.5 105.3 29.0 32.4 52.1 82.2 118.1 98.8 27.1 70.7 113.7 115.8 116.7 117.5 

OPP 6 160.8 113.3 112.3 92.5 59.2 0 47.1 120.1 141.7 65.4 58.3 60.2 48.0 66.1 49.3 62.7 18.7 70.1 71.3 72.3 73.0 

OPP 7 193.5 145.6 145.1 129.2 92.0 47.1 0 97.1 172.6 96.2 89.9 97.2 60.0 39.8 12.0 93.5 30.9 29.1 31.2 32.1 32.9 

OPP 8 255.7 237.5 183.5 109.1 146.5 120.1 97.1 0 211.5 188.4 115.6 109.9 93.7 58.9 101.5 120.3 101.8 102.7 104.9 105.8 106.6 

POM 1 25.4 65.0 43.1 110.7 105.3 141.7 172.6 211.5 0 78.1 114.1 116.8 181.0 208.0 175.2 109.1 151.9 195.2 197.2 198.2 198.0 

POM 2 99.0 51.9 50.5 70.7 29.0 65.4 96.2 188.4 78.1 0 38.5 57.5 104.5 131.5 98.7 33.0 75.4 117.2 119.3 120.2 120.0 

POM 3 135.0 87.4 86.6 36.0 32.4 58.3 89.9 115.6 114.1 38.5 0 21.6 59.7 89.3 101.4 6.3 78.2 121.5 123.6 124.5 124.3 

POM 4 136.9 107.2 88.5 44.8 52.1 60.2 97.2 109.9 116.8 57.5 21.6 0 58.8 88.4 91.8 26.1 71.6 119.4 121.4 122.4 122.1 

POM 5 201.4 115.4 152.7 90.8 82.2 48.0 60.0 93.7 181.0 104.5 59.7 58.8 0 33.9 52.3 63.8 37.1 69.9 71.9 72.8 72.6 

POM 6 219.6 172.4 170.9 119.9 118.1 66.1 39.8 58.9 208.0 131.5 89.3 88.4 33.9 0 44.3 93.2 47.1 45.8 47.8 48.8 48.5 

POM 7 196.2 154.8 146.8 123.4 98.8 49.3 12.0 101.5 175.2 98.7 101.4 91.8 52.3 44.3 0 93.2 19.2 34.2 36.3 37.2 37.0 

KCP 1 129.6 82.1 81.2 40.6 27.1 62.7 93.5 120.3 109.1 33.0 6.3 26.1 63.8 93.2 93.2 0 72.9 115.5 119.4 120.3 120.1 

KCP 2 172.1 124.9 123.6 102.3 70.7 18.7 30.9 101.8 151.9 75.4 78.2 71.6 37.1 47.1 19.2 72.9 0 47.7 56.8 57.8 57.6 

KCP 3 215.2 167.4 166.8 144.9 113.7 70.1 29.1 102.7 195.2 117.2 121.5 119.4 69.9 45.8 34.2 115.5 47.7 0 3.9 4.8 4.6 

POR 1 217.4 169.5 168.9 153.1 115.8 71.3 31.2 104.9 197.2 119.3 123.6 121.4 71.9 47.8 36.3 119.4 56.8 3.9 0 2.6 4.5 

POR 2 218.3 170.4 169.8 154.1 116.7 72.3 32.1 105.8 198.2 120.2 124.5 122.4 72.8 48.8 37.2 120.3 57.8 4.8 2.6 0 3.3 

Port 1 219.0 171.2 170.6 154.7 117.5 73.0 32.9 106.6 198.0 120.0 124.3 122.1 72.6 48.5 37.0 120.1 57.6 4.6 4.5 4.5 0 

- The distance travelled between site st via motorways obtained from Google Maps (2019).
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The OPPs considered in this case study comprises of different sizes.  Besides, 

operational costs for the application of fertilisers in OPPs changes with the fertilisation 

management practised (Foong et al., 2019).  Such costs are given in Table 8.2, where the 

applications of compound and combined fertilisers are labelled as conventional and optimised 

OPP, respectively.  However, the costs associated with land procurement is not being 

considered in this study.  During the cultivation activities, a total of 20.82 and 19.52 t CO2e/ha/y 

are emitted in conventional and optimised OPP, respectively (Foong et al., 2019).  Similarly, 

the POMs are divided into convention and optimised designs where the former consists of a 

mill facilitated by combined heat and power (CHP) system while the latter comprises of a mill 

coalited with three other processing facilities, namely the CHP, integrated biogas and waster 

(IBWT), and palm-based biorefinery (PBB) systems (refer to Chapter 7).  The milling process 

emits 0.7658, and 0.243 t of CO2e per tonne of FFB processed in the conventional and optimised 

POM, respectively.  Additional information on the costs and capacities for POMs, KCP, and 

POR are provided in Table 8.4.  It is assumed that the sites have an operational lifespan of 15 

years with a discount rate of 5% per annum.  Excess electricity generated on sites can be sold 

to the national grid at a fixed rate of 0.0796 US$/kWh (SEDA Malaysia, 2017) and the external 

power needed for processing is purchased from the grid at the same rate.  Other materials are 

purchased and sold at the port with the costs adapted from commercial statistics, given in Table 

8.5. 
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Table 8.4. The costs and capacities of processing facilities. 

Processing 

facility fc 

Capital cost, 

CAPEXfc 

(million US$) 

Operating costs, 

OPEXfc 

(million US$/y) 

Minimum 

capacity, 
minx fc  (kt/y) 

Maximum 

capacity, 
maxx fc  (kt/y) 

Reference 

Conventional 

POM 
11.56 1.44 83.3 388.9 

Refer to Chapter 

7 Optimised 

POM 
18.96 3.5 90.6 388.9 

KCP 4.5 1.1 20.0 60.0 

(Jekayinfa and 

Bamgboye, 2007; 

MBL, 2015) 

POR 22.75 2.5 50.0 280.0 

(Sulaiman et al., 

2012, Ng and Ng, 

2013) 

- Labour and maintenance costs are considered as operating costs in processing facilities. 

- Minimum and maximum capacities are measured in terms of FFB, PK, and CPO processed in POM, 

KCP, and POR, respectively. 

 

Table 8.5. The cost of materials. 

Material m 
Cost of 

material, Cm 
Reference 

Urea (US$/t) 300 

(ICIS, 2017) Diammonium phosphate, DAP (US$/t) 372 

Muriate of potash, MOP (US$/t) 285 

Nitrogen, phosphorus, and potassium, NPK compound (US$/t) 380 Refer to 

Chapter 4 Biofertiliser (US$/t) 100 

Fresh fruit bunch, FFB (US$/t) 121 

(MPOB, 

2018c). 

Crude palm oil, CPO (US$/t) 548 

Palm kernel, PK (US$/t) 389 

Crude palm kernel oil, CPKO (US$/t) 921.83 

Refined, bleached, deodorised palm olein, RBDPOL (US$/t) 777.25 

Refined, bleached, deodorised palm stearin, RBDPS (US$/t) 720.5 

Palm fatty acid distillate, PFAD (US$/t) 630.45 

Refined, bleached, deodorised palm kernel oil, RBDPKO (US$/t) 777.25 

Refined, bleached, deodorised palm kernel olein, RBDPKOL (US$/t) 466.35 

Refined, bleached, deodorised palm kernel stearin, RBDPKS (US$/t) 432.3 

Palm kernel fatty acid distillate, PKFAD (US$/t) 378.27 
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Table 8.5 (cont’). The cost of materials. 

Material m 
Cost of 

material, Cm 
Reference 

Freshwater (US$/m3) 0.55 

(Ng and Ng, 

2013; Ng et 

al., 2013b) 

Boiler feedwater, BFW (US$/m3) 1.14 

Decanter cake, DC (US$/t) 43 

Palm kernel shell, PKS (US$/t) 45 

Empty fruit bunch, EFB (US$/t) 6 

Pressed empty fruit bunch, PEFB (US$/t) 8 

Dry long fibre, DLF (US$/t) 150 

Charcoal (US$/t) 300 

Palm kernel cake, (US$/t) 212 

Heat (US$/GJ) 104.3 

 

Apart from economic and environmental gains, the operations of the entire value chain 

must not be interrupted during contingencies such as a national disaster, plant maintenance, or 

termination of contracts between sites.  In that sense, the most reliable way practised in the 

industry to deal with such issues is having strategic sourcing of materials.  Each site usually 

collaborates with multiple sites to purchase and sell its materials, avoiding any disruptions in 

its operation.  For instance, to improve the reliability of FFB sources, each POM will 

collaborate with multiple OPPs to ensure a continuous supply of raw material for CPO 

productions.  Likewise, each OPP will sell its FFB to several POMs to avoid disruption in the 

value chain when one of the POM undergoes maintenance or decided to shut down.  However, 

such practice requires higher transportation costs, resulting in lower profit generated.  In this 

respect, CRIm is introduced to assess the reliability of OPVC and contrasted against the EPOPVC 

obtained. 

To demonstrate the proposed approach, two scenarios are taken into consideration for 

OPVC network development, based on different objective functions.  In the first scenario, the 

optimisation objective is set to maximise the EPOPVC generated.  Following that, λ is maximised 

to trade-off between EPOPVC, and CRIm of the OPVC network developed. 
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8.4.1. Scenario 1: Synthesis of Sustainable Oil Palm Value Chain (OPVC) 

In this scenario, an OPVC network is developed with the objective targeted to maximise 

EPOPVC, as shown in Eq. 8.23. 

Maximise EPOPVC (8.23) 

The linear programming (LP) model is solved with the constraints given in Eqs. 8.1 to 8.16 and 

data are given in Tables 8.1 – 8.5.  Additional information on material conversions in each site, 

and the process matrix table, Am,st are provided in the Appendix.  Based on the proposed 

approach, the EPOPVC and GHGOPVC for both conventional and optimised OPVC network are 

determined by considering different fertilisation in OPP and POM design, as shown in Tables 

8.1 and 8.4.  The model consists of 997 continuous variables and 944 constraints with a global 

solution achieved within two seconds of computational time.  Table 8.6. summarises the results 

incurred for the conventional and optimised OPVC networks developed. 

 

Table 8.6. Results for Scenario 1. 
 

Conventional Optimised Difference 

Gross profit, GPOPVC (million US$/y) 180.52 238.65 +58.13 

Total annualised costs, TAC (million US$/y) 98.62 105.69 +7.07 

Economic performance, EPOPVC (million US$/y) 167.04 220.18 +53.14 

Total GHG emissions, GHGOPVC (kt CO2e/y) 2,700 1,878 -822 

 

As shown, EPOPVC reported increases by 58.13 million US$/y, from 167.04 to 220.18 

million US$/y in the conventional and optimised OPVC network, respectively.  Despite the 

fact that additional 7.07 million US$/y of TAC is required in the latter case, the surplus in 

GPOPVC generated (58.13 million US$/y) outweighs the extra costs needed.  This is mainly due 

to the higher FFB and oil yield from OPPs and POMs, respectively.  The breakdown of TAC 

in the developed value chains is given in Figure 8.3.  APTC reduces significantly by 14.60 
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million US$/y (= 51.98 – 37.39 million US$/y) as lesser fertilisers were required in the 

optimum OPPs (Foong et al., 2019).  On the other hand, APC increases from 33.23 to 53.87 

million US$/y due to the installation of other processing facilities such as the IBWT and PBB 

systems to facilitate the POMs (refer to Chapter 7).  Meanwhile, the ATC raises a little (1%) in 

the optimised network due to the slight increment in flowrate of materials transported when the 

yield increases. 

 

 

Figure 8.3. Breakdown of total annualised costs, TAC in million US$/y. 

 

Table 8.7 shows the Bst and xst of the developed OPVC network.  All the sites 

considered in the case study participated in the OPVC network developed as Bst equals to one 

for each site.  In general, the OPPs are fully utilised as both Conv
x

st
 and Opt

x
st

 are equal max

stx .  

However, most of the processing facilities are not exploited entirely due to limited FFB 

availability.  It is also noted that the throughput of processing facilities in the optimal OPVC 

network is higher than the conventional network, causing a higher ATC needed for 

transportation of materials (e.g., FFB, CPO, CPKO, and refined oils) as discussed earlier. 

Table 8.7. Bst and xst of OPVC networks developed 
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Site st OPP 1 OPP 2 OPP 3 OPP 4 OPP 5 OPP 6 OPP 7 OPP 8 POM 1 POM 2 

 Bst 1 1 1 1 1 1 1 1 1 1 

Conv
x

st
 10,000 8,000 5,000 18,000 12,000 9,000 8,000 6,000 190,000 388,889 

Opt
x

st
 10,000 8,000 5,000 18,000 12,000 9,000 8,000 6,000 206,900 388,889 

Site st POM 3 POM 4 POM 5 POM 6 POM 7 KCP 1 KCP 2 KCP 3 POR 1 POR 2 

 Bst 1 1 1 1 1 1 1 1 1 1 

Conv
x

st
 344,857 83,254 83,254 114,000 239,746 25,968 22,765 60,000 50,000 246,020 

Opt
x

st
 388,889 111,892 90,612 124,140 261,118 29,283 29,121 60,000 50,000 275,495 

- Conv
x

st
 and 

Opt
x

st
 represent the scale of site st operated for the conventional and optimised network, respectively. 

 

Apart from the economic gain in the optimised OPVC network (higher EPOPVC), the 

GHGOPVC also reduces substantially from 2,700 to 1,878 kt CO2e/y with its breakdown 

presented in Figure 8.4.  It is observed that PTE decreases a little in both OPVC network 

developed and it has acquired the most prominent segment in GHGOPVC.  On the other hand, 

PE reduces significantly by 725 kt CO2e/y (= 1,106 – 381 kt CO2e/y), due to the installation of 

IBWT and PBB systems to trap and utilise the methane emitted from by-products (e.g., POME, 

EFB, and PKS).  Meanwhile, TE contributes the smallest amount of GHGOPVC with 

insignificant changes in the OPVC developed.  Lastly, the distribution of FFB from OPPs to 

POMs is shown in Figures 8.4 and 8.5 for conventional and optimised value chain developed.  

It is noted that the amount of FFB transported increases; however, the distribution network 

remains the same for both OPVC cases. 
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Figure 8.4. Breakdown of total GHG emissions, GHGOPVC in kt CO2e/y. 

 

 

Figure 8.5. Distribution of FFB from OPPs to POMs in conventional OPVC. 
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Figure 8.6. Distribution of FFB from OPPs to POMs in conventional OPVC. 

 

8.4.2. Scenario 2: Consideration of Collaboration Reliability Index (CRIm) 

In this scenario, the CRIm is considered and satisfied within a defined boundary in the 

OPVC network developed.  Note that FFB is used as the material precursor for assessing the 

upper and lower bounds of CRIm.  It begins with the determination of upper bounds (i.e., 

U

OPVCEP , and U

FFBCRI ) and lower bounds (i.e., L

OPVCEP , and L

FFBCRI ) for each fuzzy range.  It is 

assumed that both OPP and POM have agreed for a minimum of 50 kt/y FFB must be 
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transported to initiate any logistic course.  In this respect, addition constraint given in Eq. 8.24 

is included 

min

,FFB, ,FFB, ,FFB,Fso si so si so siF B  ∀so, ∀si (8.24) 

where Fso,FFB,si, Bso,FFB,si, and min

,FFB,Fso si  represent the flowrate of FFB from source so to sink si, 

binary variable for the participation of site st, and minimum FFB transported from source so to 

sink si, respectively.  Table 8.8 shows the upper and lower bounds for EPOPVC, and CRIFFB 

obtained. 

 

Table 8.8. Upper and lower bounds for EPOPVC, CIFFB, and CRIFFB. 

 Upper bound Lower bound 

EPOPVC (million US$/y) 220.18 216.16 

CRIFFB 28 8 

 

The optimisation objective is then set to maximise λ, as shown in Eq. 8.25. 

Maximise λ (8.25) 

Constraints given in Eqs. 8.1 - 8.10 and 8.13 - 8.22 are used to solve the mixed-integer non-

linear programming (MINLP) model.  Data in Tables 8.1 – 8.5 are used, and only the 

information for optimised OPP and POM are selected.  Based on the upper and lower bounds 

determined, Eqs. 8.17 and 8.18 are modified into Eq. 8.26 and 8.27, respectively. 

OPVC 216.16

220.18 216.16

EP


−


−
 (8.26) 

FFB 8

28 8

CRI


−


−
 (8.27) 
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The model consists of 1,079 continuous variables with 56 integer variables and 1,123 

constraints, solved within two seconds of computational time.  Table 8.9 summarises the 

results attained as compared to optimised OPVC network developed in Scenario 1. 

 

Table 8.9. Results for Scenario 2. 
 

Scenario 1 Scenario 2 Difference 

Gross profit, GPOPVC (million US$/y) 238.65 237.20 -1.45 

Total annualised costs, TAC (million US$/y) 105.69 107.14 +1.45 

   Annualised plantation costs, APTC (million US$/y) 37.39 37.39 0 

   Annualised processing costs, APC (million US$/y) 53.87 53.87 0 

   Annual transportation costs, ATC (million US$/y) 14.43 15.88 +1.45 

Economic performance, EPOPVC (million US$/y) 220.18 218.73 -1.45 

Collaboration reliability index, CRIFFB 11 20 +9 

Overall degree of satisfaction, λ - 0.64 - 

Total GHG emissions, GHGOPVC (kt CO2e/y) 1,878 1,880 +1.87 

   GHG emissions from plantation, PTE (kt CO2e/y) 1,484 1,484 0 

   GHG emissions from processing, PE (kt CO2e/y) 381 381 0 

   GHG emissions from transportation, TE (kt CO2e/y) 13 15 +1.87 

 

The optimum global solution satisfies the targeted λ with a value of 0.64.  Note that the 

highest value of λ is targeted to optimise all the objectives.  The EPOPVC and CRIFFB of this 

scenario are targeted at 218.73 million US$/y and 20, respectively.  Based on the optimised 

results, EPOPVC decreases by 1.45 million US$/y (=238.65 – 237.20 million US$/y) as 

compared to the previous scenario.  Higher CRIm value in this scenario (20 as compared to 11 

previously) indicates a more widespread distribution of FFB within the OPVC network 

developed, as shown in Table 8.10.  In this respect, both ATC and TE increases by 1.45 million 

US$/y and 1.87 kt CO2e/y, respectively.  As all the OPPs and processing facilities remain 

operated, no changes in terms of costs and GHG emissions for plantation and processing, 

respectively, are observed. 
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Following that, CRIFFB is contrasted against the EPOPVC generated to study the 

relationship between both of the objectives considered.  The analysis is performed by fixing 

and adding the value of CRIFFB in steps, beginning from L

FFBCRI , or vice versa.  Figure 8.7 

shows a graphical representation for the pareto-optimal front between CRIFFB and EPOPVC.  The 

figure suggests that EPOPVC increases as CRIFFB increases from 8 and plateaus at 11.  Beyond 

that, EPOPVC decreases with CRIFFB due to higher ATC required to transport FFB from an OPP 

to several POMs. 

 

Table 8.10. Distribution of FFB from OPPs to POMs in Scenario 2. 

Sites st POM 1 POM 2 POM 3 POM 4 POM 5 POM 6 POM 7 

OPP 1 206.9 0 0 0 0 0 0 

OPP 2 50.0 65.5 50 0 0 0 0 

OPP 3 50.0 53.5 0 0 0 0 0 

OPP 4 0 50.0 222.4 50.0 50.0 0 0 

OPP 5 0 98.3 50.0 50.0 50.0 0 0 

OPP 6 0 0 0 0 50.0 50.0 86.2 

OPP 7 0 0 0 0 0 50.0 115.5 

OPP 8 0 0 0 0 0 74.1 50.0 

 

 

Figure 8.7. Pareto-optimal front for the CRIm against EPOPVC. 
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8.5. Summary 

In this chapter, a novel systematic approach is developed to synthesise an integrated 

OPVC network for higher value productions.  The proposed approach consists of an IOM 

incorporated with superstructure model to consider spatial distribution and interconnectivity 

among different systems or processes.  In order to demonstrate the proposed method, a Johorian 

OPVC case study consists of eight OPPs, seven POMs, three KCPs, two PORs, and a port is 

adopted and solved.  The results demonstrated that the EPOPVC improves significantly from 

167.04 to 220.18 million US$/y with the changes in OPP and POM, from conventional to 

optimised designs.  Meanwhile, the changes in OPP and POM designs reduces GHGOPVC 

substantially, from 199.88 to 63.29 kt CO2e/y.  Such reduction is mainly due to the introduction 

of IBWT and PBB systems to trap and utilise the methane emitted from by-products generated 

in POMs.  Subsequently, a more reliable network configuration is determined by considering 

both the CRIm and EPOPVC the OPVC network developed via a fuzzy optimisation approach.  

This ensures more strategic sourcing of materials, and therefore, improves the likelihood of 

successful implementation for the value chain network developed.  Lastly, a pareto-optimal 

front is plotted to predict the EPOPVC generated based on the changes in CRIm. 
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 Conclusions and Future Works 

 

9.1. Conclusions 

In this thesis, the background of the study, followed by the prospects and challenges in 

the development of a sustainable oil palm value chain (OPVC) are first introduced.  The aim 

and objectives of this research work are then determined and presented in Chapter 1.  Following 

this, Chapter 2 presents an extensive literature review on the OPVC and process system 

engineering (PSE) approaches developed over the years.  Based on the research gaps 

highlighted in Chapter 3, several research scopes and the research methodology are then 

presented.  Next, various systematic approaches are developed in Chapters 4 to 8, and the key 

contributions of this thesis are summarised as the followings: 

(i) A systematic approach for synthesis and optimisation of the palm oil milling process 

was presented in Chapter 4.  An optimal palm oil mill (POM) flowsheet was 

synthesised via single- and multi-period optimisation approaches to achieve higher 

economic performance while considering the variation in fresh fruit bunch (FFB) 

availability, ensure a robust POM design developed.  An economic feasibility study 

is also performed to evaluate the impact of changes in material prices. 

(ii) A systematic approach to optimise and analyse the milling process synthesised was 

presented in Chapter 5.  The proposed method consists of an IOM, followed by a 

single-process feasible operating range (FORA), illustrated with the palm oil milling 

process synthesised in Chapter 4.  This approach offers a decision-making tool for 

designers to determine the capital investments needed for a particular input or output 

specified.  Besides, it serves as a debottlenecking tool to identify bottlenecking 
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technologies and provides debottlenecking strategies based on the benefit-cost ratio, 

BCR. 

(iii) A systematic approach for synthesis and optimisation of the integrated biogas and 

wastewater (IBWT) system was presented in Chapter 6.  Multi-period optimisation 

approach was incorporated to simultaneously perform technology and design capacity 

selection while considering variation in palm oil mill effluent (POME) supply, with 

and without access to the national grid connections.  This approach can also be used 

as an analysis tool provide strategies to promote biogas utilisation from POME via 

bio-compressed natural gas (bioCNG) subsidisation, incentivising carbon emission 

reduction (CER) schemes, or combination of both. 

(iv) A systematic approach was developed to form an oil palm-based industrial symbiosis 

(OPIS) coalition, which improves the economic and environmental sustainability of 

the oil palm industry in Chapter 7.  A multiple-processes FORA is performed to 

determine the global feasible operating range and bottlenecking process in the 

developed OPIS coalition.  Via this approach, the changes in utilisation, flexibility, 

and economic performance of each processing facility, as well as the alliance formed, 

can be estimated accurately with respect to the changes in FFB feedstock processed. 

(v) A systematic approach was developed to integrate and optimise a sustainable OPVC 

while considering the spatial distribution and interconnectivity among different 

systems or processes in Chapter 8.  The proposed framework consists of an IOM, 

enhanced with superstructure and fuzzy optimisation approaches to trade-off between 

collaboration reliability index, CRIm and economic performance, EPOPVC generated, 

ensuring the stability of the optimised value chain developed.  In this chapter, an 

actual case study in Johor state was demonstrated and solved via the proposed 

approach. 
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9.2. Future Works 

This thesis presented various systematic approaches to synthesise, optimise, integrate, 

and analyse different processes or systems in developing a sustainable OPVC for the industry.  

Despite that, several key aspects are identified as opportunities to enhance the approaches 

developed.  These potential future works are provided as follows: 

 

9.2.1. Approaches for Uncertainties in the Real-World Application 

The term ‘risk’ can be used to describe the threats posed by uncertainties and the 

response to such threats (Alaszewski and Coxon, 2009).  As the industrial world continues to 

become more competitive, more sophisticated PSE approaches beyond the multi-period 

approach are required to deal with the tighter measurement of tolerance for risks.  Methods 

such as the Monte Carlo sampling (Hastings, 1970) and stochastic programming (Santoso et 

al., 2005) approaches can then be incorporated to generate a finite number of uncertain 

parameters scenarios. Each scenario is assigned with a fixed probability distribution and the 

outcomes are collected to provide strategies in risk management.  However, the model size 

must be selected with extra caution, especially when a large number of scenarios are computed 

to avoid excessive computational costs. 

 

9.2.2. Criticality Analysis for Risk Evaluation 

The OPVC is a highly integrated system with strong interdependency among various 

systems and processes.  Not to mention, each process within the OPVC consists of multiple 

equipment units.  Such interdependency results in the risk of propagation of cascading failures 

within the network, where disturbances in the operation of one component results in ripple 
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effects that affect the other units in the system (Benjamin et al., 2014).  In this respect, a 

criticality analysis could be performed based on the reduced cost in the optimised results to 

identify the most crucial component within the value chain.  The reduced cost can be interpreted 

as the amount of penalty in objective function (the economic performance, EP in this case) for 

any changes in that particular variable by one unit (LINDO Systems Inc., 2017).  Such 

information can thus be used as an important input for risk evaluation. 

 

9.2.3. Comprehensive Life Cycle Assessment (LCA) and Optimisation 

(LCO) 

According to Hansmann et al. (2012), true sustainability is the balance between three 

pillars of sustainability, namely the balance economic, social, and environmental sustainability 

aspects in equal harmony.  In this thesis, the priority is focused on maximising the economic 

aspect in optimising and developing the entire OPVC.  Meanwhile, the environmental aspect 

considered in this thesis is limited to carbon emissions alone.  Apart from that, other 

environmental elements such as pollutions, water, land footprints, etc. and social aspects have 

yet to be considered in the thesis.  Therefore, a comprehensive life cycle assessment (LCA) is 

necessary to identify these crucial aspects in the development of the oil palm industry.  The 

same time, multi-objective optimisation can be implemented for life cycle optimisation (LCO) 

in developing a truly sustainable OPVC to be competitive in the industry. 

 

9.2.4. Resource Nexus in the Oil Palm Industry 

Resources such as food, nutrients, energy and water are fundamental for maintaining 

and improving the quality of life.  Nevertheless, resources depletion is an inevitable challenge 

faced globally due to competing demands and finite resources availability (Economics Online, 
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2008).  The security of each area within the nexus is very much interconnected to one another 

(FAO, 2014).  In other words, the actions in any particular area often may affect the other areas.  

Therefore, the term “resource nexus” is defined as a set of context-specific critical interlinkages 

between two or more natural resources used in delivery chains in systems (VanDeveer et al., 

2019).  In the OPVC, nutrients, land, water, and energy are required simultaneously to produce 

palm-based and other valuable green-products.  Palm oil can be consumed or converted into 

biofuels, resulting in the so-called food versus fuel debate.  When the priority to supply one or 

another product is not clear, an assessment of resource nexus  allocation using indicators such 

as the resource gain can be useful (Hang et al., 2017).  In this respect, PSE approaches serve 

as a tool to address relevant planning factors in the development of OPVC that are synergistic 

with the resource nexus.  Such approaches also provide decision-makers with more profound 

insights for decision and policy-making process to conserve natural resources consumption. 

 

9.2.5. Integrated Framework for Multiple Value Chains 

The agriculture sector remains an essential sector of Malaysia’s economy, contributing 

up to 12% of the national gross domestic product (GDP) in the year 2018.  As such, PSE 

approaches provides a platform for the integration of different value chains to exploit the value 

of other products and opportunities for co-operation.  Based on sufficient data and information 

provided, such model may be expanded to include other sectors such as manufacturing, 

infrastructure, and service sectors to compute the GDP of an entire nation as shown in Figure 

9.1. 
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Figure 9.1. Integrated framework for multiple value chains. 
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Appendices 

A.1. Costing and Conversion Data 

Table A.1. Costs and conversion data for POM technologies. 

Steriliser 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Horizontal 

Low-Pressure 

Steriliser 

1 million/unit FFB 1 t 0.87 t SFB 

3.0 

- 

* 

(Poku, 2002) 

20 t FFB LPS 0.25 t/t FFB 0.23 t POME 

 
Electricity 30 kW 

 
Operating cost 200 k/y 

Horizontal 

High-

Pressure 

Steriliser 

800 k/unit FFB 1 t 0.90 t SFB 

2.0 
(Noerhidajat et 

al., 2016) 

10 t FFB MPS 0.2 t/t FFB 0.19 t POME 

 
Electricity 30 kW 

 
Operating cost 220 k/y 

Vertical 

Steriliser 

1 million/unit FFB 1 t 0.87 t SFB 

4.0 (Poku, 2002) 
20 t FFB LPS 0.305 t/t FFB 0.23 t POME 

 
Electricity 40 kW 

 
Operating cost 120 k/y 

Tilted 

Steriliser 

1.2 million/unit FFB 1 t 0.90 t SFB 

2.5 (Loh, 2010) 
20 t FFB LPS 0.27 t/t FFB 0.23 t POME 

 
Electricity 75.4 kW 

 
Operating cost 180 k/y 

Crusher + 

Continuous 

Steriliser 

1.1 million /unit FFB 1 t 0.88 t SFB 

3.0 
(Kandiah et al., 

2006) 

20 t FFB LPS 0.36 t/t FFB 0.30 t POME 

 
Electricity 90 kW 

 
Operating cost 157.5 k/y 

Fruitlet 

Separation 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Rotating 

Drum 

225 k/unit SFB 1 t 0.76 t sterilised 

fruitlet 10.0 - 

* 

(Department of 

Industrial 

Works, 1997) 

40 t SFB Electricity 28 kW 

 Operating cost 33.75 k/y 0.24 t EFB 

Oil Recovery 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

EFB Screw 

Press 

120 k/unit EFB 1 t 0.1317 t recovered 

oil - 70.0 
* 

(MPOB, 2015) 
10 t EFB Electricity 15 kW 

 Operating cost 20 k/y 0.8683 t PEFB 

Digester 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Steam 

Injection 

Digester 

150 k/unit 
Sterilised 

fruitlet 
1 t 0.09 t steam lost 

- 
* 

(Poku, 2002) 
20 t sterilised 

fruitlet 

LPS 0.13 t/t FFB 
1.04 t digested 

fruitlet Electricity 18 kW 

 Operating cost 15 k/y  
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Table A.1 (cont’). Costs and conversion data for POM technologies. 

Pressing 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Screw Press 

100 k/unit Digested fruitlet 1 t 0.58 t pressed liquid 

5.0 

- 

* 

(PORIM, 1985) 20 t digested 

fruitlet 

Electricity 25 kW 0.42 t pressed cake 

Operating cost 20 k/y  

Double 

Pressing 

180 k/unit Digested fruitlet 1 t 0.60 t pressed liquid 

3.0 
(Harun et al., 

2015) 25 t digested 

fruitlet 

Electricity 40 kW 0.40 t pressed cake 

Operating cost 36 k/y  

Nut Fibre 

Separation 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Depericarper 

250 k/unit Press cake 1 t 0.59 t palm fruit nut 

- 

(HUATAI 

Cereals and Oils 

Machinery, 

2014) 

10 t pressed 

cake 

Electricity 68.6 kW 0.41 t PPF 

Operating cost 25 k/y  

Rotating 

Drum 

Separator 

200 k Press cake 1 t 0.58 t palm fruit nut (Obincowelds 

Construction 

Company Ltd., 

2015) 

10 t pressed 

cake 

Electricity 55.2 kW 0.42 t PPF 

Operating cost 30 k/y  

Nut Cracking 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Nutcracker 

130 k/unit Palm fruit nut 1 t 0.95 t cracked 

mixture  

- 

* 

(Hartley, 1988) 
8 t palm fruit nut Electricity 26.4 kW 

 Operating cost 26 k/y  

Double 

Cracker 

Ripple Mill 

175 k/unit Palm fruit nut 1 t 0.98 t cracked 

mixture (Maycock, 

1990) 
8 t palm fruit nut Electricity 35.3 kW 

 Operating cost 34 k/y  

Rolek 

Nutcracker 

180 k/unit Palm fruit nut 1 t 
0.99 t cracked 

mixture - (Rohaya et al., 

2006) 

10 t palm fruit 

nut 
Electricity 31.1 kW 

 Operating cost 36 k/y  

Light 

Particles 

Separation 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Air Cyclone 

70 k/unit Cracked mixture 1 kg 0.81 t cracked nut 

- 

* 

(Iezany, 2013) 8 t cracked 

mixture 

Electricity 18.6 kW 0.19 t PPF 

Operating cost 10 k/y  

Four-Stage 

Winnowing 

Column 

250 k/unit Cracked mixture 1 t 0.19 t PPF 
(Rohaya et al., 

2009, 2016) 15 t cracked 

mixture 

Electricity 29.2 kW 0.357 t PKS 

Operating cost 13 k/y 0.453 PK 

Palm Kernel 

Separation 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Clay Bath 

35 k/unit Cracked mixture 1 t 1.8 t POME 

- 

(Iezany, 2013) 
5 t cracked 

mixture 

Water 1.8 t/t cracked nut 0.571 t wet kernel 

Electricity 40.2 kW 0.429 t PKS 

 Operating cost 3.5 k/y  

Hydrocyclone 

40 k/unit Cracked mixture 1 t 1.7 t POME 

(Hartley, 1988) 
5 t cracked 

mixture 

Water 1.7 t/t cracked nut 0.571 t wet kernel 

Electricity 37.5 kW 0.429 t PKS 

 Operating cost 4 k/y  
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Table A.1 (cont’). Costs and conversion data for POM technologies. 

Palm Kernel 

Separation 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Modified 

Hydrocyclone 

50 k/unit Cracked mixture 1 t 1.5 t POME 

 * 
5 t cracked 

mixture 

Water 
1.5 t/t cracked the 

nut 
0.571 t wet kernel 

Electricity 30.5 kW 0.429 t PKS 

 Operating cost 5 k/y  

Kernel 

Drying 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Silo Dryer 

50 k/unit Wet kernel 1 t 0.95 t PK 

- * 
5 t wet kernel 

Electricity 37.1 kW 
 

Operating cost 5 k/y 

Clarification 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Two-Phase 

Decanter 

230 k/unit Pressed liquid 1 t 0.61 t organic phase 

4.0 

- 

(Jorgensen and 

Singh, 1980; 

Singh et al., 

1982) 

20 t pressed 

liquid 

Electricity 45 kW 0.39 t POME 

Operating cost 28 k/y  

Three-Phase 

Decanter 

300 k/unit Pressed liquid 1 t 0.58 t organic phase 

3.0 
(Alfa Laval, 

2015) 20 t pressed 

liquid 

Electricity 50 kW 0.33 t POME 

Operating cost 35 k/y 0.09 t decanter cake 

Vertical 

Clarifier 

150 k/unit Pressed liquid 1 t 0.54 t organic phase 

5.0 
(Dexter et al., 

2016) 

10 t pressed 

liquid 
Water 

0.696 t/t pressed 

liquid 

1.156 t aqueous 

phase 

 
Electricity 32 kW 

 

Operating cost 15 k/y 

Vacuum 

Clarifier 

265 k/unit Pressed liquid 1 t 0.52 t organic phase 

3.5 * 

10 t pressed 

liquid 
Water 

0.696 t/t pressed 

liquid 

1.176 t aqueous 

phase 

 
Electricity 43 kW 

 
Operating cost 27.5 k/y 

Purifying 

Technology 

Capital cost 

(US$) & 

Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 

Oil loss 

(%) 

Oil Rec. 

(%) 
Ref. 

Centrifugal 

Purifier 

390 k/unit Organic phase 1 t 0.968 t CPO 

- * 10 t organic 

phase 

Electricity 35 kW 0.032 t POME 

Operating cost 55 k/y  

Three-phase 

Decanter 

300 k/unit Aqueous phase 1 t 0.021 t recovered oil 

- 80.0 * 20 t aqueous 

phase 

Electricity 50 kW 0.87 t POME 

Operating cost 35,000/y 0.109 t DC 

 

Table A.2. Costs and conversion data for IBWT system technologies. 

Pre-treatment 

Technology & HRT 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of 

intermediate product 
Ref. 

Oil Recovery Pit 
25 k/unit POME 1 m³ 0.01 m³ oil recovered 

(Chaisri et al., 

2007) 
800 m³ Electricity 3 kW 0.99 m³ deoiled POME 

1.5 d  Operating cost 2.5 k/y  

Cooling Pond 
50 k/unit Deoiled POME 1 m³ 1 m³ cooled POME 

(Fang et al., 2011) 2,400 m³ Electricity 6 kW 
 

3 d  Operating cost 5 k/y 
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Table A.2 (cont’). Costs and conversion data for IBWT system technologies. 

Anaerobic Digestion 

Technology & HRT 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

Covered Lagoon 

155 k/unit Cooled POME 1 m³ 0.961 m³ anaerobically 

digested POME 
* 

(Dhir and Ram, 

2012; Poh and 

Chong, 2009) 

5,400 m³ Electricity 28 kW 

 

Operating cost 25.6 k/y 0.238 Nm³ CH4/kg COD 

 

97.8% COD removal 

80% BOD removal 

40 d 54.4% CH4 purity 

Membrane 

Anaerobic System 

400 k/unit Cooled POME 1 m³ 
0.947 m³ anaerobically 

digested POME 

(Abdurahman et al., 

2011; Fakhru’l-

Razi and Noor, 

1999; Ohimain and 

Izah, 2017) 

2,300 m³ Electricity 32 kW 0.014 t wet sludge 

715 k/unit Operating cost 8% capital cost/y 0.29 Nm³ CH4/kg COD 

5,100 m³ 

 

97.37% COD removal 

 
97.8% BOD removal 

71 d 70.3% CH4 purity 

Upflow Anaerobic 

Sludge Blanket 

330 k/unit Cooled POME 1 m³ 
0.947 m³ anaerobically 

digested POME 

* 

(Borja et al., 1996; 

Poh and Chong, 

2014; Wang et al., 

2015) 

2,300 m³ Electricity 16 kW 0.014 t wet sludge 

615 k/unit Operating cost 8% capital cost/y 0.24 Nm³ CH4/kg COD 

5,100 m³ 

 

98.4% COD removal 

 
90% BOD removal 

4 d 54.2% CH4 purity 

Upflow Anaerobic 

Sludge Fixed Film 

460 k/unit Cooled POME 1 m³ 
0.947 m³ anaerobically 

digested POME 
* 

(Najafpour et al., 

2006; Ohimain and 

Izah, 2017; 

Zinatizadeh et al., 

2006) 

2,300 m³ Electricity 24 kW 0.014 t wet sludge 

900 k/unit Fixed film 250/m³ of packing 0.325 Nm³ CH4/kg COD 

5,100 m³ Operating cost 8% capital cost/y 96.5% COD removal 

 
98% BOD removal 

3 d 71.9% CH4 purity 

Expanded Granular 

Sludge Blanket 

400 k/unit Operating cost 8% capital cost/y 
0.947 m³ anaerobically 

digested POME 

(Fang et al., 2011; 

Wang et al., 2015; 

Zhang et al., 2008a) 

2,300 m³ 
Sludge blanket 

150/m³ of sludge 

blanket 

0.014 t wet sludge 

770 k/unit 0.266 Nm³ CH4/kg COD 

5,100 m³ Electricity 24 kW 94.89% COD removal 

 
Cooled POME 1 m³ 95% BOD removal 

9.8 d  67.5% CH4 purity 

Continuous Stir Tank 

Reactor 

360 k/unit Cooled POME 1 m³ 
0.947 m³ anaerobically 

digested POME 
* 

(Igoni et al., 2008; 

Irvan et al., 2012; 

Ugoji, 1997)  

2,300 m³ Electricity 41 kW 0.17 Nm³ CH4/kg COD 

665 k/unit Operating cost 8% capital cost/y 80% COD removal 

5,100 m³ 
 

96.5% BOD removal 

18 d  62.5% CH4 purity 

Biogas Cleaning 

Technology 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

High-Pressure Water 

Scrubbing 

800 k/unit Raw biogas 1 Nm³ 99 % CH4 recovery (Miltner et al., 

2017; Rezaiyan and 

Cheremisinoff, 

2005) 

900 Nm³/h Electricity 57 kW 98% CH4 purity 

 Operating cost 10% capital cost/y  

Activated Carbon 

Bed Filter 

350 k/unit Raw biogas 1 Nm³ 98.5 % CH4 recovery * 

(Khan et al., 2017; 

Paturska et al., 

2015; Sun et al., 

2015) 

1,200 Nm³/h Electricity 26 kW CH4 purity remains 

 
Filter bed 1.8/Nm³ 

 

Operating cost 20% capital cost/y 
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Table A.2 (cont’). Costs and conversion data for IBWT system technologies. 

Biogas Cleaning 

Technology 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

Metal Oxide Bed 

Filter 

400 k/unit Raw biogas 1 Nm³ 98.1 % CH4 recovery 

 
600 Nm³/h Electricity 17 kW CH4 purity remains 

 
Filter bed 2.5/Nm³ 

 

Operating cost 10% capital cost/y 

Biological Scrubber 

200 k/unit Raw biogas 1 Nm³ 97% CH4 recovery 

* 310 Nm³/h Electricity 12 kW 8.1% CH4 dilution factor 

 Operating cost 12% capital cost/y  

Biogas Upgrading 

Technology 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

Upgrading 

Compressor 

210 k/unit Treated biogas 1 kg 1 kg compressed biogas 

* 

(Miltner et al., 

2017; Sun et al., 

2015; Theo et al., 

2017) 

1,000 Nm³/h 
Electricity 

0.174 kW/Nm³ 

treated biogas  

 
Operating cost 10 k/y 

Amine Absorption 

130 k/unit Compressed 

biogas 
1 Nm³ 97% CH4 recovery 

1,000 Nm³/h 

 
Electricity 21 kW 98% CH4 purity 

Operating cost 15% capital cost/y  

Gas Membrane 

160 k/unit Compressed 

biogas 
1 Nm³ 98.5% CH4 recovery 

1,000 Nm³/h 

 
Electricity 5 kW 99% CH4 purity 

Operating cost 10% capital cost/y  

Pressure Swing 

Adsorption 

200 k/unit Compressed 

biogas 
1 Nm³ 98% CH4 recovery 

1,000 Nm³/h 

 
Electricity 45 kW 98% CH4 purity 

Operating cost 8% capital cost/y  

Cryogenic Separation 

500 k/unit 
Compressed 

biogas 
1 Nm³ 99.9% CH4 recovery 

1,000 Nm³/h Electricity 78 kW 99.9% CH4 purity 

 Operating cost 6% capital cost/y  

Storage Compressor 

250 k/unit Purified biogas 1 kg 1 kg bioCNG 

800 Nm³/h 
Electricity 

0.234 kW/Nm³ 

treated biogas  

 
Operating cost 10 k/y 

Biogas Utilisation 

Technology 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

Gas Engine 

315 k/unit Treated biogas 1 Nm³ 40% engine efficiency * 

(Andiappan et al., 

2014; Olsson et al., 

2000; Theo et al., 

2017) 

1,000 kW Operating cost 8% capital cost/y 9.945 kW electricity 

 
60% heating efficiency 

50.72 kg hot flue gas 

Gas Turbine 

1.55 million/unit Treated biogas 1 Nm³ 33% engine efficiency 

* 

(Andiappan et al., 

2014; Olsson et al., 

2000; Theo et al., 

2017) 

1,000 kW Operating cost 5% capital cost/y 9.945 kW electricity 

 
67% heating efficiency 

50.72 kg hot flue gas 

Fire-tube boiler 
3.5 million/unit Treated biogas 1 Nm³ 50% heating efficiency 

40 t MPS Operating cost 4% capital cost/y 14.3 kg MPS 

Water-tube boiler 
1 million/unit Treated biogas 1 Nm³ 50% heating efficiency 

10 t HPS Operating cost 4% capital cost/y 13.9 kg HPS 
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Table A.2 (cont’). Costs and conversion data for IBWT system technologies. 

Biogas Utilisation 

Technology 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

HRSG 

750 k/unit Hot flue gas 1 kg 40% heating efficiency 

* 

(Andiappan et al., 

2015, 2014) 

50 t hot flue gas Boiler feedwater 0.0544 t 0.136 kg LPS 

 
Operating cost 6% capital cost/y 30% engine efficiency 

 0.091 kW electricity 

Steam turbine 

HPS turbine HP steam 1 kg 70% engine efficiency 

830 k/unit 
Operating cost 2% capital cost/y 0.0194 kW electricity 

1,000 kW 

MPS turbine MP steam 1 kg 70% engine efficiency 

610 k/unit 
Operating cost 2% capital cost/y 

0.0453 kW electricity 

500 kW 1 kg LPS 

Aerobic Digestion 

Technology & HRT 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

Aerobic Lagoon 

System 

140 k/unit Anaerobically 

digested POME 
1 m³ 

0.9116 m3 aerobically 

digested POME 
* 

(Ohimain and Izah, 

2017; Wong, 1980) 

5,400 m³ 

 

Electricity 22 kW 86.7% COD removal 

Operating cost 23.2 k/y 94% BOD removal 

31 d  0.0884 t wet sludge 

Aerobic membrane 

Bioreactor 

400 k/unit Anaerobically 

digested POME 
1 m³ 

0.9032 m3 aerobically 

digested POME 

(Damayanti et al., 

2011) 

2,200 m³ 

715 k/unit Electricity 32 kW 99% COD removal 

5,100 m³ Operating cost 8% capital cost/y 98% BOD removal 

13 d  0.0969 t wet sludge 

Sequencing Batch 

Reactor 

270 k/unit Anaerobically 

digested POME 
1 m³ 

0.9137 m3 aerobically 

digested POME 

* 

(Chan et al., 2011) 

2,200 m³ 

550 k/unit Electricity 27 kW 86.3% COD removal 

5,100 m³ Operating cost 5% capital cost/y 87% BOD removal 

1 d  0.0863 t wet sludge 

Extended Aeration 

System 

230 k/unit Anaerobically 

digested POME 
1 m³ 

0.9087 m3 aerobically 

digested POME 

* 

(Chan et al., 2012) 

2,200 m³ 

400 k/unit Electricity 30 kW 95.1% COD removal 

5,100 m³ Operating cost 5% capital cost/y 96.1% BOD removal 

6.5 d  0.0913 t wet sludge 

Polishing 

Technology 

Capital cost 

(US$) & Capacity 

Resource & 

Utilities 
Amount required 

Conversion of the 

intermediate product 
Ref. 

Physicochemical 

Treatment 

100 k/unit 
Aerobically 

treated POME 
1 m³ 0.95 m3 treated water * 

(Ahmed et al., 

2015; Zhang et al., 

2008b) 

30 m³/h Electricity 13 kW 99.9% COD removal 

 Operating cost 5% capital cost/y 98.8% BOD removal 

Electro Coagulation 

System 

200 k/unit 
Aerobically 

treated POME 
1 m³ 

0.9481 m3 boiler feed 

water 

(Ahmed et al., 

2015; Kobya et al., 

2006; Sontaya et 

al., 2013) 

30 m³/h Electricity 7.05 kW/m3 99.9% COD removal 

 

Electrode 0.515/m3 99.9% BOD removal 

Operating cost 5% capital cost/y  

Note: 

1. Gaseous materials are measured in normal cubic meter (Nm3) at 20 °C and 1.01325 bara 

2. Capital costs and operating cost for each technology are estimated based on current supplier availability.  
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3. Only maintenance costs were included in the operating cost calculation. Labour costs were not being considered in 

the model.  

4. The authors declare no competing financial interest 

* Industrial information obtained from Havy’s Oil Mill Sdn. Bhd. 

 

Table A.3. Process matrix table for CHP processing facility (Am,te,CHP). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 

Water tube boiler (t/h) 
HPS Turbine 

(t/h or kW) 

MPS Turbine 

(t/h or kW) 

HRSG 

(t/h) 

m = 1 FFB 0 0 0 0 0 0 

m = 2 Utility water 0 0 0 0 0 0 

m = 3 Steam lost 0 0 0 0 0 0 

m = 4 SFB 0 0 0 0 0 0 

m = 5 EFB 0 0 0 0 0 0 

m = 6 Sterilised fruitlet 0 0 0 0 0 0 

m = 7 Digested fruitlet 0 0 0 0 0 0 

m = 8 Pressed liquid 0 0 0 0 0 0 

m = 9 Pressed cake 0 0 0 0 0 0 

m = 10 Palm fruit nut 0 0 0 0 0 0 

m = 11 Cracked nut 0 0 0 0 0 0 

m = 12 Nut lost 0 0 0 0 0 0 

m = 13 Aqueous phase 0 0 0 0 0 0 

m = 14 Organic phase 0 0 0 0 0 0 

m = 15 CPO 0 0 0 0 0 0 

m = 16 PK 0 0 0 0 0 0 

m = 17 DC 0 0 0 0 0 0 

m = 18 PPF -1 0 0 0 0 0 

m = 19 LPS 0 0 0 0 0.0316 0 

m = 20 PKS 0 -1 0 0 0 0 

m = 21 PEFB 0 0 0 0 0 0 

m = 22 Recovered oil 0 0 0 0 0 0 

m = 23 POME 0 0 0 0 0 0 

m = 24 Deoiled POME 0 0 0 0 0 0 

m = 25 Hot flue gas 0 0 0 0 0 -1 

m = 26 Electricity 0 0 0 1 1 0 

m = 27 LHV 13388 17804 -5151.8 0 0 0 

m = 28 HPS 0 0 1 -0.0735 0 0 

m = 29 BFW 0 0 -1 0 0 -0.0544 

m = 30 Boiler ash 0.0423 0.039 0 0 0 0 

m = 31 MPS 0 0 0 0.0735 -0.0316 0.0544 

m = 32 CO2e 1.2 2.19 0 0 0 0 

m = 33 Hot air 0 0 0 0 0 1 

m = 34 Cooled POME 0 0 0 0 0 0 

m = 35 Raw biogas 0 0 0 0 0 0 

m = 36 
Anaerobically 

treated POME 
0 0 0 0 0 0 

m = 37 Pre-treated biogas 0 0 0 0 0 0 
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Table A.  (cont’). Process matrix table for CHP processing facility (Am,te,CHP). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 

Water tube boiler (t/h) 
HPS Turbine 

(t/h or kW) 

MPS Turbine 

(t/h or kW) 

HRSG 

(t/h) 

m = 38 
Aerobically 

treated POME 
0 0 0 0 0 0 

m = 39 Wet sludge 0 0 0 0 0 0 

m = 40 Wastewater 0 0 0 0 0 0 

m = 41 Treated water 0 0 0 0 0 0 

m = 42 Water lost 0 0 0 0 0 0 

m = 43 Thicken sludge 0 0 0 0 0 0 

m = 44 Bio-solid 0 0 0 0 0 0 

m = 45 Dried EFB 0 0 0 0 0 0 

m = 46 DLF 0 0 0 0 0 0 

m = 47 Shredded EFB 0 0 0 0 0 0 

m = 48 Biofertiliser 0 0 0 0 0 0 

m = 49 Charcoal 0 0 0 0 0 0 

 

Table A.4. Process matrix table for IBWT processing facility (Am,te,IBWT). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 

Oil 

Recovery 

Pit (t/h) 

Cooling 

Pond 

(t/h) 

Upflow 

Anaerobic 

Sludge 

Fixed 

Film (t/h) 

Biological 

scrubber 

(t/h) 

Gas engine  

(t/h or kW) 

Extended 

Aeration 

System 

(t/h) 

Physico-

chemical 

Treatment 

(t/h) 

m = 1 FFB 0 0 0 0 0 0 0 

m = 2 Utility water 0 0 0 0 0 0 0 

m = 3 Steam lost 0 0 0 0 0 0 0 

m = 4 SFB 0 0 0 0 0 0 0 

m = 5 EFB 0 0 0 0 0 0 0 

m = 6 Sterilised fruitlet 0 0 0 0 0 0 0 

m = 7 Digested fruitlet 0 0 0 0 0 0 0 

m = 8 Pressed liquid 0 0 0 0 0 0 0 

m = 9 Pressed cake 0 0 0 0 0 0 0 

m = 10 Palm fruit nut 0 0 0 0 0 0 0 

m = 11 Cracked nut 0 0 0 0 0 0 0 

m = 12 Nut lost 0 0 0 0 0 0 0 

m = 13 Aqueous phase 0 0 0 0 0 0 0 

m = 14 Organic phase 0 0 0 0 0 0 0 

m = 15 CPO 0 0 0 0 0 0 0 

m = 16 PK 0 0 0 0 0 0 0 

m = 17 DC 0 0 0 0 0 0 0 

m = 18 PPF 0 0 0 0 0 0 0 

m = 19 LPS 0 0 0 0 0 0 0 

m = 20 PKS 0 0 0 0 0 0 0 

m = 21 PEFB 0 0 0 0 0 0 0 

m = 22 Recovered oil 0.0097 0 0 0 0 0 0 

m = 23 POME -1 0 0 0 0 0 0 

m = 24 Deoiled POME 0.9903 -1 0 0 0 0 0 
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Table A.4 (cont’). Process matrix table for IBWT processing facility (Am,te,IBWT). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 

Oil 

Recovery 

Pit (t/h) 

Cooling 

Pond 

(t/h) 

Upflow 

Anaerobic 

Sludge 

Fixed 

Film (t/h) 

Biological 

scrubber 

(t/h) 

Gas engine  

(t/h or kW) 

Extended 

Aeration 

System 

(t/h) 

Physico-

chemical 

Treatment 

(t/h) 

m = 25 Hot flue gas 0 0 0 0 0.0077 0 0 

m = 26 Electricity 0 0 0 0 1 0 0 

m = 27 LHV 0 0 0 0 0 0 0 

m = 28 HPS 0 0 0 0 0 0 0 

m = 29 BFW 0 0 0 0 0 0 0 

m = 30 Boiler ash 0 0 0 0 0 0 0 

m = 31 MPS 0 0 0 0 0 0 0 

m = 32 CO2e 0 0 0 0 0.00065 0 0 

m = 33 Hot air 0 0 0 0 0 0 0 

m = 34 Cooled POME 0 1 -1 0 0 0 0 

m = 35 Raw biogas 0 0 32.981 -1 0 0 0 

m = 36 
Anaerobically 

treated POME 
0 0 0.953 0 0 -1 0 

m = 37 
Pre-treated 

biogas 
0 0 0 1.05 -0.3779 0 0 

m = 38 
Aerobically 

treated POME 
0 0 0 0 0 0.9087 -1 

m = 39 Wet sludge 0 0 0.014 0 0 0.0913 0 

m = 40 Wastewater 0 0 0 0 0 0 0 

m = 41 Treated water 0 0 0 0 0 0 0.95 

m = 42 Water lost 0 0 0 0 0 0 0.05 

m = 43 Thicken sludge 0 0 0 0 0 0 0 

m = 44 Bio-solid 0 0 0 0 0 0 0 

m = 45 Dried EFB 0 0 0 0 0 0 0 

m = 46 DLF 0 0 0 0 0 0 0 

m = 47 Shredded EFB 0 0 0 0 0 0 0 

m = 48 Biofertiliser 0 0 0 0 0 0 0 

m = 49 Charcoal 0 0 0 0 0 0 0 
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Table A.5. Process matrix table for POM processing facility (Am,te,POM). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 te = 8 te = 9 te = 10 te = 11 te = 12 

Tilted 

steriliser 

(t/h) 

Rotating 

drum 

separator 

(t/h) 

Oil 

pressing 

screw 

(t/h) 

Steam 

injection 

digester 

(t/h) 

Double 

screw 

press 

(t/h) 

Depri-

carper 

(t/h) 

Rolek 

nutcracker 

(t/h) 

Four-stage 

winnowing 

column 

(t/h) 

Vertical 

clarifier 

(t/h) 

Oil 

recovery 

(t/h) 

Vacuum 

dryer 

(t/h) 

Three- 

phase 

decanter 

(t/h) 

m = 1 FFB -1 0 0 0 0 0 0 0 0 0 0 0 

m = 2 Utility water 0 0 0 0 0 0 0 0 -0.696 0 0 0 

m = 3 Steam lost 0.17 0 0 0.116 0 0 0 0 0 0 0.138 0 

m = 4 SFB 0.9 -1 0 0 0 0 0 0 0 0 0 0 

m = 5 EFB 0 0.24 -1 0 0 0 0 0 0 0 0 0 

m = 6 Sterilised fruitlet 0 0.76 0 -1 0 0 0 0 0 0 0 0 

m = 7 Digested fruitlet 0 0 0 1.04 -1 0 0 0 0 0 0 0 

m = 8 Pressed liquid 0 0 0 0 0.6 0 0 0 -1 0 0 0 

m = 9 Pressed cake 0 0 0 0 0.4 -1 0 0 0 0 0 0 

m = 10 Palm fruit nut 0 0 0 0 0 0.59 -1 0 0 0 0 0 

m = 11 Cracked nut 0 0 0 0 0 0 0.99 -1 0 0 0 0 

m = 12 Nut lost 0 0 0 0 0 0 0.01 0 0 0 0 0 

m = 13 Aqueous phase 0 0 0 0 0 0 0 0 1.156 0 0 -1 

m = 14 Organic phase 0 0 0 0 0 0 0 0 0.54 0 -1 0 

m = 15 CPO 0 0 0 0 0 0 0 0 0 0.36 0.828 0 

m = 16 PK 0 0 0 0 0 0 0 0.453 0 0 0 0 

m = 17 DC 0 0 0 0 0 0 0 0 0 0 0 0.113 

m = 18 PPF 0 0 0 0 0 0.41 0 0.19 0 0 0 0 

m = 19 LPS -0.3 0 0 -0.156 0 0 0 0 0 0 0 0 

m = 20 PKS 0 0 0 0 0 0 0 0.357 0 0 0 0 

m = 21 PEFB 0 0 0.868 0 0 0 0 0 0 0 0 0 

m = 22 Recovered oil 0 0 0.132 0 0 0 0 0 0 -1 0 0.02 

m = 23 POME 0.23 0 0 0 0 0 0 0 0 0.64 0.034 0.867 

m = 24 Deoiled POME 0 0 0 0 0 0 0 0 0 0 0 0 

m = 25 Hot flue gas 0 0 0 0 0 0 0 0 0 0 0 0 
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Table A.5 (cont’). Process matrix table for POM processing facility (Am,te,POM). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 te = 8 te = 9 te = 10 te = 11 te = 12 

Tilted 

steriliser 

(t/h) 

Rotating 

drum 

separator 

(t/h) 

Oil 

pressing 

screw 

(t/h) 

Steam 

injection 

digester 

(t/h) 

Double 

screw 

press 

(t/h) 

Depri-

carper 

(t/h) 

Rolek 

nutcracker 

(t/h) 

Four-stage 

winnowing 

column 

(t/h) 

Vertical 

clarifier 

(t/h) 

Oil 

recovery 

(t/h) 

Vacuum 

dryer 

(t/h) 

Three- 

phase 

decanter 

(t/h) 

m = 26 Electricity 0 0 0 0 0 0 0 0 0 0 0 0 

m = 27 LHV 0 0 0 0 0 0 0 0 0 0 0 0 

m = 28 HPS 0 0 0 0 0 0 0 0 0 0 0 0 

m = 29 BFW 0 0 0 0 0 0 0 0 0 0 0 0 

m = 30 Boiler ash 0 0 0 0 0 0 0 0 0 0 0 0 

m = 31 MPS 0 0 0 0 0 0 0 0 0 0 0 0 

m = 32 CO2e 0 0 0 0 0 0 0 0 0 0 0 0 

m = 33 Hot air 0 0 0 0 0 0 0 0 0 0 0 0 

m = 34 Cooled POME 0 0 0 0 0 0 0 0 0 0 0 0 

m = 35 Raw biogas 0 0 0 0 0 0 0 0 0 0 0 0 

m = 36 
Anaerobically 

treated POME 
0 0 0 0 0 0 0 0 0 0 0 0 

m = 37 Pre-treated biogas 0 0 0 0 0 0 0 0 0 0 0 0 

m = 38 
Aerobically 

treated POME 
0 0 0 0 0 0 0 0 0 0 0 0 

m = 39 Wet sludge 0 0 0 0 0 0 0 0 0 0 0 0 

m = 40 Wastewater 0 0 0 0 0 0 0 0 0 0 0 0 

m = 41 Treated water 0 0 0 0 0 0 0 0 0 0 0 0 

m = 42 Water lost 0 0 0 0 0 0 0 0 0 0 0 0 

m = 43 Thicken sludge 0 0 0 0 0 0 0 0 0 0 0 0 

m = 44 Bio-solid 0 0 0 0 0 0 0 0 0 0 0 0 

m = 45 Dried EFB 0 0 0 0 0 0 0 0 0 0 0 0 

m = 46 DLF 0 0 0 0 0 0 0 0 0 0 0 0 

m = 47 Shredded EFB 0 0 0 0 0 0 0 0 0 0 0 0 

m = 48 Biofertiliser 0 0 0 0 0 0 0 0 0 0 0 0 

m = 49 Charcoal 0 0 0 0 0 0 0 0 0 0 0 0 
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Table A.6. Process matrix table for PBB processing facility (Am,te,PBB). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 te = 8 te = 9 

Sludge 

holding tank 

(t/h) 

Belt filter 

press (t/h) 

Steam dryer 

(t/h) 

Hot air dryer 

(t/h) 

DLF 

production (t/h) 

EFB shredder 

(t/h) 

Water 

(t/h) 

Composting 

(t/h) 

Carbonisation 

(t/h) 

m = 1 FFB 0 0 0 0 0 0 0 0 0 

m = 2 Utility water 0 0 0 0 0 0 0 0 0 

m = 3 Steam lost 0 0 0 0 0 0 0 0 0 

m = 4 SFB 0 0 0 0 0 0 0 0 0 

m = 5 EFB 0 0 0 0 0 0 0 0 0 

m = 6 Sterilised fruitlet 0 0 0 0 0 0 0 0 0 

m = 7 Digested fruitlet 0 0 0 0 0 0 0 0 0 

m = 8 Pressed liquid 0 0 0 0 0 0 0 0 0 

m = 9 Pressed cake 0 0 0 0 0 0 0 0 0 

m = 10 Palm fruit nut 0 0 0 0 0 0 0 0 0 

m = 11 Cracked nut 0 0 0 0 0 0 0 0 0 

m = 12 Nut lost 0 0 0 0 0 0 0 0 0 

m = 13 Aqueous phase 0 0 0 0 0 0 0 0 0 

m = 14 Organic phase 0 0 0 0 0 0 0 0 0 

m = 15 CPO 0 0 0 0 0 0 0 0 0 

m = 16 PK 0 0 0 0 0 0 0 0 0 

m = 17 DC 0 0 0 0 0 0 0 0 0 

m = 18 PPF 0 0 0 0 0 0 0 0 0 

m = 19 LPS 0 0 0 0 0 0 0 0 0 

m = 20 PKS 0 0 0 0 0 0 0 0 -3 

m = 21 PEFB 0 0 -1 -1 0 -1 0 0 0 

m = 22 Recovered oil 0 0 0 0 0 0 0 0 0 

m = 23 POME 0 0 0 0 0 0 -1 0 0 

m = 24 Deoiled POME 0 0 0 0 0 0 0 0 0 

m = 25 Hot flue gas 0 0 0 0 0 0 0 0 0 

m = 26 Electricity 0 0 0 0 0 0 0 0 0 
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Table A.6 (cont’). Process matrix table for PBB processing facility (Am,te,PBB). 

Material/Technology 

te = 1 te = 2 te = 3 te = 4 te = 5 te = 6 te = 7 te = 8 te = 9 

Sludge 

holding tank 

(t/h) 

Belt filter 

press (t/h) 

Steam dryer 

(t/h) 

Hot air dryer 

(t/h) 

DLF production 

(t/h) 

EFB shredder 

(t/h) 

Water 

(t/h) 

Composting 

(t/h) 

Carbonisation 

(t/h) 

m = 27 LHV 0 0 0 0 0 0 0 0 0 

m = 28 HPS 0 0 0 0 0 0 0 0 0 

m = 29 BFW 0 0 0 0 0 0 0 0 0 

m = 30 Boiler ash 0 0 0 0 0 0 0 0 0 

m = 31 MPS 0 0 -7.69 0 0 0 0 0 0 

m = 32 CO2e 0 0 0 0 0 0 0 0.18 0 

m = 33 Hot air 0 0 0 -7.65 0 0 0 0 0 

m = 34 Cooled POME 0 0 0 0 0 0 0 0 0 

m = 35 Raw biogas 0 0 0 0 0 0 0 0 0 

m = 36 
Anaerobically 

treated POME 
0 0 0 0 0 0 0 0 0 

m = 37 
Pre-treated 

biogas 
0 0 0 0 0 0 0 0 0 

m = 38 
Aerobically 

treated POME 
0 0 0 0 0 0 0 0 0 

m = 39 Wet sludge -1 0 0 0 0 0 0 0 0 

m = 40 Wastewater 0 0.75 0 0 0 0 0 0 0 

m = 41 Treated water 0 0 0 0 0 0 1 -3.878 0 

m = 42 Water lost 0 0 0.166 0.166 0.183 0.096 0 4.12 2 

m = 43 Thicken sludge 1 -1 0 0 0 0 0 0 0 

m = 44 Bio-solid 0 0.25 0 0 0 0 0 0 0 

m = 45 Dried EFB 0 0 0.834 0.834 -1.825 0 0 0 0 

m = 46 DLF 0 0 0 0 1 0 0 0 0 

m = 47 Shredded EFB 0 0 0 0 0.642 0.904 0 -1.422 0 

m = 48 Biofertiliser 0 0 0 0 0 0 0 1 0 

m = 49 Charcoal 0 0 0 0 0 0 0 0 1 
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A.2. LINGO codes 

A.2.2. Chapter 4 

A.2.2.1. Scenario 1 (Lingo Codes) 

!OBJECTIVE FUNCTION; 

MAX = EP_POM; 

 

!ECONOMIC POTENTIAL (EP) IN US$/Y BREAKDOWN CALCULATIONS; 

EP_POM = GP_POM - (CAPEX_POM * FACTOR); @FREE(EP_POM); 

 

!CONSTANT VALUE USED; 

AOT    = 4350;  !ANNUAL OPERATING TIME (H); 

ANOT   = 365 * 24 - AOT; !ANNUAL NON-OPERATING TIME (H); 

FACTOR = (IR*((1+IR)^(Y)))/ (((1+IR)^(Y))-1);!ANNUALISED FACTOR; 

IR     = 0.05;  !DISCOUNT RATE 5% PER ANNUM; 

Y      = 15;   !INDUSTRIAL LIFE SPAN OF 15 YEARS; 

 

!RAW MATERIALS BUYING PRICE; 

FFB_PRICE        = 0.121        ; !US$/KG (CHANGES WITH SEASONS); 

WATER_PRICE      = 0.00055      ; !US$/KG (FIXED); 

E_PRICE          = 1.2 * 0.08425; !US$/KW (FIXED); 

MPS_PRICE        = 1.2 * 0.017  ; !US$/KG (FIXED); 

LPS_PRICE        = 1.2 * 0.012  ; !US$/KG (FIXED); 

 

!PRODUCTS SELLING PRICE; 

CPO_PRICE        = 0.548; !US$/KG (CHANGES WITH SEASONS); 

PK_PRICE         = 0.389; !US$/KG (CHANGES WITH SEASONS); 

PEFB_PRICE       = 0.008; !US$/KG (CHANGES WITH SEASONS); 

PKS_PRICE        = 0.045; !US$/KG (CHANGES WITH SEASONS); 

PPF_PRICE        = 0.023; !US$/KG (CHANGES WITH SEASONS); 

DC_PRICE         = 0.043; !US$/KG (CHANGES WITH SEASONS); 

 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 

!PALM OIL MILL (POM) SECTION; 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 

 

!FRESH FRUIT BUNCH (FFB) FEED,KG PER HOUR; 

FFB = 60000; 

 

!FEED OIL CONTENT; 

OILPERCENTAGE_FFB    = 0.22; !FFB CONTAINS 22% OF OIL;  

OILPERCENTAGE_RO_ORP = 0.7;  !RO FROM ORP CONTAINS 70% OF OIL;  

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!LOW SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

OILCONTENT_FFB    = OILPERCENTAGE_FFB    * FFB   ;  

OILCONTENT_RO_ORP = OILPERCENTAGE_RO_ORP * RO_ORP; 

 

!RECOVERED OIL FROM OIL RECOVERY PIT; 

RO_ORP = 0.556 * OILCONTENT_POME/ OILPERCENTAGE_RO_ORP; 

 

!---------------------------------------------------------------------------------; 

!STERILISATION TECHNOLOGIES; 

@BIN(LPHS);  !LPHS = HORIZONTAL LOW-PRESSURE STERILISER; 

@BIN(HPHS);  !HPHS = HORIZONTAL HIGH-PRESSURE STERILISER; 

@BIN(VS);  !VS   = VERTICAL STERILISER; 

@BIN(TS); !TS   = TILTING STERILISER; 
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@BIN(CONS); !CONS = CRUSHER+CONTINUOUS STERELISER; 

 

!TO ENSURE ONLY ONE STERILISER TECHNOLOGY SELECTED; 

LPHS + HPHS + VS + TS + CONS = 1; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED FOR STERILISER; 

@GIN(LPHSunit); @GIN(HPHSunit); @GIN(VSunit); 

@GIN(TSunit);  @GIN(CONSunit); 

 

LPHSunit >= (FFB/20000) * LPHS; 

HPHSunit >= (FFB/10000) * HPHS; 

VSunit   >= (FFB/20000) * VS  ; 

TSunit   >= (FFB/20000) * TS  ; 

CONSunit >= (FFB/20000) * CONS; 

 

CC_LPHS = 1000000 * LPHSunit; 

CC_HPHS = 800000  * HPHSunit; 

CC_VS   = 1000000 * VSunit  ; 

CC_TS   = 1200000 * TSunit  ; 

CC_CONS = 1050000 * CONSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR STERILISER; 

OC_LPHS = 200000 * LPHSunit; 

OC_HPHS = 160000 * HPHSunit; 

OC_VS   = 120000 * VSunit  ; 

OC_TS   = 180000 * TSunit  ; 

OC_CONS = 157500 * CONSunit; 

 

!STEAM REQUIREMENT,(PER KG OF FFB) BY STERILISER; 

LPS_LPHS = 0.25  * FFB * LPHS; !LPS = LOW-PRESSURE STEAM; 

MPS_HPHS = 0.2   * FFB * HPHS; !MPS = MEDIUM-PRESSURE STEAM; 

LPS_VS   = 0.305 * FFB * VS  ; 

LPS_TS   = 0.25  * FFB * TS  ; 

LPS_CONS = 0.36  * FFB * CONS; 

 

!ELECTRICITY CONSUMPTION, KW BY STERILISER; 

E_LPHS = 30   * LPHSunit;  

E_HPHS = 17   * HPHSunit;  

E_VS   = 40   * VSunit  ;  

E_TS   = 75.4 * TSunit  ;  

E_CONS = 90   * CONSunit;  

 

!CONVERSION FOR STERILISER; 

SFB_LPHS = 0.87 * FFB * LPHS; !SFB = STERILISED FRUIT BUNCH; 

SFB_HPHS = 0.90 * FFB * HPHS; 

SFB_VS   = 0.87 * FFB * VS  ; 

SFB_TS   = 0.90 * FFB * TS  ; 

SFB_CONS = 0.88 * FFB * CONS; 

 

SFBtot   = SFB_LPHS + SFB_HPHS + SFB_VS + SFB_TS + SFB_CONS; 

 

STEAMLOSS_STERILISER = 0.15 * FFB * LPHS + 0.11 * FFB * HPHS + 0.205 * FFB * VS + 

0.15 * FFB * TS   + 0.18 * FFB * CONS; 

 

!POME GENERATED BY STERILISER; 

POME_LPHS = 0.23 * FFB * LPHS; 

POME_HPHS = 0.19 * FFB * HPHS; 

POME_VS   = 0.23 * FFB * VS  ; 

POME_TS   = 0.23 * FFB * TS  ; 

POME_CONS = 0.30 * FFB * CONS; 

 

POME_STERILISER = POME_LPHS + POME_HPHS + POME_VS + POME_TS + POME_CONS; 

 

!OIL LOSS IN STERILISER; 

OILCONTENT_LPHS = 0.97 * OILCONTENT_FFB * LPHS; 

OILCONTENT_HPHS = 0.98 * OILCONTENT_FFB * HPHS; 

OILCONTENT_VS   = 0.95 * OILCONTENT_FFB * VS  ; 

OILCONTENT_TS   = 0.975* OILCONTENT_FFB * TS  ; 
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OILCONTENT_CONS = 0.97 * OILCONTENT_FFB * CONS; 

 

OILCONTENT_SFB    = OILCONTENT_LPHS + OILCONTENT_HPHS + OILCONTENT_VS + 

OILCONTENT_TS + OILCONTENT_CONS;   !OIL REMAINING IN SFB; 

 

OILPERCENTAGE_SFB = OILCONTENT_SFB/ SFBtot; !OIL % IN SFB; 

 

!OIL CONTENT IN STERILISER POME;  

OILLOSS_STERILISER_POME = OILCONTENT_FFB - OILCONTENT_SFB; 

 

!OIL % IN STERILISER POME; 

OILPERCENTAGE_STERILISER_POME = OILLOSS_STERILISER_POME/ POME_STERILISER; 

 

!---------------------------------------------------------------------------------; 

!ROTATING DRUM; 

@BIN(THRESHER); 

 

!TO ENSURE THE THRESHER SELECTION; 

THRESHER = 1; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR THRESHER (PER KG OF SFB); 

@GIN(THRESHERunit); 

 

THRESHERunit >= (SFBtot/50000) * THRESHER; 

 

CC_THRESHER  =  225000 * THRESHERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR THRESHER; 

OC_THRESHER = 33750 * THRESHERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY THRESHER; 

E_THRESHER = 28 * THRESHERunit; 

 

!CONVERSION FOR THRESHER; 

SFRUIT = 0.76 * SFBtot * THRESHER; !SFRUIT=STERILISED FRUITLET; 

 

!EMPTY FRUIT BUNCH (EFB) PRODUCED BY THRESHER; 

EFB    = 0.24 * SFBtot * THRESHER; 

EFBtot = EFB; 

 

!OIL CONTENT IN STERILISED FRUITLET (SFRUIT); 

OILCONTENT_SFRUIT    = 0.965 * OILCONTENT_SFB * THRESHER; 

 

OILPERCENTAGE_SFRUIT = OILCONTENT_SFRUIT/ SFRUIT; 

 

!OIL CONTENT IN EFB; 

OILCONTENT_EFB    = OILCONTENT_SFB - OILCONTENT_SFRUIT; 

 

OILPERCENTAGE_EFB = OILCONTENT_EFB/ EFBtot; !OIL % IN EFB; 

 

!---------------------------------------------------------------------------------; 

!EFB OIL RECOVERY VIA OIL PRESSING; 

@BIN(OILPRESS); !OILPRESS = OIL PRESSING; 

 

!TO ENSURE THE OILPRESS SELECTION; 

OILPRESS = 1; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR EFB OIL RECOVERY (PER KG OF EFB); 

@GIN(OILPRESSunit); 

 

OILPRESSunit >= (EFBtot/10000) * OILPRESS; 

 

CC_OILPRESS  =  120000 * OILPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR OIL PRESSING;  

OC_OILPRESS = 20000 * OILPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY OIL PRESSING; 
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E_OILPRESS = 15 * OILPRESSunit; 

 

!CONVERSION FOR EFB OIL RECOVERY UNIT; 

RO_OILPRESS   = 0.1317 * EFBtot * OILPRESS; !RO=RECOVERED OIL; 

 

PEFB_OILPRESS = 0.8683 * EFBtot * OILPRESS; !PEFB GENERATED BY OIL PRESSING; 

 

!OIL RECOVERED IN RECOVERED OIL (RO); 

OILRECOVERED_RO_OILPRESS = 0.6 * OILCONTENT_EFB * OILPRESS; 

 

!OIL % IN RO_OILPRESS; 

OILPERCENTAGE_RO_OILPRESS = OILRECOVERED_RO_OILPRESS/ RO_OILPRESS;  

 

!OIL CONTENT IN PRESSED EMPTY FRUIT BUNCH (PEFB); 

OILCONTENT_PEFB    = OILCONTENT_EFB - OILRECOVERED_RO_OILPRESS; 

 

OILPERCENTAGE_PEFB = OILCONTENT_PEFB/ PEFBtot; !OIL % IN PEFB; 

 

!---------------------------------------------------------------------------------; 

!DIGESTER; 

@BIN(DIGESTER); !DIGESTER=STEAM INJECTION DIGESTER; 

 

!TO ENSURE THE DIGESTER SELECTION;  

DIGESTER = 1; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR DIGESTER (PER KG OF SFB); 

@GIN(DIGESTERunit); 

 

DIGESTERunit >= (SFRUIT/20000) * DIGESTER; 

 

CC_DIGESTER = 150000 * DIGESTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR DIGESTER; 

OC_DIGESTER = 15000 * DIGESTERunit; 

 

!STEAM CONSUMPTION,(PER KG OF FFB) BY DIGESTER; 

LPS_DIGESTER = 0.13 * SFRUIT; 

 

!ELECTRICITY CONSUMPTION, KW BY DIGESTER; 

E_DIGESTER = 18 * DIGESTERunit; 

 

!CONVERSION FOR DIGESTER UNIT; 

DF = 1.04 * SFRUIT * DIGESTER; !DF=DIGESTED FRUILET; 

 

STEAMLOSS_DIGESTER = 0.09 * SFRUIT * DIGESTER; 

 

!DIGESTED FRUITLET (DF) OIL CONTENT; 

OILCONTENT_DF = OILCONTENT_SFRUIT; 

 

OILPERCENTAGE_DF = OILCONTENT_DF/ DF;  

 

!---------------------------------------------------------------------------------; 

!PRESSING TECHNOLOGIES; 

@BIN(SPRESS); !SPRESS = SCREW PRESS;  

@BIN(DPRESS); !DPRESS = DOUBLE PRESSING; 

 

!TO ENSURE ONLY ONE PRESSING TECHNOLOGY SELECTED; 

SPRESS + DPRESS = 1; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PRESSING UNIT (PER KG OF DIGESTED 

FRUILTLET); 

@GIN(SPRESSunit);  @GIN(DPRESSunit); 

 

SPRESSunit >= (DF/20000) * SPRESS; 

DPRESSunit >= (DF/25000) * DPRESS; 

 

CC_SPRESS = 100000 * SPRESSunit; 

CC_DPRESS = 180000 * DPRESSunit; 
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!OPERATING COST (OC) IN US$/Y FOR PRESSING; 

OC_SPRESS = 20000 * SPRESSunit; 

OC_DPRESS = 36000 * DPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PRESSING; 

E_SPRESS = 25 * SPRESSunit; 

E_DPRESS = 40 * DPRESSunit; 

 

!CONVERSION FOR PRESSING UNIT; 

PL_SPRESS = 0.58 * DF * SPRESS; !PL=PRESSED LIQUID; 

PL_DPRESS = 0.60 * DF * DPRESS; 

 

PLtot     = PL_SPRESS + PL_DPRESS; 

 

PC_SPRESS = 0.42 * DF * SPRESS; !PC=PRESSED CAKE; 

PC_DPRESS = 0.40 * DF * DPRESS; 

 

PCtot     = PC_SPRESS + PC_DPRESS; 

 

!OIL CONTENT IN PRESED LIQUID (PL); 

OILCONTENT_PL_SPRESS = 0.95 * OILPERCENTAGE_DF * DF * SPRESS; 

OILCONTENT_PL_DPRESS = 0.97 * OILPERCENTAGE_DF * DF * DPRESS; 

 

!OIL REMAINING IN THE PL; 

OILCONTENT_PL    = OILCONTENT_PL_SPRESS + OILCONTENT_PL_DPRESS;  

 

!OIL % IN PL; 

OILPERCENTAGE_PL = OILCONTENT_PL/ PLtot;       

 

!OIL CONTENT IN PRESSED CAKE (PC); 

OILCONTENT_PC_SPRESS = 0.05 * OILPERCENTAGE_DF * DF * SPRESS; 

OILCONTENT_PC_DPRESS = 0.03 * OILPERCENTAGE_DF * DF * DPRESS; 

 

!OIL LOSS INTO PRESSED CAKE; 

OILCONTENT_PC    = OILCONTENT_PC_SPRESS + OILCONTENT_PC_DPRESS;  

 

OILPERCENTAGE_PC = OILCONTENT_PC/ PCtot; !OIL % IN PC; 

 

!------------------------------------------------------------------------------- -; 

!NUT SEPARATION TECHNOLOGIES; 

@BIN(DEPR);   !DEPR = DEPERICARPER; 

@BIN(HRDS);   !HRDS = HORIZONTAL ROTATING FRUM SEPARATOR; 

 

!TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

DEPR + HRDS = 1; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUT SEPARATION (PER KG OF PRESSED 

CAKE); 

@GIN(DEPRunit);  @GIN(HRDSunit); 

 

DEPRunit >= (PCtot/10000) * DEPR; 

HRDSunit >= (PCtot/10000) * HRDS; 

 

CC_DEPR = 250000 * DEPRunit; 

CC_HRDS = 200000 * HRDSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUT SEPARATION; 

OC_DEPR = 25000 * DEPRunit; 

OC_HRDS = 30000 * HRDSunit; 

 

!ELECTRICITY CONSUMPTION BY NUT SEPARATION; 

E_DEPR = 68.6 * DEPRunit; 

E_HRDS = 55.2 * HRDSunit; 

 

!CONVERSION FOR NUT SEPARATION; 

PFN_DEPR = 0.59 * PCtot * DEPR; !PFN=PALM FRUIT NUT; 

PFN_HRDS = 0.58 * PCtot * HRDS; 
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PFNtot = PFN_DEPR + PFN_HRDS; 

 

PPF_DEPR = 0.41 * PCtot * DEPR; !PPF=PALM PRESSED FIBRE; 

PPF_HRDS = 0.42 * PCtot * HRDS; 

 

!OIL CONTENT IN PALM PRESSED FIBRE (PPF); 

OILCONTENT_PPF    = OILCONTENT_PC; 

 

OILPERCENTAGE_PPF = OILCONTENT_PPF/ PPFtot; !OIL % IN PPF; 

!---------------------------------------------------------------------------------; 

!NUTCRACKER TECHNOLOGIES; 

@BIN(CRAC); !CRAC=NUT SILO+NUTCRACKER;  

@BIN(DCRM); !DCRM=DOUBLE CRACKER RIPPLE MILL; 

@BIN(ROLEK); !ROLEK=ROLEK NUTCRACKER; 

 

!TO ENSURE ONLY ONE CRACKING TECHNOLOGY SELECTED; 

CRAC + DCRM + ROLEK = 1;  

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUTCRACKER (PER KG OF PALM FRUIT 

NUT); 

@GIN(CRACunit);  @GIN(DCRMunit);  @GIN(ROLEKunit); 

 

CRACunit  >= (PFNtot/8000)  * CRAC ;  

DCRMunit  >= (PFNtot/8000)  * DCRM ; 

ROLEKunit >= (PFNtot/10000) * ROLEK; 

 

CC_CRAC  = 130000 * CRACunit ; 

CC_DCRM  = 175000 * DCRMunit ; 

CC_ROLEK = 180000 * ROLEKunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUTCRACKER; 

OC_CRAC  = 26000 * CRACunit ; 

OC_DCRM  = 35000 * DCRMunit ; 

OC_ROLEK = 36000 * ROLEKunit; 

 

!ELECTRICITY CONSUMPTION, KW BY NUTCRACKER; 

E_CRAC  = 26.4 * CRACunit ; 

E_DCRM  = 35.3 * DCRMunit ; 

E_ROLEK = 31.1 * ROLEKunit; 

 

!CONVERSION FOR NUTCRACKER UNIT; 

CRACKEDNUT_CRAC    = 0.95 * PFNtot * CRAC ; 

CRACKEDNUT_DCRM    = 0.98 * PFNtot * DCRM ; 

CRACKEDNUT_ROLEK   = 0.99 * PFNtot * ROLEK; 

 

UNCRACKEDNUT_CRAC  = 0.05 * PFNtot * CRAC ; 

UNCRACKEDNUT_DCRM  = 0.02 * PFNtot * DCRM ; 

UNCRACKEDNUT_ROLEK = 0.01 * PFNtot * ROLEK; 

 

CM1 = CRACKEDNUT_CRAC + CRACKEDNUT_DCRM; !CM=CRACKED MIXTURE; 

CM2 = CRACKEDNUT_ROLEK; 

 

!------------------------------------------------------------------------------- -; 

!LIGHT PARTICLE SEPARATION TECHNOLOGIES; 

@BIN(AC);   !AC=AIR CYCLONE; 

@BIN(COLUMN);  !COLUMN=4 STAGE WINNOWING COLUMN; 

 

!TO ENSURE ONLY ONE LIGHT PARTICLE SEPARATION TECHNOLOGY SELECTED; 

AC + COLUMN = 1;  

 

!TO ENSURE ONLY ONE PATHWAY SELECTED; 

AC * (CRAC + DCRM) + COLUMN * ROLEK = 1; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR LIGHT PARTICLE SEPARATION 

TECHNOLOGY (PER KG OF CRACKED MIXTURE); 

@GIN(ACunit); @GIN(COLUMNunit); 
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ACunit     >= (CM1/8000)  * AC    ; 

COLUMNunit >= (CM2/15000) * COLUMN; 

 

CC_AC     = 70000  * ACunit; 

CC_COLUMN = 250000 * COLUMNunit; 

 

!OPERATING COST (OC) IN US$/Y FOR LIGHT PARTICLE SEPARATION TECHNOLOGY; 

OC_AC     = 10000 * ACunit    ; 

OC_COLUMN = 13000 * COLUMNunit; 

 

!ELECTRICITY CONSUMPTION, KW BY LIGHT PARTICLE SEPARATION TECHNOLOGY; 

E_AC     = 18.6 * ACunit    ; 

E_COLUMN = 29.2 * COLUMNunit; 

 

!CONVERSION FOR LIGHT PARTICLE SEPARATION; 

CNtot    = 0.81  * CM1 * AC    ;  !CRACKED NUT GENERATED; 

PPF_AC     = 0.19  * CM1 * AC    ; !PPF GENERATED; 

PPF_COLUMN = 0.19  * CM2 * COLUMN; 

PKS_COLUMN = 0.357 * CM2 * COLUMN; !PKS GENERATED; 

PK_COLUMN  = 0.453 * CM2 * COLUMN; !PALM KERNEL GENERATED; 

 

!---------------------------------------------------------------------------------; 

!SHELL-KERNEL SEPARATION TECHNOLOGIES; 

@BIN(CB);  !CB=CLAY BATH; 

@BIN(HC);  !HC=HYDROCYCLONE; 

@BIN(MHC); !MHC=MODIFIED HYDROCYCLONE; 

 

!TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

CB + HC + MHC = 1; 

 

!CAPITAL COST (CC) IN US$ FOR SHELL-KERNEL SEPARATION (PER KG NUT CRACKED); 

@GIN(CBunit);     @GIN(HCunit);     @GIN(MHCunit); 

 

CBunit  >= (CNtot/5000) * CB ; 

HCunit  >= (CNtot/5000) * HC ; 

MHCunit >= (CNtot/5000) * MHC; 

 

CC_CB  = 35000 * CBunit ; 

CC_HC  = 40000 * HCunit ; 

CC_MHC = 50000 * MHCunit; 

 

!OPERATING COST (OC) IN US$/Y  FOR SHELL-KERNEL SEPARATION;  

OC_CB  = 3500 * CBunit  ; 

OC_HC  = 4000 * HCunit  ; 

OC_MHC = 5000 * MHCunit ; 

 

!ELECTRICITY CONSUMPTION, KW BY SHELL-KERNEL SEPARATION; 

E_CB  = 40.2 * CBunit ; 

E_HC  = 37.5 * HCunit ; 

E_MHC = 30.5 * MHCunit; 

 

!WATER CONSUMPTION, KG/H BY SHELL-KERNEL SEPARATION; 

WATER_CB  = 1.7 * CNtot * CB ; 

WATER_HC  = 1.5 * CNtot * HC ; 

WATER_MHC = 1.5 * CNtot * MHC; 

 

!CONVERSION FOR SHELL-KERNEL SEPARATION; 

WK_CB   = 0.571 * CNtot * CB ;   !WK=WET KERNEL; 

WK_HC   = 0.571 * CNtot * HC ; 

WK_MHC  = 0.571 * CNtot * MHC; 

 

WKtot   = WK_CB + WK_HC + WK_MHC; 

 

WW_CB   = 1.7   * CNtot * CB ;   !WW GENERATED BY SHELL-KERNEL 

SEPARATION; 

WW_HC   = 1.5   * CNtot * HC ; 

WW_MHC  = 1.5   * CNtot * MHC; 
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WWtot  = WW_CB + WW_HC + WW_MHC;  

 

PKS_CB  = 0.429 * CNtot * CB ;   !PKS=PALM KERNEL SHELL; 

PKS_HC  = 0.429 * CNtot * HC ; 

PKS_MHC = 0.429 * CNtot * MHC; 

 

PKS_SKS = PKS_CB + PKS_HC + PKS_MHC; 

 

!------------------------------------------------------------------------------ --; 

!WET KERNEL (WK) DRYING TECHNOLOGY; 

@BIN(SILO); !SILO=SILO DRYER; 

 

!TO ENSURE THE SILO SELECTION; 

SILO = 1;  

 

!CAPITAL COST (CC) IN US$ FOR SILO DRYER (PER KG OF WET KERNEL); 

@GIN(SILOunit); 

 

SILOunit >= (WKtot/5000) * SILO; 

CC_SILO   = 50000 * SILOunit; 

 

!OPERATING COST (OC) IN US$/Y FOR SILO DRYER;  

OC_SILO = 5000 * SILOunit * SILO; 

 

!ELECTRICITY CONSUMPTION, KW BY SILO DRYER; 

E_SILO = 37.1 * SILO * SILOunit; 

 

!CONVERSION FOR SILO DRYER UNIT; 

PK_SILO = 0.95 * WKtot * SILO;  !PK=DRY PALM KERNEL; 

 

!------------------------------------------------------------------------------- -; 

!CLARIFICATION TECHNOLOGIES; 

@BIN(TWPD); !2PD=2 PHASE DECANTER ; 

@BIN(THPD); !3PD=3 PHASE DECANTER ; 

@BIN(VC) ;  !VC=VERTICAL CLARIFIER; 

@BIN(VAC);  !VAC=VACUUM CLARIFIER ; 

 

!TO ENSURE ONLY 1 TECHNOLOGY SELECTED; 

TWPD + THPD + VC + VAC = 1; 

 

!CAPITAL COST (CC) IN US$ FOR CLARIFICATION(PER KG OF PRESSED LIQUID); 

@GIN(TWPDunit);  @GIN(THPDunit); @GIN(VCunit); @GIN(VACunit); 

 

TWPDunit >= (PLtot/20000) * TWPD; 

THPDunit >= (PLtot/20000) * THPD; 

VCunit   >= (PLtot/10000) * VC ; 

VACunit  >= (PLtot/10000) * VAC; 

 

CC_TWPD = 230000 * TWPDunit; 

CC_THPD = 300000 * THPDunit; 

CC_VC   = 150000 * VCunit ; 

CC_VAC  = 265000 * VACunit; 

 

!OPERATING COST (OC) IN US$/Y FOR CLARIFICATION;  

OC_TWPD = 28000 * TWPDunit; 

OC_THPD = 30000 * THPDunit; 

OC_VC   = 15000 * VCunit ; 

OC_VAC  = 27500 * VACunit; 

 

!ELECTRICITY CONSUMPTION, KW BY CLARIFICATION; 

E_TWPD = 45 * TWPDunit; 

E_THPD = 50 * THPDunit; 

E_VC   = 32 * VCunit ; 

E_VAC  = 43 * VACunit; 

 

!WATER CONSUMPTION (KG/H) BY CLARIFICATION; 

WATER_VC  = 0.696 * PLtot * VC ; 

WATER_VAC = 0.696 * PLtot * VAC; 
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!CONVERSION FOR CLARIFICATION; 

OP_TWPD         = 0.61 * PLtot * TWPD; !OP=ORGANIC PHASE; 

OP_THPD         = 0.58 * PLtot * THPD;  

OP_VC           = 0.54 * PLtot * VC ; 

OP_VAC          = 0.52 * PLtot * VAC; 

 

OP_CLARIFIER   = OP_TWPD + OP_THPD + OP_VC + OP_VAC; 

 

OPtot          = OP_CLARIFIER + OILCONTENT_RO_ORP + OILRECOVERED_RO_OILPRESS + 

OILRECOVERED_DECANTER; 

 

AP_VC          = 1.196 * PLtot * VC ; !AP=AQUEOUS PHASE; 

AP_VAC         = 1.176 * PLtot * VAC; 

AP_CLARIFIER   = AP_VC + AP_VAC; 

 

!WATER IN RECOVERED OIL; 

WATER_RO       = (RO_ORP - OILCONTENT_RO_ORP) + (RO_OILPRESS - 

OILRECOVERED_RO_OILPRESS) + (RO_DECANTER - OILRECOVERED_DECANTER); 

 

APtot          = AP_CLARIFIER; 

 

POME_TWPD      = 0.64 * PLtot * TWPD; 

POME_THPD      = 0.5  * PLtot * THPD; 

 

POME_CLARIFIER = POME_TWPD + POME_THPD + WATER_RO; 

 

DC_THPD        = 0.09 * PLtot * THPD; !DC=DECANTER CAKE; 

 

DC_CLARIFIER   = DC_THPD; 

 

!OIL CONTENT IN OP; 

OILCONTENT_OP_TWPD = 0.96  * OILPERCENTAGE_PL * PLtot * TWPD; !OIL REMAINING 

IN OP_TWPD; 

OILCONTENT_OP_THPD = 0.97  * OILPERCENTAGE_PL * PLtot * THPD; !OIL REMAINING 

IN OP_THPD; 

OILCONTENT_OP_VC   = 0.95  * OILPERCENTAGE_PL * PLtot * VC ; !OIL REMAINING 

IN OP_VC; 

OILCONTENT_OP_VAC  = 0.965 * OILPERCENTAGE_PL * PLtot * VAC; !OIL REMAINING 

IN OP_VAC; 

 

OILCONTENT_OP_CLARIFIER = OILCONTENT_OP_TWPD + OILCONTENT_OP_VC + OILCONTENT_OP_VAC 

+ OILCONTENT_OP_THPD; 

 

OILCONTENT_OP           = OILCONTENT_OP_CLARIFIER + OILCONTENT_RO_ORP + 

OILRECOVERED_RO_OILPRESS + OILRECOVERED_DECANTER; 

 

OILPERCENTAGE_OP        = OILCONTENT_OP/ (OP_CLARIFIER + OILCONTENT_RO_ORP + 

OILRECOVERED_RO_OILPRESS + OILRECOVERED_DECANTER); 

 

!OIL CONTENT IN AP; 

OILCONTENT_AP_VC  = 0.05  * OILPERCENTAGE_PL * PLtot * VC ; !OIL REMAINING IN 

AP_VC; 

OILCONTENT_AP_VAC = 0.035 * OILPERCENTAGE_PL * PLtot * VAC; !OIL REMAINING IN 

AP_VAC; 

 

OILCONTENT_AP_CLARIFIER = OILCONTENT_AP_VC + OILCONTENT_AP_VAC; 

OILPERCENTAGE_AP        = OILCONTENT_AP_CLARIFIER/ APtot; 

 

!------------------------------------------------------------------------------- -; 

!PURIFICATION TECHNOLOGY; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PURIFICATION (PER KG OF OP PHASE/AP 

PHASE); 

@GIN(VDunit); @GIN(DECANTERunit); 

 

VDunit       >= (OPtot/10000); 

DECANTERunit >= (APtot/20000); 
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CC_VD        = 390000 * VDunit      ; 

CC_DECANTER  = 300000 * DECANTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR PURIFICATION; 

OC_VD        = 55000 * VDunit; 

OC_DECANTER  = 35000 * DECANTERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PURIFICATION; 

E_VD         = 35 * VDunit; 

E_DECANTER   = 50 * DECANTERunit; 

 

CPO_VD        = OILCONTENT_OP;    !CPO=CRUDE PALM OIL; 

 

RO_DECANTER   = (1/0.7) * OILRECOVERED_DECANTER; !RO=RECOVERED OIL; 

 

DC_DECANTER   = 0.1091 * APtot;    !DC=DECANTER CAKE; 

 

POME_VD       = 0.032  * OPtot; 

POME_DECANTER = 0.808  * APtot; 

 

POME_PURIFIER = POME_VD + POME_DECANTER; 

 

!OIL RECOVERED IN PURIFICATION; 

OILRECOVERED_DECANTER = 0.7 * OILCONTENT_AP_CLARIFIER; 

 

OILCONTENT_DECANTER_POME = OILCONTENT_AP_CLARIFIER - OILRECOVERED_DECANTER; 

 

OILPERCENTAGE_DECANTER_POME = OILCONTENT_DECANTER_POME/ POME_DECANTER; 

 

!----------------------------------------------------------------------------- ---; 

!TOTAL STEAM LOST TO SURROUNDING; 

STEAMLOSTtot = STEAMLOSS_STERILISER + STEAMLOSS_DIGESTER; 

 

!TOTAL OIL RECOVERED; 

OILRECOVEREDtot         = OILRECOVERED_RO_OILPRESS + OILRECOVERED_DECANTER + 

OILCONTENT_RO_ORP; 

 

PERCENTAGE_OILRECOVERED = OILRECOVEREDtot/ OILCONTENT_FFB; 

 

OILLOSStot              = OILLOSS_STERILISER_POME - OILCONTENT_RO_ORP + 

OILCONTENT_EFB - OILRECOVERED_RO_OILPRESS +  

                          OILCONTENT_PC + OILCONTENT_AP_CLARIFIER - 

OILRECOVERED_DECANTER; 

 

PERCENTAGE_OILLOSS      = OILLOSStot/ OILCONTENT_FFB; 

 

!TOTAL PRODUCTS GENERATED; 

POMEtot = POME_STERILISER + POME_CLARIFIER + POME_PURIFIER; 

PEFBtot = PEFB_OILPRESS                            ; 

PPFtot  = PPF_DEPR + PPF_HRDS + PPF_AC + PPF_COLUMN; 

PKStot  = PKS_COLUMN + PKS_SKS                     ; 

DCtot   = DC_CLARIFIER + DC_DECANTER               ; 

PKtot   = PK_COLUMN + PK_SILO                      ; 

CPOtot  = CPO_VD                                   ; 

 

OILCONTENT_POME    = OILLOSS_STERILISER_POME + OILCONTENT_DECANTER_POME; 

 

OILPERCENTAGE_POME = OILCONTENT_POME/ POMEtot; 

 

!PRODUCTS PERCENTAGE RELATIVE TO FFB FEED; 

PERCENTAGE_POMEtot = 100 * POMEtot/ FFB; 

PERCENTAGE_EFBtot  = 100 * EFBtot / FFB; 

PERCENTAGE_PEFBtot = 100 * PEFBtot/ FFB; 

PERCENTAGE_PPFtot  = 100 * PPFtot / FFB; 

PERCENTAGE_PKStot  = 100 * PKStot / FFB; 

PERCENTAGE_DCtot   = 100 * DCtot  / FFB; 

PERCENTAGE_PKtot   = 100 * PKtot  / FFB; 
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PERCENTAGE_CPOtot  = 100 * CPOtot / FFB; 

 

PERCENTAGE_OER     = 100 * CPOtot/ FFB; 

 

!TOTAL CAPITAL COST (CAPEX); 

CAPEX_POM  = CC_LPHS + CC_HPHS + CC_VS + CC_TS + CC_CONS + CC_THRESHER + 

CC_OILPRESS + CC_DIGESTER + CC_SPRESS + CC_DPRESS + CC_DEPR + CC_HRDS + CC_CRAC + 

CC_DCRM + CC_ROLEK + CC_AC + CC_COLUMN + CC_CB + CC_HC + CC_MHC + CC_SILO + CC_TWPD 

+ CC_VC + CC_VAC + CC_THPD + CC_VD + CC_DECANTER; 

 

!TOTAL UTILITY CONSUMPTION; 

WATERtot   = WATER_CB + WATER_HC + WATER_MHC + WATER_VC + WATER_VAC; 

 

LPStot_POM = LPS_LPHS + LPS_VS + LPS_TS + LPS_CONS + LPS_DIGESTER; 

 

MPStot_POM = MPS_HPHS; 

 

Etot_POM = E_LPHS + E_HPHS + E_VS + E_TS + E_CONS + E_THRESHER + E_OILPRESS + 

E_DIGESTER + E_SPRESS  + E_DPRESS + E_DEPR + E_HRDS + E_CRAC + E_DCRM + E_ROLEK + 

E_AC + E_COLUMN + E_CB + E_HC + E_MHC + E_SILO + E_TWPD + E_VC + E_VAC + E_THPD + 

E_VD + E_DECANTER; 

 

!TOTAL OPERATING COST (OPEX); 

OPEX_POM = OC_LPHS + OC_HPHS + OC_VS + OC_TS + OC_CONS + OC_THRESHER + OC_OILPRESS 

+ OC_DIGESTER + OC_SPRESS + OC_DPRESS + OC_DEPR + OC_HRDS + OC_CRAC + OC_DCRM + 

OC_ROLEK + OC_AC + OC_COLUMN + OC_CB + OC_HC + OC_MHC + OC_SILO + OC_TWPD + OC_VC + 

OC_VAC + OC_THPD + OC_VD + OC_DECANTER; 

 

!GROSS PROFIT (GP) IN US$/Y; 

PROFIT_POM = AOT * (CPO_PRICE * CPOtot + PK_PRICE * PKtot + PEFB_PRICE * PEFBtot + 

PKS_PRICE * PKStot + PPF_PRICE * PPFtot + DC_PRICE * DCtot); 

 

EXPENSE_POM = AOT * (FFB_PRICE * FFB + WATER_PRICE * WATERtot + E_PRICE * Etot_POM 

+ MPS_PRICE * MPStot_POM  + LPS_PRICE * LPStot_POM); 

 

GP_POM = PROFIT_POM - EXPENSE_POM - OPEX_POM; @FREE(GP_POM); 

 

END 

 

A.2.2.2. Scenario 1 (Results) 

  Global optimal solution found. 

  Objective value:                              4645155. 

  Objective bound:                              4645155. 

  Infeasibilities:                              0.000000 

  Extended solver steps:                              99 

  Total solver iterations:                    1459208882 

  Elapsed runtime seconds:                         18.26 

 

  Model Class:                                     MINLP 

 

  Total variables:                    297 

  Nonlinear variables:                 52 

  Integer variables:                   48 

 

  Total constraints:                  285 

  Nonlinear constraints:               83 

 

  Total nonzeros:                     842 

  Nonlinear nonzeros:                 182 

 

                                Variable           Value        Reduced Cost 

                                  EP_POM        4645155.            0.000000 

                                  GP_POM        5419747.            0.000000 

                               CAPEX_POM        8040000.            0.000000 
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                                  FACTOR       0.9634229E-01        0.000000 

                                     AOT        4350.000            0.000000 

                                    ANOT        4410.000            0.000000 

                                      IR       0.5000000E-01        0.000000 

                                      Y         15.00000            0.000000 

                               FFB_PRICE       0.1210000            0.000000 

                             WATER_PRICE       0.5500000E-03        0.000000 

                                 E_PRICE       0.1011000            0.000000 

                               MPS_PRICE       0.2040000E-01        0.000000 

                               LPS_PRICE       0.1440000E-01        0.000000 

                               CPO_PRICE       0.5480000            0.000000 

                                PK_PRICE       0.3890000            0.000000 

                              PEFB_PRICE       0.8000000E-02        0.000000 

                               PKS_PRICE       0.4500000E-01        0.000000 

                               PPF_PRICE       0.2300000E-01        0.000000 

                                DC_PRICE       0.4300000E-01        0.000000 

                                     FFB        60000.00            0.000000 

                       OILPERCENTAGE_FFB       0.2200000            0.000000 

                    OILPERCENTAGE_RO_ORP       0.7000000            0.000000 

                          OILCONTENT_FFB        13200.00            0.000000 

                       OILCONTENT_RO_ORP        283.9517            0.000000 

                                  RO_ORP        405.6453            0.000000 

                         OILCONTENT_POME        510.7045            0.000000 

                                    LPHS        0.000000            0.000000 

                                    HPHS        0.000000            0.000000 

                                      VS        0.000000            0.000000 

                                      TS        1.000000            0.000000 

                                    CONS        0.000000            0.000000 

                                LPHSUNIT        0.000000            0.000000 

                                HPHSUNIT        0.000000            90692.12 

                                  VSUNIT        0.000000            187268.9 

                                  TSUNIT        3.000000            0.000000 

                                CONSUNIT        0.000000            201099.0 

                                 CC_LPHS        0.000000           0.1111448 

                                 CC_HPHS        0.000000            0.000000 

                                   CC_VS        0.000000            0.000000 

                                   CC_TS        3600000.            0.000000 

                                 CC_CONS        0.000000            0.000000 

                                 OC_LPHS        0.000000            0.000000 

                                 OC_HPHS        0.000000            0.000000 

                                   OC_VS        0.000000            0.000000 

                                   OC_TS        540000.0            0.000000 

                                 OC_CONS        0.000000            0.000000 

                                LPS_LPHS        0.000000            0.000000 

                                MPS_HPHS        0.000000            0.000000 

                                  LPS_VS        0.000000            0.000000 

                                  LPS_TS        15000.00            0.000000 

                                LPS_CONS        0.000000            0.000000 

                                  E_LPHS        0.000000            0.000000 

                                  E_HPHS        0.000000            0.000000 

                                    E_VS        0.000000            0.000000 

                                    E_TS        226.2000            0.000000 

                                  E_CONS        0.000000            0.000000 

                                SFB_LPHS        0.000000            0.000000 

                                SFB_HPHS        0.000000            0.000000 

                                  SFB_VS        0.000000            0.000000 

                                  SFB_TS        54000.00            0.000000 

                                SFB_CONS        0.000000            0.000000 

                                  SFBTOT        54000.00            0.000000 

                    STEAMLOSS_STERILISER        9000.000            0.000000 

                               POME_LPHS        0.000000            0.000000 

                               POME_HPHS        0.000000            0.000000 

                                 POME_VS        0.000000            0.000000 

                                 POME_TS        13800.00            0.000000 

                               POME_CONS        0.000000            0.000000 

                         POME_STERILISER        13800.00            0.000000 

                         OILCONTENT_LPHS        0.000000            0.000000 

                         OILCONTENT_HPHS        0.000000            0.000000 
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                           OILCONTENT_VS        0.000000            0.000000 

                           OILCONTENT_TS        12870.00            0.000000 

                         OILCONTENT_CONS        0.000000            0.000000 

                          OILCONTENT_SFB        12870.00            0.000000 

                       OILPERCENTAGE_SFB       0.2383333            0.000000 

                 OILLOSS_STERILISER_POME        330.0000            0.000000 

           OILPERCENTAGE_STERILISER_POME       0.2391304E-01        0.000000 

                                THRESHER        1.000000            0.000000 

                            THRESHERUNIT        2.000000            67740.99 

                             CC_THRESHER        450000.0            0.000000 

                             OC_THRESHER        67500.00            0.000000 

                              E_THRESHER        56.00000            0.000000 

                                  SFRUIT        41040.00            0.000000 

                                     EFB        12960.00            0.000000 

                                  EFBTOT        12960.00            0.000000 

                       OILCONTENT_SFRUIT        12419.55            0.000000 

                    OILPERCENTAGE_SFRUIT       0.3026206            0.000000 

                          OILCONTENT_EFB        450.4500            0.000000 

                       OILPERCENTAGE_EFB       0.3475694E-01        0.000000 

                                OILPRESS        1.000000            0.000000 

                            OILPRESSUNIT        2.000000            38157.85 

                             CC_OILPRESS        240000.0            0.000000 

                             OC_OILPRESS        40000.00            0.000000 

                              E_OILPRESS        30.00000            0.000000 

                             RO_OILPRESS        1706.832            0.000000 

                           PEFB_OILPRESS        11253.17            0.000000 

                OILRECOVERED_RO_OILPRESS        270.2700            0.000000 

               OILPERCENTAGE_RO_OILPRESS       0.1583460            0.000000 

                         OILCONTENT_PEFB        180.1800            0.000000 

                      OILPERCENTAGE_PEFB       0.1601149E-01        0.000000 

                                 PEFBTOT        11253.17            0.000000 

                                DIGESTER        1.000000            0.000000 

                            DIGESTERUNIT        3.000000            37367.47 

                             CC_DIGESTER        450000.0            0.000000 

                             OC_DIGESTER        45000.00            0.000000 

                            LPS_DIGESTER        5335.200            0.000000 

                              E_DIGESTER        54.00000            0.000000 

                                      DF        42681.60            0.000000 

                      STEAMLOSS_DIGESTER        3693.600            0.000000 

                           OILCONTENT_DF        12419.55            0.000000 

                        OILPERCENTAGE_DF       0.2909814            0.000000 

                                  SPRESS        0.000000            0.000000 

                                  DPRESS        1.000000           -232746.9 

                              SPRESSUNIT        0.000000            0.000000 

                              DPRESSUNIT        2.000000            70933.01 

                               CC_SPRESS        0.000000            0.000000 

                               CC_DPRESS        360000.0            0.000000 

                               OC_SPRESS        0.000000            0.000000 

                               OC_DPRESS        72000.00            0.000000 

                                E_SPRESS        0.000000            0.000000 

                                E_DPRESS        80.00000            0.000000 

                               PL_SPRESS        0.000000            0.000000 

                               PL_DPRESS        25608.96            0.000000 

                                   PLTOT        25608.96            0.000000 

                               PC_SPRESS        0.000000            0.000000 

                               PC_DPRESS        17072.64            0.000000 

                                   PCTOT        17072.64            0.000000 

                    OILCONTENT_PL_SPRESS        0.000000            0.000000 

                    OILCONTENT_PL_DPRESS        12046.96            0.000000 

                           OILCONTENT_PL        12046.96            0.000000 

                        OILPERCENTAGE_PL       0.4704199            0.000000 

                    OILCONTENT_PC_SPRESS        0.000000            0.000000 

                    OILCONTENT_PC_DPRESS        372.5865            0.000000 

                           OILCONTENT_PC        372.5865            0.000000 

                        OILPERCENTAGE_PC       0.2182360E-01        0.000000 

                                    DEPR        1.000000           -253063.9 

                                    HRDS        0.000000            0.000000 

                                DEPRUNIT        2.000000            79254.82 



Appendices 

xxvii 

                                HRDSUNIT        0.000000            0.000000 

                                 CC_DEPR        500000.0            0.000000 

                                 CC_HRDS        0.000000            0.000000 

                                 OC_DEPR        50000.00            0.000000 

                                 OC_HRDS        0.000000            0.000000 

                                  E_DEPR        137.2000            0.000000 

                                  E_HRDS        0.000000            0.000000 

                                PFN_DEPR        10072.86            0.000000 

                                PFN_HRDS        0.000000            0.000000 

                                  PFNTOT        10072.86            0.000000 

                                PPF_DEPR        6999.782            0.000000 

                                PPF_HRDS        0.000000            0.000000 

                          OILCONTENT_PPF        372.5865            0.000000 

                       OILPERCENTAGE_PPF       0.4188960E-01        0.000000 

                                  PPFTOT        8894.487            0.000000 

                                    CRAC        0.000000            0.000000 

                                    DCRM        0.000000            0.000000 

                                   ROLEK        1.000000           -8530520. 

                                CRACUNIT        0.000000            50134.82 

                                DCRMUNIT        0.000000            67384.31 

                               ROLEKUNIT        2.000000            67018.93 

                                 CC_CRAC        0.000000            0.000000 

                                 CC_DCRM        0.000000            0.000000 

                                CC_ROLEK        360000.0            0.000000 

                                 OC_CRAC        0.000000            0.000000 

                                 OC_DCRM        0.000000            0.000000 

                                OC_ROLEK        72000.00            0.000000 

                                  E_CRAC        0.000000            0.000000 

                                  E_DCRM        0.000000            0.000000 

                                 E_ROLEK        62.20000            0.000000 

                         CRACKEDNUT_CRAC        0.000000            0.000000 

                         CRACKEDNUT_DCRM        0.000000            0.000000 

                        CRACKEDNUT_ROLEK        9972.129            0.000000 

                       UNCRACKEDNUT_CRAC        0.000000            0.000000 

                       UNCRACKEDNUT_DCRM        0.000000            0.000000 

                      UNCRACKEDNUT_ROLEK        100.7286            0.000000 

                                     CM1        0.000000            0.000000 

                                     CM2        9972.129            0.000000 

                                      AC        0.000000            0.000000 

                                  COLUMN        1.000000           -8530520. 

                                  ACUNIT        0.000000            24923.96 

                              COLUMNUNIT        1.000000            49927.29 

                                   CC_AC        0.000000            0.000000 

                               CC_COLUMN        250000.0            0.000000 

                                   OC_AC        0.000000            0.000000 

                               OC_COLUMN        13000.00            0.000000 

                                    E_AC        0.000000            0.000000 

                                E_COLUMN        29.20000            0.000000 

                                   CNTOT        0.000000            0.000000 

                                  PPF_AC        0.000000            0.000000 

                              PPF_COLUMN        1894.705            0.000000 

                              PKS_COLUMN        3560.050            0.000000 

                               PK_COLUMN        4517.374            0.000000 

                                      CB        1.000000            0.000000 

                                      HC        0.000000            0.000000 

                                     MHC        0.000000            0.000000 

                                  CBUNIT        0.000000            24551.34 

                                  HCUNIT        0.000000            24345.63 

                                 MHCUNIT        0.000000            23230.56 

                                   CC_CB        0.000000            0.000000 

                                   CC_HC        0.000000            0.000000 

                                  CC_MHC        0.000000            0.000000 

                                   OC_CB        0.000000            0.000000 

                                   OC_HC        0.000000            0.000000 

                                  OC_MHC        0.000000            0.000000 

                                    E_CB        0.000000            0.000000 

                                    E_HC        0.000000            0.000000 

                                   E_MHC        0.000000            0.000000 
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                                WATER_CB        0.000000            0.000000 

                                WATER_HC        0.000000            0.000000 

                               WATER_MHC        0.000000            0.000000 

                                   WK_CB        0.000000            0.000000 

                                   WK_HC        0.000000            0.000000 

                                  WK_MHC        0.000000            0.000000 

                                   WKTOT        0.000000            0.000000 

                                   WW_CB        0.000000            0.000000 

                                   WW_HC        0.000000            0.000000 

                                  WW_MHC        0.000000            0.000000 

                                   WWTOT        0.000000            0.000000 

                                  PKS_CB        0.000000            0.000000 

                                  PKS_HC        0.000000            0.000000 

                                 PKS_MHC        0.000000            0.000000 

                                 PKS_SKS        0.000000            0.000000 

                                    SILO        1.000000            0.000000 

                                SILOUNIT        0.000000            26133.14 

                                 CC_SILO        0.000000            0.000000 

                                 OC_SILO        0.000000            0.000000 

                                  E_SILO        0.000000            0.000000 

                                 PK_SILO        0.000000            0.000000 

                                    TWPD        0.000000            1539836. 

                                    THPD        0.000000            821546.9 

                                      VC        1.000000            0.000000 

                                     VAC        0.000000            0.000000 

                                TWPDUNIT        0.000000            69949.05 

                                THPDUNIT        0.000000            80891.94 

                                  VCUNIT        3.000000            43524.46 

                                 VACUNIT        0.000000            53617.58 

                                 CC_TWPD        0.000000            0.000000 

                                 CC_THPD        0.000000            0.000000 

                                   CC_VC        450000.0            0.000000 

                                  CC_VAC        0.000000            0.000000 

                                 OC_TWPD        0.000000            0.000000 

                                 OC_THPD        0.000000            0.000000 

                                   OC_VC        45000.00            0.000000 

                                  OC_VAC        0.000000            0.000000 

                                  E_TWPD        0.000000            0.000000 

                                  E_THPD        0.000000            0.000000 

                                    E_VC        96.00000            0.000000 

                                   E_VAC        0.000000            0.000000 

                                WATER_VC        17823.84            0.000000 

                               WATER_VAC        0.000000            0.000000 

                                 OP_TWPD        0.000000            0.000000 

                                 OP_THPD        0.000000            0.000000 

                                   OP_VC        13828.84            0.000000 

                                  OP_VAC        0.000000            0.000000 

                            OP_CLARIFIER        13828.84            0.000000 

                                   OPTOT        14804.70            0.000000 

                   OILRECOVERED_DECANTER        421.6437            0.000000 

                                   AP_VC        30628.32            0.000000 

                                  AP_VAC        0.000000            0.000000 

                            AP_CLARIFIER        30628.32            0.000000 

                                WATER_RO        1738.960            0.000000 

                             RO_DECANTER        602.3482            0.000000 

                                   APTOT        30628.32            0.000000 

                               POME_TWPD        0.000000            0.000000 

                               POME_THPD        0.000000            0.000000 

                          POME_CLARIFIER        1738.960            0.000000 

                                 DC_THPD        0.000000            0.000000 

                            DC_CLARIFIER        0.000000            0.000000 

                      OILCONTENT_OP_TWPD        0.000000            0.000000 

                      OILCONTENT_OP_THPD        0.000000            0.000000 

                        OILCONTENT_OP_VC        11444.62            0.000000 

                       OILCONTENT_OP_VAC        0.000000            0.000000 

                 OILCONTENT_OP_CLARIFIER        11444.62            0.000000 

                           OILCONTENT_OP        12420.48            0.000000 

                        OILPERCENTAGE_OP       0.8389550            0.000000 
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                        OILCONTENT_AP_VC        602.3482            0.000000 

                       OILCONTENT_AP_VAC        0.000000            0.000000 

                 OILCONTENT_AP_CLARIFIER        602.3482            0.000000 

                        OILPERCENTAGE_AP       0.1966638E-01        0.000000 

                                  VDUNIT        2.000000            107966.0 

                            DECANTERUNIT        2.000000            85891.94 

                                   CC_VD        780000.0            0.000000 

                             CC_DECANTER        600000.0            0.000000 

                                   OC_VD        110000.0            0.000000 

                             OC_DECANTER        70000.00            0.000000 

                                    E_VD        70.00000            0.000000 

                              E_DECANTER        100.0000            0.000000 

                                  CPO_VD        12420.48            0.000000 

                             DC_DECANTER        3341.549            0.000000 

                                 POME_VD        473.7505            0.000000 

                           POME_DECANTER        24747.68            0.000000 

                           POME_PURIFIER        25221.43            0.000000 

                OILCONTENT_DECANTER_POME        180.7045            0.000000 

             OILPERCENTAGE_DECANTER_POME       0.7301875E-02        0.000000 

                            STEAMLOSTTOT        12693.60            0.000000 

                         OILRECOVEREDTOT        975.8654            0.000000 

                 PERCENTAGE_OILRECOVERED       0.7392920E-01        0.000000 

                              OILLOSSTOT        779.5193            0.000000 

                      PERCENTAGE_OILLOSS       0.5905449E-01        0.000000 

                                 POMETOT        40760.39            0.000000 

                                  PKSTOT        3560.050            0.000000 

                                   DCTOT        3341.549            0.000000 

                                   PKTOT        4517.374            0.000000 

                                  CPOTOT        12420.48            0.000000 

                      OILPERCENTAGE_POME       0.1252943E-01        0.000000 

                      PERCENTAGE_POMETOT        67.93398            0.000000 

                       PERCENTAGE_EFBTOT        21.60000            0.000000 

                      PERCENTAGE_PEFBTOT        18.75528            0.000000 

                       PERCENTAGE_PPFTOT        14.82414            0.000000 

                       PERCENTAGE_PKSTOT        5.933417            0.000000 

                        PERCENTAGE_DCTOT        5.569249            0.000000 

                        PERCENTAGE_PKTOT        7.528957            0.000000 

                       PERCENTAGE_CPOTOT        20.70080            0.000000 

                          PERCENTAGE_OER        20.70080            0.000000 

                                WATERTOT        17823.84            0.000000 

                              LPSTOT_POM        20335.20            0.000000 

                              MPSTOT_POM        0.000000            0.000000 

                                ETOT_POM        940.8000            0.000000 

                                OPEX_POM        1124500.            0.000000 

                              PROFIT_POM       0.3985544E+08        0.000000 

                             EXPENSE_POM       0.3331119E+08        0.000000 

 

A.2.2.3. Scenario 2 (Lingo Codes) 

!OBJECTIVE FUNCTION; 

MAX = EP_POMtot; 

 

EP_POMtot = (LL_GP_POM * LL_OCC) + (MM_GP_POM * MM_OCC) + (HH_GP_POM * HH_OCC) - 

(HH_CAPEX_POM * FACTOR); @FREE(EP_POMtot); 

 

!FRACTION OF OCCURANCE (OCC); 

LL_OCC = 0.417; MM_OCC = 0.333; HH_OCC = 0.25; 

 

!ECONOMIC POTENTIAL (EP) IN US$/Y BREAKDOWN CALCULATIONS; 

LL_EP_POM = LL_GP_POM - (LL_CAPEX_POM * FACTOR); @FREE(LL_EP_POM); 

MM_EP_POM = MM_GP_POM - (MM_CAPEX_POM * FACTOR); @FREE(MM_EP_POM); 

HH_EP_POM = HH_GP_POM - (HH_CAPEX_POM * FACTOR); @FREE(HH_EP_POM); 

 

!CONSTANT VALUE USED; 

AOT    = 4350;  !ANNUAL OPERATING TIME (HRS); 
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ANOT   = 365 * 24 - AOT; !ANNUAL NON-OPERATING TIME (HRS); 

FACTOR = (IR*((1+IR)^(Y)))/ (((1+IR)^(Y))-1); !ANNUALISED FACTOR; 

IR     = 0.05;  !DISCOUNT RATE 5% PER ANNUM; 

Y     = 15;   !INDUSTRIAL LIFE SPAN OF 15 YEARS; 

 

!RAW MATERIALS BUYING PRICE; 

FFB_PRICE        = 0.121     ; !US$/KG (CHANGES WITH SEASONS); 

WATER_PRICE      = 0.00055   ; !US$/KG (FIXED); 

E_PRICE          = 1.2 * 0.08425; !US$/KW(FIXED); 

MPS_PRICE        = 1.2 * 0.017  ; !US$/KG (FIXED); 

LPS_PRICE        = 1.2 * 0.012  ; !US$/KG (FIXED); 

 

!PRODUCTS SELLING PRICE; 

CPO_PRICE        = 0.548  ; !US$/KG (CHANGES WITH SEASONS); 

PK_PRICE         = 0.389  ;  !US$/KG (CHANGES WITH SEASONS); 

PEFB_PRICE       = 0.008  ; !US$/KG (CHANGES WITH SEASONS); 

PKS_PRICE        = 0.045  ; !US$/KG (CHANGES WITH SEASONS); 

PPF_PRICE        = 0.023  ; !US$/KG (CHANGES WITH SEASONS); 

DC_PRICE         = 0.043  ; !US$/KG (CHANGES WITH SEASONS); 

 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 

!PALM OIL MILL (POM) SECTION; 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 

 

!FRESH FRUIT BUNCH (FFB) FEED,KG PER HOUR; 

LL_FFB = 45000; MM_FFB = 60000; HH_FFB = 85000; 

 

!FEED OIL CONTENT; 

OILPERCENTAGE_FFB    = 0.22; !FFB CONTAINS 22% OF OIL;  

OILPERCENTAGE_RO_ORP = 0.7; !RO FROM ORP CONTAINS 70% OF OIL;  

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!LOW SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

LL_OILCONTENT_FFB    = OILPERCENTAGE_FFB    * LL_FFB   ;  

LL_OILCONTENT_RO_ORP = OILPERCENTAGE_RO_ORP * LL_RO_ORP; 

 

LL_RO_ORP = 0.556 * LL_OILCONTENT_POME/ OILPERCENTAGE_RO_ORP; !RECOVERED OIL 

FROM OIL RECOVERY PIT; 

 

!---------------------------------------------------------------------------------; 

!STERILISATION TECHNOLOGIES; 

@BIN(LL_LPHS);  !LPHS = HORIZONTAL LOW-PRESSURE STERILISER; 

@BIN(LL_HPHS);  !HPHS = HORIZONTAL HIGH-PRESSURE STERILISER; 

@BIN(LL_VS);   !VS = VERTICAL STERILISER; 

@BIN(LL_TS);   !TS = TILTING STERILISER; 

@BIN(LL_CONS); !CONS = CRUSHER+CONTINUOUS STERELISER; 

LL_LPHS + LL_HPHS + LL_VS + LL_TS + LL_CONS = 1; !TO ENSURE ONLY ONE STERILISER 

TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED FOR STERILISER; 

@GIN(LL_LPHSunit); @GIN(LL_HPHSunit); @GIN(LL_VSunit); 

@GIN(LL_TSunit); GIN(LL_CONSunit); 

 

LL_LPHSunit >= (LL_FFB/20000) * LL_LPHS; 

LL_HPHSunit >= (LL_FFB/10000) * LL_HPHS; 

LL_VSunit   >= (LL_FFB/20000) * LL_VS  ; 

LL_TSunit   >= (LL_FFB/20000) * LL_TS  ; 

LL_CONSunit >= (LL_FFB/20000) * LL_CONS; 

 

LL_CC_LPHS = 1000000 * LL_LPHSunit; 

LL_CC_HPHS = 800000  * LL_HPHSunit; 

LL_CC_VS   = 1000000 * LL_VSunit  ; 

LL_CC_TS   = 1200000 * LL_TSunit  ; 

LL_CC_CONS = 1050000 * LL_CONSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR STERILISER; 
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LL_OC_LPHS = 200000 * LL_LPHSunit; 

LL_OC_HPHS = 160000 * LL_HPHSunit; 

LL_OC_VS   = 120000 * LL_VSunit  ; 

LL_OC_TS   = 180000 * LL_TSunit  ; 

LL_OC_CONS = 157500 * LL_CONSunit; 

 

!STEAM REQUIREMENT,(PER KG OF FFB) BY STERILISER; 

LL_LPS_LPHS = 0.25  * LL_FFB * LL_LPHS; !LPS = LOW-PRESSURE STEAM; 

LL_MPS_HPHS = 0.2   * LL_FFB * LL_HPHS; !MPS = MEDIUM-PRESSURE STEAM; 

LL_LPS_VS   = 0.305 * LL_FFB * LL_VS  ;  

LL_LPS_TS   = 0.25  * LL_FFB * LL_TS  ; 

LL_LPS_CONS = 0.36  * LL_FFB * LL_CONS; 

 

!ELECTRICITY CONSUMPTION, KW BY STERILISER; 

LL_E_LPHS = 30   * LL_LPHSunit;  

LL_E_HPHS = 17   * LL_HPHSunit;  

LL_E_VS   = 40   * LL_VSunit  ;  

LL_E_TS   = 75.4 * LL_TSunit  ;  

LL_E_CONS = 90   * LL_CONSunit;  

 

!CONVERSION FOR STERILISER; 

LL_SFB_LPHS = 0.87 * LL_FFB * LL_LPHS; !SFB = STERILISED FRUIT BUNCH; 

LL_SFB_HPHS = 0.90 * LL_FFB * LL_HPHS; 

LL_SFB_VS   = 0.87 * LL_FFB * LL_VS  ; 

LL_SFB_TS   = 0.90 * LL_FFB * LL_TS  ; 

LL_SFB_CONS = 0.88 * LL_FFB * LL_CONS; 

 

LL_SFBtot   = LL_SFB_LPHS + LL_SFB_HPHS + LL_SFB_VS + LL_SFB_TS + LL_SFB_CONS; 

 

LL_STEAMLOSS_STERILISER = 0.15 * LL_FFB * LL_LPHS + 0.11 * LL_FFB * LL_HPHS + 0.205 

* LL_FFB * LL_VS + 0.15 * LL_FFB * LL_TS   + 0.18 * LL_FFB * LL_CONS; 

 

!POME GENERATED BY STERILISER; 

LL_POME_LPHS = 0.23 * LL_FFB * LL_LPHS; 

LL_POME_HPHS = 0.19 * LL_FFB * LL_HPHS; 

LL_POME_VS   = 0.23 * LL_FFB * LL_VS  ; 

LL_POME_TS   = 0.23 * LL_FFB * LL_TS  ; 

LL_POME_CONS = 0.30 * LL_FFB * LL_CONS; 

 

LL_POME_STERILISER = LL_POME_LPHS + LL_POME_HPHS + LL_POME_VS + LL_POME_TS + 

LL_POME_CONS; 

 

!OIL LOSS IN STERILISER; 

LL_OILCONTENT_LPHS = 0.97  * LL_OILCONTENT_FFB * LL_LPHS; 

LL_OILCONTENT_HPHS = 0.98  * LL_OILCONTENT_FFB * LL_HPHS; 

LL_OILCONTENT_VS   = 0.95  * LL_OILCONTENT_FFB * LL_VS  ; 

LL_OILCONTENT_TS   = 0.975 * LL_OILCONTENT_FFB * LL_TS  ; 

LL_OILCONTENT_CONS = 0.97  * LL_OILCONTENT_FFB * LL_CONS; 

 

LL_OILCONTENT_SFB    = LL_OILCONTENT_LPHS + LL_OILCONTENT_HPHS + LL_OILCONTENT_VS + 

LL_OILCONTENT_TS + LL_OILCONTENT_CONS;    !OIL REMAINING IN SFB; 

 

LL_OILPERCENTAGE_SFB = LL_OILCONTENT_SFB/ LL_SFBtot;  !OIL % IN SFB; 

 

!OIL CONTENT IN STERILISER POME;  

LL_OILLOSS_STERILISER_POME       = LL_OILCONTENT_FFB - LL_OILCONTENT_SFB; !OIL LOST 

INTO POME; 

 

LL_OILPERCENTAGE_STERILISER_POME = LL_OILLOSS_STERILISER_POME/ LL_POME_STERILISER;

 !OIL % IN STERILISER POME; 

 

!---------------------------------------------------------------------------------; 

!ROTATING DRUM; 

@BIN(LL_THRESHER); 

LL_THRESHER = 1; !TO ENSURE THE THRESHER SELECTION; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR THRESHER (PER KG OF LL_SFB); 

@GIN(LL_THRESHERunit); 
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LL_THRESHERunit >= (LL_SFBtot/50000) * LL_THRESHER; 

 

LL_CC_THRESHER  =  225000 * LL_THRESHERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR THRESHER; 

LL_OC_THRESHER = 33750 * LL_THRESHERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY THRESHER; 

LL_E_THRESHER = 28 * LL_THRESHERunit; 

 

!CONVERSION FOR THRESHER; 

LL_SFRUIT = 0.76 * LL_SFBtot * LL_THRESHER; !SFRUIT=STERILISED FRUITLET; 

 

!EMPTY FRUIT BUNCH (EFB) PRODUCED BY THRESHER; 

LL_EFB    = 0.24 * LL_SFBtot * LL_THRESHER; 

LL_EFBtot = LL_EFB; 

 

!OIL CONTENT IN STERILISED FRUITLET (SFRUIT); 

LL_OILCONTENT_SFRUIT    = 0.965 * LL_OILCONTENT_SFB * LL_THRESHER; !OIL REMAINING IN 

SFRUIT; 

 

LL_OILPERCENTAGE_SFRUIT = LL_OILCONTENT_SFRUIT/ LL_SFRUIT; 

 

!OIL CONTENT IN EFB; 

LL_OILCONTENT_EFB    = LL_OILCONTENT_SFB - LL_OILCONTENT_SFRUIT; !OIL LOST INTO 

EFB; 

 

LL_OILPERCENTAGE_EFB = LL_OILCONTENT_EFB/  LL_EFBtot;  !OIL % IN EFB; 

 

!----------- ---------------------------------------------------------------------; 

!EFB OIL RECOVERY VIA OIL PRESSING; 

@BIN(LL_OILPRESS); !OILPRESS = OIL PRESSING; 

LL_OILPRESS = 1; !TO ENSURE THE OILPRESS SELECTION; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR EFB OIL RECOVERY (PER KG OF EFB); 

@GIN(LL_OILPRESSunit); 

 

LL_OILPRESSunit >= (LL_EFBtot/10000) * LL_OILPRESS; 

 

LL_CC_OILPRESS  =  120000 * LL_OILPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR OIL PRESSING;  

LL_OC_OILPRESS = 20000 * LL_OILPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY OIL PRESSING; 

LL_E_OILPRESS = 15 * LL_OILPRESSunit; 

 

!CONVERSION FOR EFB OIL RECOVERY UNIT; 

LL_RO_OILPRESS   = 0.1317 * LL_EFBtot * LL_OILPRESS; !RO=RECOVERED OIL; 

 

LL_PEFB_OILPRESS = 0.8683 * LL_EFBtot * LL_OILPRESS; PEFB GENERATED BY OIL PRESSING; 

 

!OIL RECOVERED IN RECOVERED OIL (RO); 

LL_OILRECOVERED_RO_OILPRESS  = 0.6 * LL_OILCONTENT_EFB * LL_OILPRESS; !OIL 

RECOVERED IN PRESSED LIQUID; 

  

LL_OILPERCENTAGE_RO_OILPRESS = LL_OILRECOVERED_RO_OILPRESS/ LL_RO_OILPRESS;

 !OIL % IN RO_OILPRESS; 

 

!OIL CONTENT IN PRESSED EMPTY FRUIT BUNCH (PEFB); 

LL_OILCONTENT_PEFB    = LL_OILCONTENT_EFB - LL_OILRECOVERED_RO_OILPRESS; !OIL LOST 

INTO PEFB; 

 

LL_OILPERCENTAGE_PEFB = LL_OILCONTENT_PEFB/ LL_PEFBtot; !OIL % IN PEFB; 

 

!----------- ---------------------------------------------------------------------; 

!DIGESTER; 
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@BIN(LL_DIGESTER);  !DIGESTER=STEAM INJECTION DIGESTER; 

LL_DIGESTER = 1;  !TO ENSURE THE DIGESTER SELECTION; 

  

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR DIGESTER (PER KG OF LL_SFB); 

@GIN(LL_DIGESTERunit); 

 

LL_DIGESTERunit >= (LL_SFRUIT/20000) * LL_DIGESTER; 

 

LL_CC_DIGESTER  =  150000 * LL_DIGESTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR DIGESTER; 

LL_OC_DIGESTER = 15000 * LL_DIGESTERunit; 

 

!STEAM CONSUMPTION,(PER KG OF LL_FFB) BY DIGESTER; 

LL_LPS_DIGESTER = 0.13 * LL_SFRUIT; 

 

!ELECTRICITY CONSUMPTION, KW BY DIGESTER; 

LL_E_DIGESTER = 18 * LL_DIGESTERunit; 

 

!CONVERSION FOR DIGESTER UNIT; 

LL_DF = 1.04 * LL_SFRUIT * LL_DIGESTER; !DF=DIGESTED FRUILET; 

 

LL_STEAMLOSS_DIGESTER = 0.09 * LL_SFRUIT * LL_DIGESTER; 

 

!DIGESTED FRUITLET (DF) OIL CONTENT; 

LL_OILCONTENT_DF    = LL_OILCONTENT_SFRUIT; 

 

LL_OILPERCENTAGE_DF = LL_OILCONTENT_DF/ LL_DF;  

 

!---------------------------------------------------------------------------------; 

!PRESSING TECHNOLOGIES; 

@BIN(LL_SPRESS);  !SPRESS = SCREW PRESS;  

@BIN(LL_DPRESS);  !DPRESS = DOUBLE PRESSING; 

LL_SPRESS + LL_DPRESS = 1; !TO ENSURE ONLY ONE PRESSING TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PRESSING UNIT (PER KG OF DIGESTED 

FRUILTLET); 

@GIN(LL_SPRESSunit);  @GIN(LL_DPRESSunit); 

 

LL_SPRESSunit >= (LL_DF/20000) * LL_SPRESS; 

LL_DPRESSunit >= (LL_DF/25000) * LL_DPRESS; 

 

LL_CC_SPRESS = 100000 * LL_SPRESSunit; 

LL_CC_DPRESS = 180000 * LL_DPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR PRESSING; 

LL_OC_SPRESS = 20000 * LL_SPRESSunit; 

LL_OC_DPRESS = 36000 * LL_DPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PRESSING; 

LL_E_SPRESS = 25 * LL_SPRESSunit; 

LL_E_DPRESS = 40 * LL_DPRESSunit; 

 

!CONVERSION FOR PRESSING UNIT; 

LL_PL_SPRESS = 0.58 * LL_DF * LL_SPRESS; !PL=PRESSED LIQUID; 

LL_PL_DPRESS = 0.60 * LL_DF * LL_DPRESS; 

 

LL_PLtot     = LL_PL_SPRESS + LL_PL_DPRESS; 

 

LL_PC_SPRESS = 0.42 * LL_DF * LL_SPRESS; !PC=PRESSED CAKE; 

LL_PC_DPRESS = 0.40 * LL_DF * LL_DPRESS; 

 

LL_PCtot     = LL_PC_SPRESS + LL_PC_DPRESS; 

 

!OIL CONTENT IN PRESED LIQUID (PL); 

LL_OILCONTENT_PL_SPRESS = 0.95 * LL_OILPERCENTAGE_DF * LL_DF * LL_SPRESS; 

LL_OILCONTENT_PL_DPRESS = 0.97 * LL_OILPERCENTAGE_DF * LL_DF * LL_DPRESS; 
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LL_OILCONTENT_PL    = LL_OILCONTENT_PL_SPRESS + LL_OILCONTENT_PL_DPRESS; !OIL 

REMAINING IN THE PL; 

   

LL_OILPERCENTAGE_PL = LL_OILCONTENT_PL/ LL_PLtot;  !OIL % IN PL; 

 

!OIL CONTENT IN PRESSED CAKE (PC); 

LL_OILCONTENT_PC_SPRESS = 0.05 * LL_OILPERCENTAGE_DF * LL_DF * LL_SPRESS; 

LL_OILCONTENT_PC_DPRESS = 0.03 * LL_OILPERCENTAGE_DF * LL_DF * LL_DPRESS; 

 

LL_OILCONTENT_PC    = LL_OILCONTENT_PC_SPRESS + LL_OILCONTENT_PC_DPRESS; !OIL LOSS 

INTO PRESSED CAKE; 

 

LL_OILPERCENTAGE_PC = LL_OILCONTENT_PC/ LL_PCtot; !OIL % IN PC; 

 

!---------------- ----------------------------------------------------------------; 

!NUT SEPARATION TECHNOLOGIES; 

@BIN(LL_DEPR);   !DEPR = DEPERICARPER; 

@BIN(LL_HRDS);   !HRDS = HORIZONTAL ROTATING FRUM SEPARATOR; 

LL_DEPR + LL_HRDS = 1; !TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUT SEPARATION (PER KG OF PRESSED 

CAKE); 

@GIN(LL_DEPRunit);  @GIN(LL_HRDSunit); 

 

LL_DEPRunit >= (LL_PCtot/10000) * LL_DEPR; 

LL_HRDSunit >= (LL_PCtot/10000) * LL_HRDS; 

 

LL_CC_DEPR = 250000 * LL_DEPRunit; 

LL_CC_HRDS = 200000 * LL_HRDSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUT SEPARATION; 

LL_OC_DEPR = 25000 * LL_DEPRunit; 

LL_OC_HRDS = 30000 * LL_HRDSunit; 

 

!ELECTRICITY CONSUMPTION BY NUT SEPARATION; 

LL_E_DEPR = 68.6 * LL_DEPRunit; 

LL_E_HRDS = 55.2 * LL_HRDSunit; 

 

!CONVERSION FOR NUT SEPARATION; 

LL_PFN_DEPR = 0.59 * LL_PCtot * LL_DEPR; !PFN=PALM FRUIT NUT; 

LL_PFN_HRDS = 0.58 * LL_PCtot * LL_HRDS; 

 

LL_PFNtot = LL_PFN_DEPR + LL_PFN_HRDS; 

 

LL_PPF_DEPR = 0.41 * LL_PCtot * LL_DEPR; !PPF=PALM PRESSED FIBRE; 

LL_PPF_HRDS = 0.42 * LL_PCtot * LL_HRDS; 

 

!OIL CONTENT IN PALM PRESSED FIBRE (PPF); 

LL_OILCONTENT_PPF    = LL_OILCONTENT_PC; 

 

LL_OILPERCENTAGE_PPF = LL_OILCONTENT_PPF/ LL_PPFtot;  !OIL % IN PPF; 

!---------------------------------------------------------------------------------; 

!NUTCRACKER TECHNOLOGIES; 

@BIN(LL_CRAC); !CRAC=NUT SILO+NUTCRACKER;  

@BIN(LL_DCRM); !DCRM=DOUBLE CRACKER RIPPLE MILL; 

@BIN(LL_ROLEK); !ROLEK=ROLEK NUTCRACKER; 

LL_CRAC + LL_DCRM + LL_ROLEK = 1; !TO ENSURE ONLY ONE CRACKING TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUTCRACKER (PER KG OF PALM FRUIT 

NUT); 

@GIN(LL_CRACunit);  @GIN(LL_DCRMunit);  @GIN(LL_ROLEKunit); 

 

LL_CRACunit  >= (LL_PFNtot/8000)  * LL_CRAC ;  

LL_DCRMunit  >= (LL_PFNtot/8000)  * LL_DCRM ; 

LL_ROLEKunit >= (LL_PFNtot/10000) * LL_ROLEK; 

 

LL_CC_CRAC  = 130000 * LL_CRACunit ; 

LL_CC_DCRM  = 175000 * LL_DCRMunit ; 
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LL_CC_ROLEK = 180000 * LL_ROLEKunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUTCRACKER; 

LL_OC_CRAC  = 26000 * LL_CRACunit ; 

LL_OC_DCRM  = 35000 * LL_DCRMunit ; 

LL_OC_ROLEK = 36000 * LL_ROLEKunit; 

 

!ELECTRICITY CONSUMPTION, KW BY NUTCRACKER; 

LL_E_CRAC  = 26.4 * LL_CRACunit ; 

LL_E_DCRM  = 35.3 * LL_DCRMunit ; 

LL_E_ROLEK = 31.1 * LL_ROLEKunit; 

 

!CONVERSION FOR NUTCRACKER UNIT; 

LL_CRACKEDNUT_CRAC    = 0.95 * LL_PFNtot * LL_CRAC ; 

LL_CRACKEDNUT_DCRM    = 0.98 * LL_PFNtot * LL_DCRM ; 

LL_CRACKEDNUT_ROLEK   = 0.99 * LL_PFNtot * LL_ROLEK; 

 

LL_UNCRACKEDNUT_CRAC  = 0.05 * LL_PFNtot * LL_CRAC ; 

LL_UNCRACKEDNUT_DCRM  = 0.02 * LL_PFNtot * LL_DCRM ; 

LL_UNCRACKEDNUT_ROLEK = 0.01 * LL_PFNtot * LL_ROLEK; 

 

LL_CM1 = LL_CRACKEDNUT_CRAC + LL_CRACKEDNUT_DCRM; !CM=CRACKED MIXTURE; 

LL_CM2 = LL_CRACKEDNUT_ROLEK; 

 

!---- ----------------------------------------------------------------------------; 

!LIGHT PARTICLE SEPARATION TECHNOLOGIES; 

@BIN(LL_AC);    !AC=AIR CYCLONE; 

@BIN(LL_COLUMN);  !COLUMN=4 STAGE WINNOWING COLUMN; 

LL_AC + LL_COLUMN = 1; !TO ENSURE ONLY ONE LIGHT PARTICLE SEPARATION TECHNOLOGY 

SELECTED; 

LL_AC * (LL_CRAC + LL_DCRM) + LL_COLUMN * LL_ROLEK = 1; !TO ENSURE ONLY ONE 

PATHWAY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR LIGHT PARTICLE SEPARATION TECHNOLOGY 

(PER KG OF CRACKED MIXTURE); 

@GIN(LL_ACunit);  @GIN(LL_COLUMNunit); 

 

LL_ACunit     >= (LL_CM1/8000)  * LL_AC    ; 

LL_COLUMNunit >= (LL_CM2/15000) * LL_COLUMN; 

 

LL_CC_AC     = 70000  * LL_ACunit; 

LL_CC_COLUMN = 250000 * LL_COLUMNunit; 

 

!OPERATING COST (OC) IN US$/Y FOR LIGHT PARTICLE SEPARATION TECHNOLOGY; 

LL_OC_AC     = 10000 * LL_ACunit     ; 

LL_OC_COLUMN = 13000 * LL_COLUMNunit ; 

 

!ELECTRICITY CONSUMPTION, KW BY LIGHT PARTICLE SEPARATION TECHNOLOGY; 

LL_E_AC     = 18.6 * LL_ACunit    ; 

LL_E_COLUMN = 29.2 * LL_COLUMNunit; 

 

!CONVERSION FOR LIGHT PARTICLE SEPARATION; 

LL_CNtot    = 0.81  * LL_CM1 * LL_AC    ; !CRACKED NUT GENERATED; 

LL_PPF_AC     = 0.19  * LL_CM1 * LL_AC    ; !PPF GENERATED; 

LL_PPF_COLUMN = 0.19  * LL_CM2 * LL_COLUMN; 

LL_PKS_COLUMN = 0.357 * LL_CM2 * LL_COLUMN; !PKS GENERATED; 

LL_PK_COLUMN  = 0.453 * LL_CM2 * LL_COLUMN; !PALM KERNEL GENERATED; 

 

!---------------------------------------------------------------------------------; 

!SHELL-KERNEL SEPARATION TECHNOLOGIES; 

@BIN(LL_CB);  !CB=CLAY BATH; 

@BIN(LL_HC);  !HC=HYDROCYCLONE; 

@BIN(LL_MHC); !MHC=MODIFIED HYDROCYCLONE; 

LL_CB + LL_HC + LL_MHC = 1; !TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ FOR SHELL-KERNEL SEPARATION (PER KG NUT CRACKED); 

@GIN(LL_CBunit);     @GIN(LL_HCunit);     @GIN(LL_MHCunit); 
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LL_CBunit  >= (LL_CNtot/5000) * LL_CB ; 

LL_HCunit  >= (LL_CNtot/5000) * LL_HC ; 

LL_MHCunit >= (LL_CNtot/5000) * LL_MHC; 

 

LL_CC_CB  = 35000 * LL_CBunit ; 

LL_CC_HC  = 40000 * LL_HCunit ; 

LL_CC_MHC = 50000 * LL_MHCunit; 

 

!OPERATING COST (OC) IN US$/Y  FOR SHELL-KERNEL SEPARATION;  

LL_OC_CB  = 3500 * LL_CBunit  ; 

LL_OC_HC  = 4000 * LL_HCunit  ; 

LL_OC_MHC = 5000 * LL_MHCunit ; 

 

!ELECTRICITY CONSUMPTION, KW BY SHELL-KERNEL SEPARATION; 

LL_E_CB  = 40.2 * LL_CBunit ; 

LL_E_HC  = 37.5 * LL_HCunit ; 

LL_E_MHC = 30.5 * LL_MHCunit; 

 

!WATER CONSUMPTION, KG/H BY SHELL-KERNEL SEPARATION; 

LL_WATER_CB  = 1.7 * LL_CNtot * LL_CB ; 

LL_WATER_HC  = 1.5 * LL_CNtot * LL_HC ; 

LL_WATER_MHC = 1.5 * LL_CNtot * LL_MHC; 

 

!CONVERSION FOR SHELL-KERNEL SEPARATION; 

LL_WK_CB   = 0.571 * LL_CNtot * LL_CB ; !WK=WET KERNEL; 

LL_WK_HC   = 0.571 * LL_CNtot * LL_HC ; 

LL_WK_MHC  = 0.571 * LL_CNtot * LL_MHC; 

 

LL_WKtot   = LL_WK_CB + LL_WK_HC + LL_WK_MHC; 

 

LL_WW_CB   = 1.7   * LL_CNtot * LL_CB ; !WW GENERATED BY SHELL-KERNEL SEPARATION; 

LL_WW_HC   = 1.5   * LL_CNtot * LL_HC ; 

LL_WW_MHC  = 1.5   * LL_CNtot * LL_MHC; 

 

LL_WWtot  = LL_WW_CB + LL_WW_HC + LL_WW_MHC;  

 

LL_PKS_CB  = 0.429 * LL_CNtot * LL_CB ; !PKS=PALM KERNEL SHELL; 

LL_PKS_HC  = 0.429 * LL_CNtot * LL_HC ; 

LL_PKS_MHC = 0.429 * LL_CNtot * LL_MHC; 

 

LL_PKS_SKS = LL_PKS_CB + LL_PKS_HC + LL_PKS_MHC; 

 

!---------------------------------------------------------------------------------; 

!WET KERNEL (WK) DRYING TECHNOLOGY; 

@BIN(LL_SILO);  !SILO=SILO DRYER; 

LL_SILO = 1;   !TO ENSURE THE SILO SELECTION;  

 

!CAPITAL COST (CC) IN US$ FOR SILO DRYER (PER KG OF WET KERNEL); 

@GIN(LL_SILOunit); 

 

LL_SILOunit >= (LL_WKtot/5000) * LL_SILO; 

LL_CC_SILO   = 50000 * LL_SILOunit; 

 

!OPERATING COST (OC) IN US$/Y FOR SILO DRYER;  

LL_OC_SILO = 5000 * LL_SILOunit * LL_SILO; 

 

!ELECTRICITY CONSUMPTION, KW BY SILO DRYER; 

LL_E_SILO = 37.1 * LL_SILO * LL_SILOunit; 

 

!CONVERSION FOR SILO DRYER UNIT; 

LL_PK_SILO = 0.95 * LL_WKtot * LL_SILO; !PK=DRY PALM KERNEL; 

 

!------------------------------------------------------------------------------- -; 

!CLARIFICATION TECHNOLOGIES; 

@BIN(LL_2PD);  !2PD=2 PHASE DECANTER ; 

@BIN(LL_3PD);  !3PD=3 PHASE DECANTER ; 

@BIN(LL_VC) ;  !VC=VERTICAL CLARIFIER; 

@BIN(LL_VAC);  !VAC=VACUUM CLARIFIER ; 
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LL_2PD + LL_3PD + LL_VC + LL_VAC = 1; 

 

!CAPITAL COST (CC) IN US$ FOR CLARIFICATION(PER KG OF PRESSED LIQUID); 

@GIN(LL_2PDunit);     @GIN(LL_3PDunit);     @GIN(LL_VCunit);     @GIN(LL_VACunit); 

 

LL_2PDunit >= (LL_PLtot/20000) * LL_2PD; 

LL_3PDunit >= (LL_PLtot/20000) * LL_3PD; 

LL_VCunit  >= (LL_PLtot/10000) * LL_VC ; 

LL_VACunit >= (LL_PLtot/10000) * LL_VAC; 

 

LL_CC_2PD = 230000 * LL_2PDunit; 

LL_CC_3PD = 300000 * LL_3PDunit; 

LL_CC_VC  = 150000 * LL_VCunit ; 

LL_CC_VAC = 265000 * LL_VACunit; 

 

!OPERATING COST (OC) IN US$/Y FOR CLARIFICATION;  

LL_OC_2PD = 28000 * LL_2PDunit; 

LL_OC_3PD = 30000 * LL_3PDunit; 

LL_OC_VC  = 15000 * LL_VCunit ; 

LL_OC_VAC = 27500 * LL_VACunit; 

 

!ELECTRICITY CONSUMPTION, KW BY CLARIFICATION; 

LL_E_2PD = 45 * LL_2PDunit; 

LL_E_3PD = 50 * LL_3PDunit; 

LL_E_VC  = 32 * LL_VCunit ; 

LL_E_VAC = 43 * LL_VACunit; 

 

!WATER CONSUMPTION (KG/H) BY CLARIFICATION; 

LL_WATER_VC  = 0.696 * LL_PLtot * LL_VC ; 

LL_WATER_VAC = 0.696 * LL_PLtot * LL_VAC; 

 

!CONVERSION FOR CLARIFICATION; 

LL_OP_2PD       = 0.61 * LL_PLtot * LL_2PD; !OP=ORGANIC PHASE; 

LL_OP_3PD       = 0.58 * LL_PLtot * LL_3PD;  

LL_OP_VC        = 0.54 * LL_PLtot * LL_VC ; 

LL_OP_VAC       = 0.52 * LL_PLtot * LL_VAC; 

 

LL_OP_CLARIFIER = LL_OP_2PD + LL_OP_3PD + LL_OP_VC + LL_OP_VAC; 

 

LL_OPtot        = LL_OP_CLARIFIER + LL_OILCONTENT_RO_ORP + LL_OILRECOVERED_RO_OILPRESS 

+ LL_OILRECOVERED_DECANTER; 

 

LL_AP_VC        = 1.196 * LL_PLtot * LL_VC ; !AP=AQUEOUS PHASE; 

LL_AP_VAC       = 1.176 * LL_PLtot * LL_VAC; 

 

LL_AP_CLARIFIER = LL_AP_VC + LL_AP_VAC; 

 

!WATER IN RECOVERED OIL; 

LL_WATER_RO       = (LL_RO_ORP - LL_OILCONTENT_RO_ORP) + (LL_RO_OILPRESS - 

LL_OILRECOVERED_RO_OILPRESS) + (LL_RO_DECANTER - LL_OILRECOVERED_DECANTER); 

 

LL_APtot          = LL_AP_CLARIFIER; 

 

LL_POME_2PD       = 0.64 * LL_PLtot * LL_2PD; 

LL_POME_3PD       = 0.5 * LL_PLtot * LL_3PD; 

 

LL_POME_CLARIFIER = LL_POME_2PD + LL_POME_3PD + LL_WATER_RO; 

 

LL_DC_3PD         = 0.09 * LL_PLtot * LL_3PD; !DC=DECANTER CAKE; 

 

LL_DC_CLARIFIER   = LL_DC_3PD; 

 

!OIL CONTENT IN OP; 

LL_OILCONTENT_OP_2PD = 0.96 * LL_OILPERCENTAGE_PL * LL_PLtot * LL_2PD; !OIL 

REMAINING IN OP_2PD; 

LL_OILCONTENT_OP_3PD = 0.97 * LL_OILPERCENTAGE_PL * LL_PLtot * LL_3PD; !OIL 

REMAINING IN OP_3PD; 
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LL_OILCONTENT_OP_VC  = 0.95 * LL_OILPERCENTAGE_PL * LL_PLtot * LL_VC ; !OIL 

REMAINING IN OP_VC; 

LL_OILCONTENT_OP_VAC = 0.965 * LL_OILPERCENTAGE_PL * LL_PLtot * LL_VAC; !OIL 

REMAINING IN OP_VAC; 

 

LL_OILCONTENT_OP_CLARIFIER = LL_OILCONTENT_OP_2PD + LL_OILCONTENT_OP_VC + 

LL_OILCONTENT_OP_VAC + LL_OILCONTENT_OP_3PD; 

 

LL_OILCONTENT_OP           = LL_OILCONTENT_OP_CLARIFIER + LL_OILCONTENT_RO_ORP + 

LL_OILRECOVERED_RO_OILPRESS +LL_OILRECOVERED_DECANTER; 

 

LL_OILPERCENTAGE_OP        = LL_OILCONTENT_OP/ (LL_OP_CLARIFIER + LL_OILCONTENT_RO_ORP 

+ LL_OILRECOVERED_RO_OILPRESS + LL_OILRECOVERED_DECANTER); 

 

!OIL CONTENT IN AP; 

LL_OILCONTENT_AP_VC  = 0.05  * LL_OILPERCENTAGE_PL * LL_PLtot * LL_VC ; !OIL 

REMAINING IN AP_VC; 

LL_OILCONTENT_AP_VAC = 0.035 * LL_OILPERCENTAGE_PL * LL_PLtot * LL_VAC; !OIL 

REMAINING IN AP_VAC; 

 

LL_OILCONTENT_AP_CLARIFIER = LL_OILCONTENT_AP_VC + LL_OILCONTENT_AP_VAC; 

LL_OILPERCENTAGE_AP        = LL_OILCONTENT_AP_CLARIFIER/ LL_APtot; 

 

!---------------------------------------------------------------------------------- 

!PURIFICATION TECHNOLOGY; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PURIFICATION (PER KG OF OP PHASE/AP 

PHASE); 

@GIN(LL_VDunit);     @GIN(LL_DECANTERunit); 

 

LL_VDunit       >= (LL_OPtot/10000); 

LL_DECANTERunit >= (LL_APtot/20000); 

 

LL_CC_VD        = 390000 * LL_VDunit      ; 

LL_CC_DECANTER  = 300000 * LL_DECANTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR PURIFICATION; 

LL_OC_VD        = 55000 * LL_VDunit; 

LL_OC_DECANTER  = 35000 * LL_DECANTERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PURIFICATION; 

LL_E_VD         = 35 * LL_VDunit; 

LL_E_DECANTER   = 50 * LL_DECANTERunit; 

 

!CONVERSION FOR PURIFICATION; 

LL_CPO_VD        = LL_OILCONTENT_OP;    !CPO=CRUDE PALM OIL; 

 

LL_RO_DECANTER   = (1/0.7) * LL_OILRECOVERED_DECANTER; !RO=RECOVERED OIL; 

 

LL_DC_DECANTER   = 0.1091 * LL_APtot;    !DC=DECANTER CAKE; 

 

LL_POME_VD       = 0.032 * LL_OPtot; 

LL_POME_DECANTER = 0.808 * LL_APtot; 

 

LL_POME_PURIFIER = LL_POME_VD + LL_POME_DECANTER; 

 

!OIL RECOVERED IN PURIFICATION; 

LL_OILRECOVERED_DECANTER = 0.7 * LL_OILCONTENT_AP_CLARIFIER; 

 

LL_OILCONTENT_DECANTER_POME = LL_OILCONTENT_AP_CLARIFIER - LL_OILRECOVERED_DECANTER; 

 

LL_OILPERCENTAGE_DECANTER_POME = LL_OILCONTENT_DECANTER_POME/ LL_POME_DECANTER; 

 

!-- ------------------------------------------------------------------------------; 

!TOTAL STEAM LOST TO SURROUNDING; 

LL_STEAMLOSTtot = LL_STEAMLOSS_STERILISER + LL_STEAMLOSS_DIGESTER; 

 

!TOTAL OIL RECOVERED; 
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LL_OILRECOVEREDtot         = LL_OILRECOVERED_RO_OILPRESS + LL_OILRECOVERED_DECANTER 

+ LL_OILCONTENT_RO_ORP; 

 

LL_PERCENTAGE_OILRECOVERED = LL_OILRECOVEREDtot/ LL_OILCONTENT_FFB; 

 

LL_OILLOSStot              = LL_OILLOSS_STERILISER_POME + LL_OILCONTENT_EFB - 

LL_OILRECOVERED_RO_OILPRESS +  

                             LL_OILCONTENT_PC + LL_OILCONTENT_AP_CLARIFIER - 

LL_OILRECOVERED_DECANTER; 

 

LL_PERCENTAGE_OILLOSS      = LL_OILLOSStot/ LL_OILCONTENT_FFB; 

 

!TOTAL PRODUCTS GENERATED; 

LL_POMEtot = LL_POME_STERILISER + LL_POME_CLARIFIER + LL_POME_PURIFIER;  

LL_PEFBtot = LL_PEFB_OILPRESS                                         ; 

LL_PPFtot  = LL_PPF_DEPR + LL_PPF_HRDS + LL_PPF_AC + LL_PPF_COLUMN    ; 

LL_PKStot  = LL_PKS_COLUMN + LL_PKS_SKS                               ; 

LL_DCtot   = LL_DC_CLARIFIER + LL_DC_DECANTER                         ; 

LL_PKtot   = LL_PK_COLUMN + LL_PK_SILO                                ; 

LL_CPOtot  = LL_CPO_VD                                                ; 

 

LL_OILCONTENT_POME    = LL_OILLOSS_STERILISER_POME + LL_OILCONTENT_DECANTER_POME; 

 

LL_OILPERCENTAGE_POME = LL_OILCONTENT_POME/ LL_POMEtot; 

 

!PRODUCTS PERCENTAGE RELATIVE TO FFB FEED; 

LL_PERCENTAGE_POMEtot = 100 * LL_POMEtot/ LL_FFB; 

LL_PERCENTAGE_EFBtot  = 100 * LL_EFBtot / LL_FFB; 

LL_PERCENTAGE_PEFBtot = 100 * LL_PEFBtot/ LL_FFB; 

LL_PERCENTAGE_PPFtot  = 100 * LL_PPFtot / LL_FFB; 

LL_PERCENTAGE_PKStot  = 100 * LL_PKStot / LL_FFB; 

LL_PERCENTAGE_DCtot   = 100 * LL_DCtot  / LL_FFB; 

LL_PERCENTAGE_PKtot   = 100 * LL_PKtot  / LL_FFB; 

LL_PERCENTAGE_CPOtot  = 100 * LL_CPOtot / LL_FFB; 

 

LL_PERCENTAGE_OER     = 100 * LL_CPOtot / LL_FFB; 

 

!TOTAL CAPITAL COST (CAPEX); 

LL_CAPEX_POM = LL_CC_LPHS + LL_CC_HPHS + LL_CC_VS + LL_CC_TS + LL_CC_CONS + 

LL_CC_THRESHER + LL_CC_OILPRESS + LL_CC_DIGESTER + LL_CC_SPRESS + LL_CC_DPRESS + 

LL_CC_DEPR + LL_CC_HRDS + LL_CC_CRAC + LL_CC_DCRM + LL_CC_ROLEK + LL_CC_AC + 

LL_CC_COLUMN + LL_CC_CB + LL_CC_HC + LL_CC_MHC + LL_CC_SILO + LL_CC_2PD + LL_CC_VC + 

LL_CC_VAC + LL_CC_3PD + LL_CC_VD + LL_CC_DECANTER; 

 

!TOTAL UTILITY CONSUMPTION; 

LL_WATERtot = LL_WATER_CB + LL_WATER_HC + LL_WATER_MHC + LL_WATER_VC + LL_WATER_VAC; 

 

LL_LPStot_POM = LL_LPS_LPHS + LL_LPS_VS + LL_LPS_TS + LL_LPS_CONS + LL_LPS_DIGESTER; 

 

LL_MPStot_POM = LL_MPS_HPHS; 

 

LL_Etot_POM = LL_E_LPHS + LL_E_HPHS + LL_E_VS + LL_E_TS + LL_E_CONS + LL_E_THRESHER 

+ LL_E_OILPRESS + LL_E_DIGESTER + LL_E_SPRESS + LL_E_DPRESS + LL_E_DEPR + LL_E_HRDS 

+ LL_E_CRAC + LL_E_DCRM + LL_E_ROLEK + LL_E_AC + LL_E_COLUMN + LL_E_CB + LL_E_HC + 

LL_E_MHC + LL_E_SILO + LL_E_2PD + LL_E_VC  + LL_E_VAC + LL_E_3PD + LL_E_VD + 

LL_E_DECANTER; 

 

!TOTAL OPERATING COST (OPEX); 

LL_OPEX_POM = LL_OC_LPHS + LL_OC_HPHS + LL_OC_VS + LL_OC_TS + LL_OC_CONS + 

LL_OC_THRESHER + LL_OC_OILPRESS + LL_OC_DIGESTER + LL_OC_SPRESS + LL_OC_DPRESS + 

LL_OC_DEPR + LL_OC_HRDS + LL_OC_CRAC + LL_OC_DCRM + LL_OC_ROLEK + LL_OC_AC + 

LL_OC_COLUMN + LL_OC_CB + LL_OC_HC + LL_OC_MHC + LL_OC_SILO + LL_OC_2PD + LL_OC_VC + 

LL_OC_VAC + LL_OC_3PD + LL_OC_VD + LL_OC_DECANTER; 

 

!GROSS PROFIT (GP) IN US$/Y; 

LL_PROFIT_POM = AOT * (CPO_PRICE * LL_CPOtot + PK_PRICE * LL_PKtot + PEFB_PRICE * 

LL_PEFBtot + PKS_PRICE * LL_PKStot + PPF_PRICE * LL_PPFtot + DC_PRICE * LL_DCtot); 
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LL_EXPENSE_POM = AOT * (FFB_PRICE * LL_FFB + WATER_PRICE * LL_WATERtot + E_PRICE * 

LL_Etot_POM + MPS_PRICE * LL_MPStot_POM + LPS_PRICE * LL_LPStot_POM); 

 

LL_GP_POM = LL_PROFIT_POM - LL_EXPENSE_POM - LL_OPEX_POM; @FREE(LL_GP_POM); 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!MEDIUM SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

!STERILISATION TECHNOLOGIES; 

@BIN(MM_LPHS);  !LPHS = HORIZONTAL LOW-PRESSURE STERILISER; 

@BIN(MM_HPHS);  !HPHS = HORIZONTAL HIGH-PRESSURE STERILISER; 

@BIN(MM_VS);   !VS = VERTICAL STERILISER; 

@BIN(MM_TS);   !TS = TILTING STERILISER; 

@BIN(MM_CONS); !CONS = CRUSHER+CONTINUOUS STERELISER; 

MM_LPHS + MM_HPHS + MM_VS + MM_TS + MM_CONS = 1; !TO ENSURE ONLY ONE STERILISER 

TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED FOR STERILISER; 

@GIN(MM_LPHSunit); @GIN(MM_HPHSunit); @GIN(MM_VSunit); 

@GIN(MM_TSunit); GIN(MM_CONSunit); 

 

MM_LPHSunit >= (MM_FFB/20000) * MM_LPHS; 

MM_HPHSunit >= (MM_FFB/10000) * MM_HPHS; 

MM_VSunit   >= (MM_FFB/20000) * MM_VS  ; 

MM_TSunit   >= (MM_FFB/20000) * MM_TS  ; 

MM_CONSunit >= (MM_FFB/20000) * MM_CONS; 

 

MM_CC_LPHS = 1000000 * MM_LPHSunit; 

MM_CC_HPHS = 800000  * MM_HPHSunit; 

MM_CC_VS   = 1000000 * MM_VSunit  ; 

MM_CC_TS   = 1200000 * MM_TSunit  ; 

MM_CC_CONS = 1050000 * MM_CONSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR STERILISER; 

MM_OC_LPHS = 200000 * MM_LPHSunit; 

MM_OC_HPHS = 160000 * MM_HPHSunit; 

MM_OC_VS   = 120000 * MM_VSunit  ; 

MM_OC_TS   = 180000 * MM_TSunit  ; 

MM_OC_CONS = 157500 * MM_CONSunit; 

 

!STEAM REQUIREMENT,(PER KG OF FFB) BY STERILISER; 

MM_LPS_LPHS = 0.25  * MM_FFB * MM_LPHS; !LPS = LOW-PRESSURE STEAM; 

MM_MPS_HPHS = 0.2   * MM_FFB * MM_HPHS; !MPS = MEDIUM-PRESSURE STEAM; 

MM_LPS_VS   = 0.305 * MM_FFB * MM_VS  ;  

MM_LPS_TS   = 0.25  * MM_FFB * MM_TS  ; 

MM_LPS_CONS = 0.36  * MM_FFB * MM_CONS; 

 

!ELECTRICITY CONSUMPTION, KW BY STERILISER; 

MM_E_LPHS = 30   * MM_LPHSunit;  

MM_E_HPHS = 17   * MM_HPHSunit;  

MM_E_VS   = 40   * MM_VSunit  ;  

MM_E_TS   = 75.4 * MM_TSunit  ;  

MM_E_CONS = 90   * MM_CONSunit;  

 

!CONVERSION FOR STERILISER; 

MM_SFB_LPHS = 0.87 * MM_FFB * MM_LPHS; !SFB = STERILISED FRUIT BUNCH; 

MM_SFB_HPHS = 0.90 * MM_FFB * MM_HPHS; 

MM_SFB_VS   = 0.87 * MM_FFB * MM_VS  ; 

MM_SFB_TS   = 0.90 * MM_FFB * MM_TS  ; 

MM_SFB_CONS = 0.88 * MM_FFB * MM_CONS; 

 

MM_SFBtot   = MM_SFB_LPHS + MM_SFB_HPHS + MM_SFB_VS + MM_SFB_TS + MM_SFB_CONS; 

 

MM_STEAMLOSS_STERILISER = 0.15 * MM_FFB * MM_LPHS + 0.11 * MM_FFB * MM_HPHS + 0.205 

* MM_FFB * MM_VS + 0.15 * MM_FFB * MM_TS   + 0.18 * MM_FFB * MM_CONS; 

 

!POME GENERATED BY STERILISER; 
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MM_POME_LPHS = 0.23 * MM_FFB * MM_LPHS; 

MM_POME_HPHS = 0.19 * MM_FFB * MM_HPHS; 

MM_POME_VS   = 0.23 * MM_FFB * MM_VS  ; 

MM_POME_TS   = 0.23 * MM_FFB * MM_TS  ; 

MM_POME_CONS = 0.30 * MM_FFB * MM_CONS; 

 

MM_POME_STERILISER = MM_POME_LPHS + MM_POME_HPHS + MM_POME_VS + MM_POME_TS + 

MM_POME_CONS; 

 

!OIL LOSS IN STERILISER; 

MM_OILCONTENT_LPHS = 0.97  * MM_OILCONTENT_FFB * MM_LPHS; 

MM_OILCONTENT_HPHS = 0.98  * MM_OILCONTENT_FFB * MM_HPHS; 

MM_OILCONTENT_VS   = 0.95  * MM_OILCONTENT_FFB * MM_VS  ; 

MM_OILCONTENT_TS   = 0.975 * MM_OILCONTENT_FFB * MM_TS  ; 

MM_OILCONTENT_CONS = 0.97  * MM_OILCONTENT_FFB * MM_CONS; 

 

MM_OILCONTENT_SFB    = MM_OILCONTENT_LPHS + MM_OILCONTENT_HPHS + MM_OILCONTENT_VS + 

MM_OILCONTENT_TS + MM_OILCONTENT_CONS;    !OIL REMAINING IN SFB; 

 

MM_OILPERCENTAGE_SFB = MM_OILCONTENT_SFB/ MM_SFBtot;  !OIL % IN SFB; 

 

!OIL CONTENT IN STERILISER POME;  

MM_OILLOSS_STERILISER_POME       = MM_OILCONTENT_FFB - MM_OILCONTENT_SFB; !OIL LOST 

INTO POME; 

 

MM_OILPERCENTAGE_STERILISER_POME = MM_OILLOSS_STERILISER_POME/ MM_POME_STERILISER;

 !OIL % IN STERILISER POME; 

 

!---------------------------------------------------------------------------------; 

!ROTATING DRUM; 

@BIN(MM_THRESHER); 

MM_THRESHER = 1; !TO ENSURE THE THRESHER SELECTION; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR THRESHER (PER KG OF MM_SFB); 

@GIN(MM_THRESHERunit); 

 

MM_THRESHERunit >= (MM_SFBtot/50000) * MM_THRESHER; 

 

MM_CC_THRESHER  =  225000 * MM_THRESHERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR THRESHER; 

MM_OC_THRESHER = 33750 * MM_THRESHERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY THRESHER; 

MM_E_THRESHER = 28 * MM_THRESHERunit; 

 

!CONVERSION FOR THRESHER; 

MM_SFRUIT = 0.76 * MM_SFBtot * MM_THRESHER; !SFRUIT=STERILISED FRUITLET; 

 

!EMPTY FRUIT BUNCH (EFB) PRODUCED BY THRESHER; 

MM_EFB    = 0.24 * MM_SFBtot * MM_THRESHER; 

MM_EFBtot = MM_EFB; 

 

!OIL CONTENT IN STERILISED FRUITLET (SFRUIT); 

MM_OILCONTENT_SFRUIT    = 0.965 * MM_OILCONTENT_SFB * MM_THRESHER; !OIL REMAINING IN 

SFRUIT; 

 

MM_OILPERCENTAGE_SFRUIT = MM_OILCONTENT_SFRUIT/ MM_SFRUIT; 

 

!OIL CONTENT IN EFB; 

MM_OILCONTENT_EFB    = MM_OILCONTENT_SFB - MM_OILCONTENT_SFRUIT; !OIL LOST INTO 

EFB; 

 

MM_OILPERCENTAGE_EFB = MM_OILCONTENT_EFB/  MM_EFBtot;  !OIL % IN EFB; 

 

!----------- ---------------------------------------------------------------------; 

!EFB OIL RECOVERY VIA OIL PRESSING; 

@BIN(MM_OILPRESS); !OILPRESS = OIL PRESSING; 
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MM_OILPRESS = 1; !TO ENSURE THE OILPRESS SELECTION; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR EFB OIL RECOVERY (PER KG OF EFB); 

@GIN(MM_OILPRESSunit); 

 

MM_OILPRESSunit >= (MM_EFBtot/10000) * MM_OILPRESS; 

 

MM_CC_OILPRESS  =  120000 * MM_OILPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR OIL PRESSING;  

MM_OC_OILPRESS = 20000 * MM_OILPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY OIL PRESSING; 

MM_E_OILPRESS = 15 * MM_OILPRESSunit; 

 

!CONVERSION FOR EFB OIL RECOVERY UNIT; 

MM_RO_OILPRESS   = 0.1317 * MM_EFBtot * MM_OILPRESS; !RO=RECOVERED OIL; 

 

MM_PEFB_OILPRESS = 0.8683 * MM_EFBtot * MM_OILPRESS; PEFB GENERATED BY OIL PRESSING; 

 

!OIL RECOVERED IN RECOVERED OIL (RO); 

MM_OILRECOVERED_RO_OILPRESS  = 0.6 * MM_OILCONTENT_EFB * MM_OILPRESS; !OIL 

RECOVERED IN PRESSED LIQUID; 

  

MM_OILPERCENTAGE_RO_OILPRESS = MM_OILRECOVERED_RO_OILPRESS/ MM_RO_OILPRESS;

 !OIL % IN RO_OILPRESS; 

 

!OIL CONTENT IN PRESSED EMPTY FRUIT BUNCH (PEFB); 

MM_OILCONTENT_PEFB    = MM_OILCONTENT_EFB - MM_OILRECOVERED_RO_OILPRESS; !OIL LOST 

INTO PEFB; 

 

MM_OILPERCENTAGE_PEFB = MM_OILCONTENT_PEFB/ MM_PEFBtot; !OIL % IN PEFB; 

 

!----------- ---------------------------------------------------------------------; 

!DIGESTER; 

@BIN(MM_DIGESTER);  !DIGESTER=STEAM INJECTION DIGESTER; 

MM_DIGESTER = 1;  !TO ENSURE THE DIGESTER SELECTION; 

  

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR DIGESTER (PER KG OF MM_SFB); 

@GIN(MM_DIGESTERunit); 

 

MM_DIGESTERunit >= (MM_SFRUIT/20000) * MM_DIGESTER; 

 

MM_CC_DIGESTER  =  150000 * MM_DIGESTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR DIGESTER; 

MM_OC_DIGESTER = 15000 * MM_DIGESTERunit; 

 

!STEAM CONSUMPTION,(PER KG OF MM_FFB) BY DIGESTER; 

MM_LPS_DIGESTER = 0.13 * MM_SFRUIT; 

 

!ELECTRICITY CONSUMPTION, KW BY DIGESTER; 

MM_E_DIGESTER = 18 * MM_DIGESTERunit; 

 

!CONVERSION FOR DIGESTER UNIT; 

MM_DF = 1.04 * MM_SFRUIT * MM_DIGESTER; !DF=DIGESTED FRUILET; 

 

MM_STEAMLOSS_DIGESTER = 0.09 * MM_SFRUIT * MM_DIGESTER; 

 

!DIGESTED FRUITLET (DF) OIL CONTENT; 

MM_OILCONTENT_DF    = MM_OILCONTENT_SFRUIT; 

 

MM_OILPERCENTAGE_DF = MM_OILCONTENT_DF/ MM_DF;  

 

!---------------------------------------------------------------------------------; 

!PRESSING TECHNOLOGIES; 

@BIN(MM_SPRESS);  !SPRESS = SCREW PRESS;  

@BIN(MM_DPRESS);  !DPRESS = DOUBLE PRESSING; 
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MM_SPRESS + MM_DPRESS = 1; !TO ENSURE ONLY ONE PRESSING TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PRESSING UNIT (PER KG OF DIGESTED 

FRUILTLET); 

@GIN(MM_SPRESSunit);  @GIN(MM_DPRESSunit); 

 

MM_SPRESSunit >= (MM_DF/20000) * MM_SPRESS; 

MM_DPRESSunit >= (MM_DF/25000) * MM_DPRESS; 

 

MM_CC_SPRESS = 100000 * MM_SPRESSunit; 

MM_CC_DPRESS = 180000 * MM_DPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR PRESSING; 

MM_OC_SPRESS = 20000 * MM_SPRESSunit; 

MM_OC_DPRESS = 36000 * MM_DPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PRESSING; 

MM_E_SPRESS = 25 * MM_SPRESSunit; 

MM_E_DPRESS = 40 * MM_DPRESSunit; 

 

!CONVERSION FOR PRESSING UNIT; 

MM_PL_SPRESS = 0.58 * MM_DF * MM_SPRESS; !PL=PRESSED LIQUID; 

MM_PL_DPRESS = 0.60 * MM_DF * MM_DPRESS; 

 

MM_PLtot     = MM_PL_SPRESS + MM_PL_DPRESS; 

 

MM_PC_SPRESS = 0.42 * MM_DF * MM_SPRESS; !PC=PRESSED CAKE; 

MM_PC_DPRESS = 0.40 * MM_DF * MM_DPRESS; 

 

MM_PCtot     = MM_PC_SPRESS + MM_PC_DPRESS; 

 

!OIL CONTENT IN PRESED LIQUID (PL); 

MM_OILCONTENT_PL_SPRESS = 0.95 * MM_OILPERCENTAGE_DF * MM_DF * MM_SPRESS; 

MM_OILCONTENT_PL_DPRESS = 0.97 * MM_OILPERCENTAGE_DF * MM_DF * MM_DPRESS; 

 

MM_OILCONTENT_PL    = MM_OILCONTENT_PL_SPRESS + MM_OILCONTENT_PL_DPRESS; !OIL 

REMAINING IN THE PL; 

   

MM_OILPERCENTAGE_PL = MM_OILCONTENT_PL/ MM_PLtot;  !OIL % IN PL; 

 

!OIL CONTENT IN PRESSED CAKE (PC); 

MM_OILCONTENT_PC_SPRESS = 0.05 * MM_OILPERCENTAGE_DF * MM_DF * MM_SPRESS; 

MM_OILCONTENT_PC_DPRESS = 0.03 * MM_OILPERCENTAGE_DF * MM_DF * MM_DPRESS; 

 

MM_OILCONTENT_PC    = MM_OILCONTENT_PC_SPRESS + MM_OILCONTENT_PC_DPRESS; !OIL LOSS 

INTO PRESSED CAKE; 

 

MM_OILPERCENTAGE_PC = MM_OILCONTENT_PC/ MM_PCtot; !OIL % IN PC; 

 

!---------------- ----------------------------------------------------------------; 

!NUT SEPARATION TECHNOLOGIES; 

@BIN(MM_DEPR);   !DEPR = DEPERICARPER; 

@BIN(MM_HRDS);   !HRDS = HORIZONTAL ROTATING FRUM SEPARATOR; 

MM_DEPR + MM_HRDS = 1; !TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUT SEPARATION (PER KG OF PRESSED 

CAKE); 

@GIN(MM_DEPRunit);  @GIN(MM_HRDSunit); 

 

MM_DEPRunit >= (MM_PCtot/10000) * MM_DEPR; 

MM_HRDSunit >= (MM_PCtot/10000) * MM_HRDS; 

 

MM_CC_DEPR = 250000 * MM_DEPRunit; 

MM_CC_HRDS = 200000 * MM_HRDSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUT SEPARATION; 

MM_OC_DEPR = 25000 * MM_DEPRunit; 

MM_OC_HRDS = 30000 * MM_HRDSunit; 
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!ELECTRICITY CONSUMPTION BY NUT SEPARATION; 

MM_E_DEPR = 68.6 * MM_DEPRunit; 

MM_E_HRDS = 55.2 * MM_HRDSunit; 

 

!CONVERSION FOR NUT SEPARATION; 

MM_PFN_DEPR = 0.59 * MM_PCtot * MM_DEPR; !PFN=PALM FRUIT NUT; 

MM_PFN_HRDS = 0.58 * MM_PCtot * MM_HRDS; 

 

MM_PFNtot = MM_PFN_DEPR + MM_PFN_HRDS; 

 

MM_PPF_DEPR = 0.41 * MM_PCtot * MM_DEPR; !PPF=PALM PRESSED FIBRE; 

MM_PPF_HRDS = 0.42 * MM_PCtot * MM_HRDS; 

 

!OIL CONTENT IN PALM PRESSED FIBRE (PPF); 

MM_OILCONTENT_PPF    = MM_OILCONTENT_PC; 

 

MM_OILPERCENTAGE_PPF = MM_OILCONTENT_PPF/ MM_PPFtot;  !OIL % IN PPF; 

!---------------------------------------------------------------------------------; 

!NUTCRACKER TECHNOLOGIES; 

@BIN(MM_CRAC); !CRAC=NUT SILO+NUTCRACKER;  

@BIN(MM_DCRM); !DCRM=DOUBLE CRACKER RIPPLE MILL; 

@BIN(MM_ROLEK); !ROLEK=ROLEK NUTCRACKER; 

MM_CRAC + MM_DCRM + MM_ROLEK = 1; !TO ENSURE ONLY ONE CRACKING TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUTCRACKER (PER KG OF PALM FRUIT 

NUT); 

@GIN(MM_CRACunit);  @GIN(MM_DCRMunit);  @GIN(MM_ROLEKunit); 

 

MM_CRACunit  >= (MM_PFNtot/8000)  * MM_CRAC ;  

MM_DCRMunit  >= (MM_PFNtot/8000)  * MM_DCRM ; 

MM_ROLEKunit >= (MM_PFNtot/10000) * MM_ROLEK; 

 

MM_CC_CRAC  = 130000 * MM_CRACunit ; 

MM_CC_DCRM  = 175000 * MM_DCRMunit ; 

MM_CC_ROLEK = 180000 * MM_ROLEKunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUTCRACKER; 

MM_OC_CRAC  = 26000 * MM_CRACunit ; 

MM_OC_DCRM  = 35000 * MM_DCRMunit ; 

MM_OC_ROLEK = 36000 * MM_ROLEKunit; 

 

!ELECTRICITY CONSUMPTION, KW BY NUTCRACKER; 

MM_E_CRAC  = 26.4 * MM_CRACunit ; 

MM_E_DCRM  = 35.3 * MM_DCRMunit ; 

MM_E_ROLEK = 31.1 * MM_ROLEKunit; 

 

!CONVERSION FOR NUTCRACKER UNIT; 

MM_CRACKEDNUT_CRAC    = 0.95 * MM_PFNtot * MM_CRAC ; 

MM_CRACKEDNUT_DCRM    = 0.98 * MM_PFNtot * MM_DCRM ; 

MM_CRACKEDNUT_ROLEK   = 0.99 * MM_PFNtot * MM_ROLEK; 

 

MM_UNCRACKEDNUT_CRAC  = 0.05 * MM_PFNtot * MM_CRAC ; 

MM_UNCRACKEDNUT_DCRM  = 0.02 * MM_PFNtot * MM_DCRM ; 

MM_UNCRACKEDNUT_ROLEK = 0.01 * MM_PFNtot * MM_ROLEK; 

 

MM_CM1 = MM_CRACKEDNUT_CRAC + MM_CRACKEDNUT_DCRM; !CM=CRACKED MIXTURE; 

MM_CM2 = MM_CRACKEDNUT_ROLEK; 

 

!---- ----------------------------------------------------------------------------; 

!LIGHT PARTICLE SEPARATION TECHNOLOGIES; 

@BIN(MM_AC);    !AC=AIR CYCLONE; 

@BIN(MM_COLUMN);  !COLUMN=4 STAGE WINNOWING COLUMN; 

MM_AC + MM_COLUMN = 1; !TO ENSURE ONLY ONE LIGHT PARTICLE SEPARATION TECHNOLOGY 

SELECTED; 

MM_AC * (MM_CRAC + MM_DCRM) + MM_COLUMN * MM_ROLEK = 1; !TO ENSURE ONLY ONE 

PATHWAY SELECTED; 
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!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR LIGHT PARTICLE SEPARATION TECHNOLOGY 

(PER KG OF CRACKED MIXTURE); 

@GIN(MM_ACunit);  @GIN(MM_COLUMNunit); 

 

MM_ACunit     >= (MM_CM1/8000)  * MM_AC    ; 

MM_COLUMNunit >= (MM_CM2/15000) * MM_COLUMN; 

 

MM_CC_AC     = 70000  * MM_ACunit; 

MM_CC_COLUMN = 250000 * MM_COLUMNunit; 

 

!OPERATING COST (OC) IN US$/Y FOR LIGHT PARTICLE SEPARATION TECHNOLOGY; 

MM_OC_AC     = 10000 * MM_ACunit     ; 

MM_OC_COLUMN = 13000 * MM_COLUMNunit ; 

 

!ELECTRICITY CONSUMPTION, KW BY LIGHT PARTICLE SEPARATION TECHNOLOGY; 

MM_E_AC     = 18.6 * MM_ACunit    ; 

MM_E_COLUMN = 29.2 * MM_COLUMNunit; 

 

!CONVERSION FOR LIGHT PARTICLE SEPARATION; 

MM_CNtot    = 0.81  * MM_CM1 * MM_AC    ; !CRACKED NUT GENERATED; 

MM_PPF_AC     = 0.19  * MM_CM1 * MM_AC    ; !PPF GENERATED; 

MM_PPF_COLUMN = 0.19  * MM_CM2 * MM_COLUMN; 

MM_PKS_COLUMN = 0.357 * MM_CM2 * MM_COLUMN; !PKS GENERATED; 

MM_PK_COLUMN  = 0.453 * MM_CM2 * MM_COLUMN; !PALM KERNEL GENERATED; 

 

!---------------------------------------------------------------------------------; 

!SHELL-KERNEL SEPARATION TECHNOLOGIES; 

@BIN(MM_CB);  !CB=CLAY BATH; 

@BIN(MM_HC);  !HC=HYDROCYCLONE; 

@BIN(MM_MHC); !MHC=MODIFIED HYDROCYCLONE; 

MM_CB + MM_HC + MM_MHC = 1; !TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ FOR SHELL-KERNEL SEPARATION (PER KG NUT CRACKED); 

@GIN(MM_CBunit);     @GIN(MM_HCunit);     @GIN(MM_MHCunit); 

 

MM_CBunit  >= (MM_CNtot/5000) * MM_CB ; 

MM_HCunit  >= (MM_CNtot/5000) * MM_HC ; 

MM_MHCunit >= (MM_CNtot/5000) * MM_MHC; 

 

MM_CC_CB  = 35000 * MM_CBunit ; 

MM_CC_HC  = 40000 * MM_HCunit ; 

MM_CC_MHC = 50000 * MM_MHCunit; 

 

!OPERATING COST (OC) IN US$/Y  FOR SHELL-KERNEL SEPARATION;  

MM_OC_CB  = 3500 * MM_CBunit  ; 

MM_OC_HC  = 4000 * MM_HCunit  ; 

MM_OC_MHC = 5000 * MM_MHCunit ; 

 

!ELECTRICITY CONSUMPTION, KW BY SHELL-KERNEL SEPARATION; 

MM_E_CB  = 40.2 * MM_CBunit ; 

MM_E_HC  = 37.5 * MM_HCunit ; 

MM_E_MHC = 30.5 * MM_MHCunit; 

 

!WATER CONSUMPTION, KG/H BY SHELL-KERNEL SEPARATION; 

MM_WATER_CB  = 1.7 * MM_CNtot * MM_CB ; 

MM_WATER_HC  = 1.5 * MM_CNtot * MM_HC ; 

MM_WATER_MHC = 1.5 * MM_CNtot * MM_MHC; 

 

!CONVERSION FOR SHELL-KERNEL SEPARATION; 

MM_WK_CB   = 0.571 * MM_CNtot * MM_CB ; !WK=WET KERNEL; 

MM_WK_HC   = 0.571 * MM_CNtot * MM_HC ; 

MM_WK_MHC  = 0.571 * MM_CNtot * MM_MHC; 

 

MM_WKtot   = MM_WK_CB + MM_WK_HC + MM_WK_MHC; 

 

MM_WW_CB   = 1.7   * MM_CNtot * MM_CB ; !WW GENERATED BY SHELL-KERNEL SEPARATION; 

MM_WW_HC   = 1.5   * MM_CNtot * MM_HC ; 

MM_WW_MHC  = 1.5   * MM_CNtot * MM_MHC; 
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MM_WWtot  = MM_WW_CB + MM_WW_HC + MM_WW_MHC;  

 

MM_PKS_CB  = 0.429 * MM_CNtot * MM_CB ; !PKS=PALM KERNEL SHELL; 

MM_PKS_HC  = 0.429 * MM_CNtot * MM_HC ; 

MM_PKS_MHC = 0.429 * MM_CNtot * MM_MHC; 

 

MM_PKS_SKS = MM_PKS_CB + MM_PKS_HC + MM_PKS_MHC; 

 

!---------------------------------------------------------------------------------; 

!WET KERNEL (WK) DRYING TECHNOLOGY; 

@BIN(MM_SILO);  !SILO=SILO DRYER; 

MM_SILO = 1;   !TO ENSURE THE SILO SELECTION;  

 

!CAPITAL COST (CC) IN US$ FOR SILO DRYER (PER KG OF WET KERNEL); 

@GIN(MM_SILOunit); 

 

MM_SILOunit >= (MM_WKtot/5000) * MM_SILO; 

MM_CC_SILO   = 50000 * MM_SILOunit; 

 

!OPERATING COST (OC) IN US$/Y FOR SILO DRYER;  

MM_OC_SILO = 5000 * MM_SILOunit * MM_SILO; 

 

!ELECTRICITY CONSUMPTION, KW BY SILO DRYER; 

MM_E_SILO = 37.1 * MM_SILO * MM_SILOunit; 

 

!CONVERSION FOR SILO DRYER UNIT; 

MM_PK_SILO = 0.95 * MM_WKtot * MM_SILO; !PK=DRY PALM KERNEL; 

 

!------------------------------------------------------------------------------- -; 

!CLARIFICATION TECHNOLOGIES; 

@BIN(MM_2PD);  !2PD=2 PHASE DECANTER ; 

@BIN(MM_3PD);  !3PD=3 PHASE DECANTER ; 

@BIN(MM_VC) ;  !VC=VERTICAL CLARIFIER; 

@BIN(MM_VAC);  !VAC=VACUUM CLARIFIER ; 

MM_2PD + MM_3PD + MM_VC + MM_VAC = 1; 

 

!CAPITAL COST (CC) IN US$ FOR CLARIFICATION(PER KG OF PRESSED LIQUID); 

@GIN(MM_2PDunit);     @GIN(MM_3PDunit);     @GIN(MM_VCunit);     @GIN(MM_VACunit); 

 

MM_2PDunit >= (MM_PLtot/20000) * MM_2PD; 

MM_3PDunit >= (MM_PLtot/20000) * MM_3PD; 

MM_VCunit  >= (MM_PLtot/10000) * MM_VC ; 

MM_VACunit >= (MM_PLtot/10000) * MM_VAC; 

 

MM_CC_2PD = 230000 * MM_2PDunit; 

MM_CC_3PD = 300000 * MM_3PDunit; 

MM_CC_VC  = 150000 * MM_VCunit ; 

MM_CC_VAC = 265000 * MM_VACunit; 

 

!OPERATING COST (OC) IN US$/Y FOR CLARIFICATION;  

MM_OC_2PD = 28000 * MM_2PDunit; 

MM_OC_3PD = 30000 * MM_3PDunit; 

MM_OC_VC  = 15000 * MM_VCunit ; 

MM_OC_VAC = 27500 * MM_VACunit; 

 

!ELECTRICITY CONSUMPTION, KW BY CLARIFICATION; 

MM_E_2PD = 45 * MM_2PDunit; 

MM_E_3PD = 50 * MM_3PDunit; 

MM_E_VC  = 32 * MM_VCunit ; 

MM_E_VAC = 43 * MM_VACunit; 

 

!WATER CONSUMPTION (KG/H) BY CLARIFICATION; 

MM_WATER_VC  = 0.696 * MM_PLtot * MM_VC ; 

MM_WATER_VAC = 0.696 * MM_PLtot * MM_VAC; 

 

!CONVERSION FOR CLARIFICATION; 

MM_OP_2PD       = 0.61 * MM_PLtot * MM_2PD; !OP=ORGANIC PHASE; 
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MM_OP_3PD       = 0.58 * MM_PLtot * MM_3PD;  

MM_OP_VC        = 0.54 * MM_PLtot * MM_VC ; 

MM_OP_VAC       = 0.52 * MM_PLtot * MM_VAC; 

 

MM_OP_CLARIFIER = MM_OP_2PD + MM_OP_3PD + MM_OP_VC + MM_OP_VAC; 

 

MM_OPtot        = MM_OP_CLARIFIER + MM_OILCONTENT_RO_ORP + MM_OILRECOVERED_RO_OILPRESS 

+ MM_OILRECOVERED_DECANTER; 

 

MM_AP_VC        = 1.196 * MM_PLtot * MM_VC ; !AP=AQUEOUS PHASE; 

MM_AP_VAC       = 1.176 * MM_PLtot * MM_VAC; 

 

MM_AP_CLARIFIER = MM_AP_VC + MM_AP_VAC; 

 

!WATER IN RECOVERED OIL; 

MM_WATER_RO       = (MM_RO_ORP - MM_OILCONTENT_RO_ORP) + (MM_RO_OILPRESS - 

MM_OILRECOVERED_RO_OILPRESS) + (MM_RO_DECANTER - MM_OILRECOVERED_DECANTER); 

 

MM_APtot          = MM_AP_CLARIFIER; 

 

MM_POME_2PD       = 0.64 * MM_PLtot * MM_2PD; 

MM_POME_3PD       = 0.5 * MM_PLtot * MM_3PD; 

 

MM_POME_CLARIFIER = MM_POME_2PD + MM_POME_3PD + MM_WATER_RO; 

 

MM_DC_3PD         = 0.09 * MM_PLtot * MM_3PD; !DC=DECANTER CAKE; 

 

MM_DC_CLARIFIER   = MM_DC_3PD; 

 

!OIL CONTENT IN OP; 

MM_OILCONTENT_OP_2PD = 0.96 * MM_OILPERCENTAGE_PL * MM_PLtot * MM_2PD; !OIL 

REMAINING IN OP_2PD; 

MM_OILCONTENT_OP_3PD = 0.97 * MM_OILPERCENTAGE_PL * MM_PLtot * MM_3PD; !OIL 

REMAINING IN OP_3PD; 

MM_OILCONTENT_OP_VC  = 0.95 * MM_OILPERCENTAGE_PL * MM_PLtot * MM_VC ; !OIL 

REMAINING IN OP_VC; 

MM_OILCONTENT_OP_VAC = 0.965 * MM_OILPERCENTAGE_PL * MM_PLtot * MM_VAC; !OIL 

REMAINING IN OP_VAC; 

 

MM_OILCONTENT_OP_CLARIFIER = MM_OILCONTENT_OP_2PD + MM_OILCONTENT_OP_VC + 

MM_OILCONTENT_OP_VAC + MM_OILCONTENT_OP_3PD; 

 

MM_OILCONTENT_OP           = MM_OILCONTENT_OP_CLARIFIER + MM_OILCONTENT_RO_ORP + 

MM_OILRECOVERED_RO_OILPRESS +MM_OILRECOVERED_DECANTER; 

 

MM_OILPERCENTAGE_OP        = MM_OILCONTENT_OP/ (MM_OP_CLARIFIER + MM_OILCONTENT_RO_ORP 

+ MM_OILRECOVERED_RO_OILPRESS + MM_OILRECOVERED_DECANTER); 

 

!OIL CONTENT IN AP; 

MM_OILCONTENT_AP_VC  = 0.05  * MM_OILPERCENTAGE_PL * MM_PLtot * MM_VC ; !OIL 

REMAINING IN AP_VC; 

MM_OILCONTENT_AP_VAC = 0.035 * MM_OILPERCENTAGE_PL * MM_PLtot * MM_VAC; !OIL 

REMAINING IN AP_VAC; 

 

MM_OILCONTENT_AP_CLARIFIER = MM_OILCONTENT_AP_VC + MM_OILCONTENT_AP_VAC; 

MM_OILPERCENTAGE_AP        = MM_OILCONTENT_AP_CLARIFIER/ MM_APtot; 

 

!---------------------------------------------------------------------------------- 

!PURIFICATION TECHNOLOGY; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PURIFICATION (PER KG OF OP PHASE/AP 

PHASE); 

@GIN(MM_VDunit);     @GIN(MM_DECANTERunit); 

 

MM_VDunit       >= (MM_OPtot/10000); 

MM_DECANTERunit >= (MM_APtot/20000); 

 

MM_CC_VD        = 390000 * MM_VDunit      ; 
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MM_CC_DECANTER  = 300000 * MM_DECANTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR PURIFICATION; 

MM_OC_VD        = 55000 * MM_VDunit; 

MM_OC_DECANTER  = 35000 * MM_DECANTERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PURIFICATION; 

MM_E_VD         = 35 * MM_VDunit; 

MM_E_DECANTER   = 50 * MM_DECANTERunit; 

 

!CONVERSION FOR PURIFICATION; 

MM_CPO_VD        = MM_OILCONTENT_OP;    !CPO=CRUDE PALM OIL; 

 

MM_RO_DECANTER   = (1/0.7) * MM_OILRECOVERED_DECANTER; !RO=RECOVERED OIL; 

 

MM_DC_DECANTER   = 0.1091 * MM_APtot;    !DC=DECANTER CAKE; 

 

MM_POME_VD       = 0.032 * MM_OPtot; 

MM_POME_DECANTER = 0.808 * MM_APtot; 

 

MM_POME_PURIFIER = MM_POME_VD + MM_POME_DECANTER; 

 

!OIL RECOVERED IN PURIFICATION; 

MM_OILRECOVERED_DECANTER = 0.7 * MM_OILCONTENT_AP_CLARIFIER; 

 

MM_OILCONTENT_DECANTER_POME = MM_OILCONTENT_AP_CLARIFIER - MM_OILRECOVERED_DECANTER; 

 

MM_OILPERCENTAGE_DECANTER_POME = MM_OILCONTENT_DECANTER_POME/ MM_POME_DECANTER; 

 

!-- ------------------------------------------------------------------------------; 

!TOTAL STEAM LOST TO SURROUNDING; 

MM_STEAMLOSTtot = MM_STEAMLOSS_STERILISER + MM_STEAMLOSS_DIGESTER; 

 

!TOTAL OIL RECOVERED; 

MM_OILRECOVEREDtot         = MM_OILRECOVERED_RO_OILPRESS + MM_OILRECOVERED_DECANTER 

+ MM_OILCONTENT_RO_ORP; 

 

MM_PERCENTAGE_OILRECOVERED = MM_OILRECOVEREDtot/ MM_OILCONTENT_FFB; 

 

MM_OILLOSStot              = MM_OILLOSS_STERILISER_POME + MM_OILCONTENT_EFB - 

MM_OILRECOVERED_RO_OILPRESS +  

                             MM_OILCONTENT_PC + MM_OILCONTENT_AP_CLARIFIER - 

MM_OILRECOVERED_DECANTER; 

 

MM_PERCENTAGE_OILLOSS      = MM_OILLOSStot/ MM_OILCONTENT_FFB; 

 

!TOTAL PRODUCTS GENERATED; 

MM_POMEtot = MM_POME_STERILISER + MM_POME_CLARIFIER + MM_POME_PURIFIER;  

MM_PEFBtot = MM_PEFB_OILPRESS                                         ; 

MM_PPFtot  = MM_PPF_DEPR + MM_PPF_HRDS + MM_PPF_AC + MM_PPF_COLUMN    ; 

MM_PKStot  = MM_PKS_COLUMN + MM_PKS_SKS                               ; 

MM_DCtot   = MM_DC_CLARIFIER + MM_DC_DECANTER                         ; 

MM_PKtot   = MM_PK_COLUMN + MM_PK_SILO                                ; 

MM_CPOtot  = MM_CPO_VD                                                ; 

 

MM_OILCONTENT_POME    = MM_OILLOSS_STERILISER_POME + MM_OILCONTENT_DECANTER_POME; 

 

MM_OILPERCENTAGE_POME = MM_OILCONTENT_POME/ MM_POMEtot; 

 

!PRODUCTS PERCENTAGE RELATIVE TO FFB FEED; 

MM_PERCENTAGE_POMEtot = 100 * MM_POMEtot/ MM_FFB; 

MM_PERCENTAGE_EFBtot  = 100 * MM_EFBtot / MM_FFB; 

MM_PERCENTAGE_PEFBtot = 100 * MM_PEFBtot/ MM_FFB; 

MM_PERCENTAGE_PPFtot  = 100 * MM_PPFtot / MM_FFB; 

MM_PERCENTAGE_PKStot  = 100 * MM_PKStot / MM_FFB; 

MM_PERCENTAGE_DCtot   = 100 * MM_DCtot  / MM_FFB; 

MM_PERCENTAGE_PKtot   = 100 * MM_PKtot  / MM_FFB; 

MM_PERCENTAGE_CPOtot  = 100 * MM_CPOtot / MM_FFB; 
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MM_PERCENTAGE_OER     = 100 * MM_CPOtot / MM_FFB; 

 

!TOTAL CAPITAL COST (CAPEX); 

MM_CAPEX_POM = MM_CC_LPHS + MM_CC_HPHS + MM_CC_VS + MM_CC_TS + MM_CC_CONS + 

MM_CC_THRESHER + MM_CC_OILPRESS + MM_CC_DIGESTER + MM_CC_SPRESS + MM_CC_DPRESS + 

MM_CC_DEPR + MM_CC_HRDS + MM_CC_CRAC + MM_CC_DCRM + MM_CC_ROLEK + MM_CC_AC + 

MM_CC_COLUMN + MM_CC_CB + MM_CC_HC + MM_CC_MHC + MM_CC_SILO + MM_CC_2PD + MM_CC_VC + 

MM_CC_VAC + MM_CC_3PD + MM_CC_VD + MM_CC_DECANTER; 

 

!TOTAL UTILITY CONSUMPTION; 

MM_WATERtot = MM_WATER_CB + MM_WATER_HC + MM_WATER_MHC + MM_WATER_VC + MM_WATER_VAC; 

 

MM_LPStot_POM = MM_LPS_LPHS + MM_LPS_VS + MM_LPS_TS + MM_LPS_CONS + MM_LPS_DIGESTER; 

 

MM_MPStot_POM = MM_MPS_HPHS; 

 

MM_Etot_POM = MM_E_LPHS + MM_E_HPHS + MM_E_VS + MM_E_TS + MM_E_CONS + MM_E_THRESHER 

+ MM_E_OILPRESS + MM_E_DIGESTER + MM_E_SPRESS + MM_E_DPRESS + MM_E_DEPR + MM_E_HRDS 

+ MM_E_CRAC + MM_E_DCRM + MM_E_ROLEK + MM_E_AC + MM_E_COLUMN + MM_E_CB + MM_E_HC + 

MM_E_MHC + MM_E_SILO + MM_E_2PD + MM_E_VC  + MM_E_VAC + MM_E_3PD + MM_E_VD + 

MM_E_DECANTER; 

 

!TOTAL OPERATING COST (OPEX); 

MM_OPEX_POM = MM_OC_LPHS + MM_OC_HPHS + MM_OC_VS + MM_OC_TS + MM_OC_CONS + 

MM_OC_THRESHER + MM_OC_OILPRESS + MM_OC_DIGESTER + MM_OC_SPRESS + MM_OC_DPRESS + 

MM_OC_DEPR + MM_OC_HRDS + MM_OC_CRAC + MM_OC_DCRM + MM_OC_ROLEK + MM_OC_AC + 

MM_OC_COLUMN + MM_OC_CB + MM_OC_HC + MM_OC_MHC + MM_OC_SILO + MM_OC_2PD + MM_OC_VC + 

MM_OC_VAC + MM_OC_3PD + MM_OC_VD + MM_OC_DECANTER; 

 

!GROSS PROFIT (GP) IN US$/Y; 

MM_PROFIT_POM = AOT * (CPO_PRICE * MM_CPOtot + PK_PRICE * MM_PKtot + PEFB_PRICE * 

MM_PEFBtot + PKS_PRICE * MM_PKStot + PPF_PRICE * MM_PPFtot + DC_PRICE * MM_DCtot); 

MM_EXPENSE_POM = AOT * (FFB_PRICE * MM_FFB + WATER_PRICE * MM_WATERtot + E_PRICE * 

MM_Etot_POM + MPS_PRICE * MM_MPStot_POM + LPS_PRICE * MM_LPStot_POM); 

 

MM_GP_POM = MM_PROFIT_POM - MM_EXPENSE_POM - MM_OPEX_POM; @FREE(MM_GP_POM); 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!HIGH SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

!STERILISATION TECHNOLOGIES; 

@BIN(HH_LPHS);  !LPHS = HORIZONTAL LOW-PRESSURE STERILISER; 

@BIN(HH_HPHS);  !HPHS = HORIZONTAL HIGH-PRESSURE STERILISER; 

@BIN(HH_VS);   !VS = VERTICAL STERILISER; 

@BIN(HH_TS);   !TS = TILTING STERILISER; 

@BIN(HH_CONS); !CONS = CRUSHER+CONTINUOUS STERELISER; 

HH_LPHS + HH_HPHS + HH_VS + HH_TS + HH_CONS = 1; !TO ENSURE ONLY ONE STERILISER 

TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED FOR STERILISER; 

@GIN(HH_LPHSunit); @GIN(HH_HPHSunit); @GIN(HH_VSunit); 

@GIN(HH_TSunit); GIN(HH_CONSunit); 

 

HH_LPHSunit >= (HH_FFB/20000) * HH_LPHS; 

HH_HPHSunit >= (HH_FFB/10000) * HH_HPHS; 

HH_VSunit   >= (HH_FFB/20000) * HH_VS  ; 

HH_TSunit   >= (HH_FFB/20000) * HH_TS  ; 

HH_CONSunit >= (HH_FFB/20000) * HH_CONS; 

 

HH_CC_LPHS = 1000000 * HH_LPHSunit; 

HH_CC_HPHS = 800000  * HH_HPHSunit; 

HH_CC_VS   = 1000000 * HH_VSunit  ; 

HH_CC_TS   = 1200000 * HH_TSunit  ; 

HH_CC_CONS = 1050000 * HH_CONSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR STERILISER; 
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HH_OC_LPHS = 200000 * HH_LPHSunit; 

HH_OC_HPHS = 160000 * HH_HPHSunit; 

HH_OC_VS   = 120000 * HH_VSunit  ; 

HH_OC_TS   = 180000 * HH_TSunit  ; 

HH_OC_CONS = 157500 * HH_CONSunit; 

 

!STEAM REQUIREMENT,(PER KG OF FFB) BY STERILISER; 

HH_LPS_LPHS = 0.25  * HH_FFB * HH_LPHS; !LPS = LOW-PRESSURE STEAM; 

HH_MPS_HPHS = 0.2   * HH_FFB * HH_HPHS; !MPS = MEDIUM-PRESSURE STEAM; 

HH_LPS_VS   = 0.305 * HH_FFB * HH_VS  ;  

HH_LPS_TS   = 0.25  * HH_FFB * HH_TS  ; 

HH_LPS_CONS = 0.36  * HH_FFB * HH_CONS; 

 

!ELECTRICITY CONSUMPTION, KW BY STERILISER; 

HH_E_LPHS = 30   * HH_LPHSunit;  

HH_E_HPHS = 17   * HH_HPHSunit;  

HH_E_VS   = 40   * HH_VSunit  ;  

HH_E_TS   = 75.4 * HH_TSunit  ;  

HH_E_CONS = 90   * HH_CONSunit;  

 

!CONVERSION FOR STERILISER; 

HH_SFB_LPHS = 0.87 * HH_FFB * HH_LPHS; !SFB = STERILISED FRUIT BUNCH; 

HH_SFB_HPHS = 0.90 * HH_FFB * HH_HPHS; 

HH_SFB_VS   = 0.87 * HH_FFB * HH_VS  ; 

HH_SFB_TS   = 0.90 * HH_FFB * HH_TS  ; 

HH_SFB_CONS = 0.88 * HH_FFB * HH_CONS; 

 

HH_SFBtot   = HH_SFB_LPHS + HH_SFB_HPHS + HH_SFB_VS + HH_SFB_TS + HH_SFB_CONS; 

 

HH_STEAMLOSS_STERILISER = 0.15 * HH_FFB * HH_LPHS + 0.11 * HH_FFB * HH_HPHS + 0.205 

* HH_FFB * HH_VS + 0.15 * HH_FFB * HH_TS   + 0.18 * HH_FFB * HH_CONS; 

 

!POME GENERATED BY STERILISER; 

HH_POME_LPHS = 0.23 * HH_FFB * HH_LPHS; 

HH_POME_HPHS = 0.19 * HH_FFB * HH_HPHS; 

HH_POME_VS   = 0.23 * HH_FFB * HH_VS  ; 

HH_POME_TS   = 0.23 * HH_FFB * HH_TS  ; 

HH_POME_CONS = 0.30 * HH_FFB * HH_CONS; 

 

HH_POME_STERILISER = HH_POME_LPHS + HH_POME_HPHS + HH_POME_VS + HH_POME_TS + 

HH_POME_CONS; 

 

!OIL LOSS IN STERILISER; 

HH_OILCONTENT_LPHS = 0.97  * HH_OILCONTENT_FFB * HH_LPHS; 

HH_OILCONTENT_HPHS = 0.98  * HH_OILCONTENT_FFB * HH_HPHS; 

HH_OILCONTENT_VS   = 0.95  * HH_OILCONTENT_FFB * HH_VS  ; 

HH_OILCONTENT_TS   = 0.975 * HH_OILCONTENT_FFB * HH_TS  ; 

HH_OILCONTENT_CONS = 0.97  * HH_OILCONTENT_FFB * HH_CONS; 

 

HH_OILCONTENT_SFB    = HH_OILCONTENT_LPHS + HH_OILCONTENT_HPHS + HH_OILCONTENT_VS + 

HH_OILCONTENT_TS + HH_OILCONTENT_CONS;    !OIL REMAINING IN SFB; 

 

HH_OILPERCENTAGE_SFB = HH_OILCONTENT_SFB/ HH_SFBtot;  !OIL % IN SFB; 

 

!OIL CONTENT IN STERILISER POME;  

HH_OILLOSS_STERILISER_POME       = HH_OILCONTENT_FFB - HH_OILCONTENT_SFB; !OIL LOST 

INTO POME; 

 

HH_OILPERCENTAGE_STERILISER_POME = HH_OILLOSS_STERILISER_POME/ HH_POME_STERILISER;

 !OIL % IN STERILISER POME; 

 

!----------------- ---------------------------------------------------------------; 

!ROTATING DRUM; 

@BIN(HH_THRESHER); 

HH_THRESHER = 1; !TO ENSURE THE THRESHER SELECTION; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR THRESHER (PER KG OF HH_SFB); 

@GIN(HH_THRESHERunit); 
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HH_THRESHERunit >= (HH_SFBtot/50000) * HH_THRESHER; 

 

HH_CC_THRESHER  =  225000 * HH_THRESHERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR THRESHER; 

HH_OC_THRESHER = 33750 * HH_THRESHERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY THRESHER; 

HH_E_THRESHER = 28 * HH_THRESHERunit; 

 

!CONVERSION FOR THRESHER; 

HH_SFRUIT = 0.76 * HH_SFBtot * HH_THRESHER; !SFRUIT=STERILISED FRUITLET; 

 

!EMPTY FRUIT BUNCH (EFB) PRODUCED BY THRESHER; 

HH_EFB    = 0.24 * HH_SFBtot * HH_THRESHER; 

HH_EFBtot = HH_EFB; 

 

!OIL CONTENT IN STERILISED FRUITLET (SFRUIT); 

HH_OILCONTENT_SFRUIT    = 0.965 * HH_OILCONTENT_SFB * HH_THRESHER; !OIL REMAINING IN 

SFRUIT; 

 

HH_OILPERCENTAGE_SFRUIT = HH_OILCONTENT_SFRUIT/ HH_SFRUIT; 

 

!OIL CONTENT IN EFB; 

HH_OILCONTENT_EFB    = HH_OILCONTENT_SFB - HH_OILCONTENT_SFRUIT; !OIL LOST INTO 

EFB; 

 

HH_OILPERCENTAGE_EFB = HH_OILCONTENT_EFB/  HH_EFBtot;  !OIL % IN EFB; 

 

!----------- ---------------------------------------------------------------------; 

!EFB OIL RECOVERY VIA OIL PRESSING; 

@BIN(HH_OILPRESS); !OILPRESS = OIL PRESSING; 

HH_OILPRESS = 1; !TO ENSURE THE OILPRESS SELECTION; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR EFB OIL RECOVERY (PER KG OF EFB); 

@GIN(HH_OILPRESSunit); 

 

HH_OILPRESSunit >= (HH_EFBtot/10000) * HH_OILPRESS; 

 

HH_CC_OILPRESS  =  120000 * HH_OILPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR OIL PRESSING;  

HH_OC_OILPRESS = 20000 * HH_OILPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY OIL PRESSING; 

HH_E_OILPRESS = 15 * HH_OILPRESSunit; 

 

!CONVERSION FOR EFB OIL RECOVERY UNIT; 

HH_RO_OILPRESS   = 0.1317 * HH_EFBtot * HH_OILPRESS; !RO=RECOVERED OIL; 

 

HH_PEFB_OILPRESS = 0.8683 * HH_EFBtot * HH_OILPRESS; PEFB GENERATED BY OIL PRESSING; 

 

!OIL RECOVERED IN RECOVERED OIL (RO); 

HH_OILRECOVERED_RO_OILPRESS  = 0.6 * HH_OILCONTENT_EFB * HH_OILPRESS; !OIL 

RECOVERED IN PRESSED LIQUID; 

  

HH_OILPERCENTAGE_RO_OILPRESS = HH_OILRECOVERED_RO_OILPRESS/ HH_RO_OILPRESS;

 !OIL % IN RO_OILPRESS; 

 

!OIL CONTENT IN PRESSED EMPTY FRUIT BUNCH (PEFB); 

HH_OILCONTENT_PEFB    = HH_OILCONTENT_EFB - HH_OILRECOVERED_RO_OILPRESS; !OIL LOST 

INTO PEFB; 

 

HH_OILPERCENTAGE_PEFB = HH_OILCONTENT_PEFB/ HH_PEFBtot; !OIL % IN PEFB; 

 

!----------- ---------------------------------------------------------------------; 

!DIGESTER; 
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@BIN(HH_DIGESTER);  !DIGESTER=STEAM INJECTION DIGESTER; 

HH_DIGESTER = 1;  !TO ENSURE THE DIGESTER SELECTION; 

  

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR DIGESTER (PER KG OF HH_SFB); 

@GIN(HH_DIGESTERunit); 

 

HH_DIGESTERunit >= (HH_SFRUIT/20000) * HH_DIGESTER; 

 

HH_CC_DIGESTER  =  150000 * HH_DIGESTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR DIGESTER; 

HH_OC_DIGESTER = 15000 * HH_DIGESTERunit; 

 

!STEAM CONSUMPTION,(PER KG OF HH_FFB) BY DIGESTER; 

HH_LPS_DIGESTER = 0.13 * HH_SFRUIT; 

 

!ELECTRICITY CONSUMPTION, KW BY DIGESTER; 

HH_E_DIGESTER = 18 * HH_DIGESTERunit; 

 

!CONVERSION FOR DIGESTER UNIT; 

HH_DF = 1.04 * HH_SFRUIT * HH_DIGESTER; !DF=DIGESTED FRUILET; 

 

HH_STEAMLOSS_DIGESTER = 0.09 * HH_SFRUIT * HH_DIGESTER; 

 

!DIGESTED FRUITLET (DF) OIL CONTENT; 

HH_OILCONTENT_DF    = HH_OILCONTENT_SFRUIT; 

 

HH_OILPERCENTAGE_DF = HH_OILCONTENT_DF/ HH_DF;  

 

!---------------------------------------------------------------------------------; 

!PRESSING TECHNOLOGIES; 

@BIN(HH_SPRESS);  !SPRESS = SCREW PRESS;  

@BIN(HH_DPRESS);  !DPRESS = DOUBLE PRESSING; 

HH_SPRESS + HH_DPRESS = 1; !TO ENSURE ONLY ONE PRESSING TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PRESSING UNIT (PER KG OF DIGESTED 

FRUILTLET); 

@GIN(HH_SPRESSunit);  @GIN(HH_DPRESSunit); 

 

HH_SPRESSunit >= (HH_DF/20000) * HH_SPRESS; 

HH_DPRESSunit >= (HH_DF/25000) * HH_DPRESS; 

 

HH_CC_SPRESS = 100000 * HH_SPRESSunit; 

HH_CC_DPRESS = 180000 * HH_DPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR PRESSING; 

HH_OC_SPRESS = 20000 * HH_SPRESSunit; 

HH_OC_DPRESS = 36000 * HH_DPRESSunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PRESSING; 

HH_E_SPRESS = 25 * HH_SPRESSunit; 

HH_E_DPRESS = 40 * HH_DPRESSunit; 

 

!CONVERSION FOR PRESSING UNIT; 

HH_PL_SPRESS = 0.58 * HH_DF * HH_SPRESS; !PL=PRESSED LIQUID; 

HH_PL_DPRESS = 0.60 * HH_DF * HH_DPRESS; 

 

HH_PLtot     = HH_PL_SPRESS + HH_PL_DPRESS; 

 

HH_PC_SPRESS = 0.42 * HH_DF * HH_SPRESS; !PC=PRESSED CAKE; 

HH_PC_DPRESS = 0.40 * HH_DF * HH_DPRESS; 

 

HH_PCtot     = HH_PC_SPRESS + HH_PC_DPRESS; 

 

!OIL CONTENT IN PRESED LIQUID (PL); 

HH_OILCONTENT_PL_SPRESS = 0.95 * HH_OILPERCENTAGE_DF * HH_DF * HH_SPRESS; 

HH_OILCONTENT_PL_DPRESS = 0.97 * HH_OILPERCENTAGE_DF * HH_DF * HH_DPRESS; 
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HH_OILCONTENT_PL    = HH_OILCONTENT_PL_SPRESS + HH_OILCONTENT_PL_DPRESS; !OIL 

REMAINING IN THE PL; 

   

HH_OILPERCENTAGE_PL = HH_OILCONTENT_PL/ HH_PLtot;  !OIL % IN PL; 

 

!OIL CONTENT IN PRESSED CAKE (PC); 

HH_OILCONTENT_PC_SPRESS = 0.05 * HH_OILPERCENTAGE_DF * HH_DF * HH_SPRESS; 

HH_OILCONTENT_PC_DPRESS = 0.03 * HH_OILPERCENTAGE_DF * HH_DF * HH_DPRESS; 

 

HH_OILCONTENT_PC    = HH_OILCONTENT_PC_SPRESS + HH_OILCONTENT_PC_DPRESS; !OIL LOSS 

INTO PRESSED CAKE; 

 

HH_OILPERCENTAGE_PC = HH_OILCONTENT_PC/ HH_PCtot; !OIL % IN PC; 

 

!---------------- ----------------------------------------------------------------; 

!NUT SEPARATION TECHNOLOGIES; 

@BIN(HH_DEPR);   !DEPR = DEPERICARPER; 

@BIN(HH_HRDS);   !HRDS = HORIZONTAL ROTATING FRUM SEPARATOR; 

HH_DEPR + HH_HRDS = 1; !TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUT SEPARATION (PER KG OF PRESSED 

CAKE); 

@GIN(HH_DEPRunit);  @GIN(HH_HRDSunit); 

 

HH_DEPRunit >= (HH_PCtot/10000) * HH_DEPR; 

HH_HRDSunit >= (HH_PCtot/10000) * HH_HRDS; 

 

HH_CC_DEPR = 250000 * HH_DEPRunit; 

HH_CC_HRDS = 200000 * HH_HRDSunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUT SEPARATION; 

HH_OC_DEPR = 25000 * HH_DEPRunit; 

HH_OC_HRDS = 30000 * HH_HRDSunit; 

 

!ELECTRICITY CONSUMPTION BY NUT SEPARATION; 

HH_E_DEPR = 68.6 * HH_DEPRunit; 

HH_E_HRDS = 55.2 * HH_HRDSunit; 

 

!CONVERSION FOR NUT SEPARATION; 

HH_PFN_DEPR = 0.59 * HH_PCtot * HH_DEPR; !PFN=PALM FRUIT NUT; 

HH_PFN_HRDS = 0.58 * HH_PCtot * HH_HRDS; 

 

HH_PFNtot = HH_PFN_DEPR + HH_PFN_HRDS; 

 

HH_PPF_DEPR = 0.41 * HH_PCtot * HH_DEPR; !PPF=PALM PRESSED FIBRE; 

HH_PPF_HRDS = 0.42 * HH_PCtot * HH_HRDS; 

 

!OIL CONTENT IN PALM PRESSED FIBRE (PPF); 

HH_OILCONTENT_PPF    = HH_OILCONTENT_PC; 

 

HH_OILPERCENTAGE_PPF = HH_OILCONTENT_PPF/ HH_PPFtot;  !OIL % IN PPF; 

!---------------------------------------------------------------------------------; 

!NUTCRACKER TECHNOLOGIES; 

@BIN(HH_CRAC); !CRAC=NUT SILO+NUTCRACKER;  

@BIN(HH_DCRM); !DCRM=DOUBLE CRACKER RIPPLE MILL; 

@BIN(HH_ROLEK); !ROLEK=ROLEK NUTCRACKER; 

HH_CRAC + HH_DCRM + HH_ROLEK = 1; !TO ENSURE ONLY ONE CRACKING TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR NUTCRACKER (PER KG OF PALM FRUIT 

NUT); 

@GIN(HH_CRACunit);  @GIN(HH_DCRMunit);  @GIN(HH_ROLEKunit); 

 

HH_CRACunit  >= (HH_PFNtot/8000)  * HH_CRAC ;  

HH_DCRMunit  >= (HH_PFNtot/8000)  * HH_DCRM ; 

HH_ROLEKunit >= (HH_PFNtot/10000) * HH_ROLEK; 

 

HH_CC_CRAC  = 130000 * HH_CRACunit ; 

HH_CC_DCRM  = 175000 * HH_DCRMunit ; 
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HH_CC_ROLEK = 180000 * HH_ROLEKunit; 

 

!OPERATING COST (OC) IN US$/Y FOR NUTCRACKER; 

HH_OC_CRAC  = 26000 * HH_CRACunit ; 

HH_OC_DCRM  = 35000 * HH_DCRMunit ; 

HH_OC_ROLEK = 36000 * HH_ROLEKunit; 

 

!ELECTRICITY CONSUMPTION, KW BY NUTCRACKER; 

HH_E_CRAC  = 26.4 * HH_CRACunit ; 

HH_E_DCRM  = 35.3 * HH_DCRMunit ; 

HH_E_ROLEK = 31.1 * HH_ROLEKunit; 

 

!CONVERSION FOR NUTCRACKER UNIT; 

HH_CRACKEDNUT_CRAC    = 0.95 * HH_PFNtot * HH_CRAC ; 

HH_CRACKEDNUT_DCRM    = 0.98 * HH_PFNtot * HH_DCRM ; 

HH_CRACKEDNUT_ROLEK   = 0.99 * HH_PFNtot * HH_ROLEK; 

 

HH_UNCRACKEDNUT_CRAC  = 0.05 * HH_PFNtot * HH_CRAC ; 

HH_UNCRACKEDNUT_DCRM  = 0.02 * HH_PFNtot * HH_DCRM ; 

HH_UNCRACKEDNUT_ROLEK = 0.01 * HH_PFNtot * HH_ROLEK; 

 

HH_CM1 = HH_CRACKEDNUT_CRAC + HH_CRACKEDNUT_DCRM; !CM=CRACKED MIXTURE; 

HH_CM2 = HH_CRACKEDNUT_ROLEK; 

 

!---- ----------------------------------------------------------------------------; 

!LIGHT PARTICLE SEPARATION TECHNOLOGIES; 

@BIN(HH_AC);    !AC=AIR CYCLONE; 

@BIN(HH_COLUMN);  !COLUMN=4 STAGE WINNOWING COLUMN; 

HH_AC + HH_COLUMN = 1; !TO ENSURE ONLY ONE LIGHT PARTICLE SEPARATION TECHNOLOGY 

SELECTED; 

HH_AC * (HH_CRAC + HH_DCRM) + HH_COLUMN * HH_ROLEK = 1; !TO ENSURE ONLY ONE 

PATHWAY SELECTED; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR LIGHT PARTICLE SEPARATION TECHNOLOGY 

(PER KG OF CRACKED MIXTURE); 

@GIN(HH_ACunit);  @GIN(HH_COLUMNunit); 

 

HH_ACunit     >= (HH_CM1/8000)  * HH_AC    ; 

HH_COLUMNunit >= (HH_CM2/15000) * HH_COLUMN; 

 

HH_CC_AC     = 70000  * HH_ACunit; 

HH_CC_COLUMN = 250000 * HH_COLUMNunit; 

 

!OPERATING COST (OC) IN US$/Y FOR LIGHT PARTICLE SEPARATION TECHNOLOGY; 

HH_OC_AC     = 10000 * HH_ACunit     ; 

HH_OC_COLUMN = 13000 * HH_COLUMNunit ; 

 

!ELECTRICITY CONSUMPTION, KW BY LIGHT PARTICLE SEPARATION TECHNOLOGY; 

HH_E_AC     = 18.6 * HH_ACunit    ; 

HH_E_COLUMN = 29.2 * HH_COLUMNunit; 

 

!CONVERSION FOR LIGHT PARTICLE SEPARATION; 

HH_CNtot    = 0.81  * HH_CM1 * HH_AC    ; !CRACKED NUT GENERATED; 

HH_PPF_AC     = 0.19  * HH_CM1 * HH_AC    ; !PPF GENERATED; 

HH_PPF_COLUMN = 0.19  * HH_CM2 * HH_COLUMN; 

HH_PKS_COLUMN = 0.357 * HH_CM2 * HH_COLUMN; !PKS GENERATED; 

HH_PK_COLUMN  = 0.453 * HH_CM2 * HH_COLUMN; !PALM KERNEL GENERATED; 

 

!---------------------------------------------------------------------------------; 

!SHELL-KERNEL SEPARATION TECHNOLOGIES; 

@BIN(HH_CB);  !CB=CLAY BATH; 

@BIN(HH_HC);  !HC=HYDROCYCLONE; 

@BIN(HH_MHC); !MHC=MODIFIED HYDROCYCLONE; 

HH_CB + HH_HC + HH_MHC = 1; !TO ENSURE ONLY ONE SEPARATION TECHNOLOGY SELECTED; 

 

!CAPITAL COST (CC) IN US$ FOR SHELL-KERNEL SEPARATION (PER KG NUT CRACKED); 

@GIN(HH_CBunit);     @GIN(HH_HCunit);     @GIN(HH_MHCunit); 

 



Appendices 

lv 

HH_CBunit  >= (HH_CNtot/5000) * HH_CB ; 

HH_HCunit  >= (HH_CNtot/5000) * HH_HC ; 

HH_MHCunit >= (HH_CNtot/5000) * HH_MHC; 

 

HH_CC_CB  = 35000 * HH_CBunit ; 

HH_CC_HC  = 40000 * HH_HCunit ; 

HH_CC_MHC = 50000 * HH_MHCunit; 

 

!OPERATING COST (OC) IN US$/Y  FOR SHELL-KERNEL SEPARATION;  

HH_OC_CB  = 3500 * HH_CBunit  ; 

HH_OC_HC  = 4000 * HH_HCunit  ; 

HH_OC_MHC = 5000 * HH_MHCunit ; 

 

!ELECTRICITY CONSUMPTION, KW BY SHELL-KERNEL SEPARATION; 

HH_E_CB  = 40.2 * HH_CBunit ; 

HH_E_HC  = 37.5 * HH_HCunit ; 

HH_E_MHC = 30.5 * HH_MHCunit; 

 

!WATER CONSUMPTION, KG/H BY SHELL-KERNEL SEPARATION; 

HH_WATER_CB  = 1.7 * HH_CNtot * HH_CB ; 

HH_WATER_HC  = 1.5 * HH_CNtot * HH_HC ; 

HH_WATER_MHC = 1.5 * HH_CNtot * HH_MHC; 

 

!CONVERSION FOR SHELL-KERNEL SEPARATION; 

HH_WK_CB   = 0.571 * HH_CNtot * HH_CB ; !WK=WET KERNEL; 

HH_WK_HC   = 0.571 * HH_CNtot * HH_HC ; 

HH_WK_MHC  = 0.571 * HH_CNtot * HH_MHC; 

 

HH_WKtot   = HH_WK_CB + HH_WK_HC + HH_WK_MHC; 

 

HH_WW_CB   = 1.7   * HH_CNtot * HH_CB ; !WW GENERATED BY SHELL-KERNEL SEPARATION; 

HH_WW_HC   = 1.5   * HH_CNtot * HH_HC ; 

HH_WW_MHC  = 1.5   * HH_CNtot * HH_MHC; 

 

HH_WWtot  = HH_WW_CB + HH_WW_HC + HH_WW_MHC;  

 

HH_PKS_CB  = 0.429 * HH_CNtot * HH_CB ; !PKS=PALM KERNEL SHELL; 

HH_PKS_HC  = 0.429 * HH_CNtot * HH_HC ; 

HH_PKS_MHC = 0.429 * HH_CNtot * HH_MHC; 

 

HH_PKS_SKS = HH_PKS_CB + HH_PKS_HC + HH_PKS_MHC; 

 

!---------------------------------------------------------------------------------; 

!WET KERNEL (WK) DRYING TECHNOLOGY; 

@BIN(HH_SILO);  !SILO=SILO DRYER; 

HH_SILO = 1;   !TO ENSURE THE SILO SELECTION;  

 

!CAPITAL COST (CC) IN US$ FOR SILO DRYER (PER KG OF WET KERNEL); 

@GIN(HH_SILOunit); 

 

HH_SILOunit >= (HH_WKtot/5000) * HH_SILO; 

HH_CC_SILO   = 50000 * HH_SILOunit; 

 

!OPERATING COST (OC) IN US$/Y FOR SILO DRYER;  

HH_OC_SILO = 5000 * HH_SILOunit * HH_SILO; 

 

!ELECTRICITY CONSUMPTION, KW BY SILO DRYER; 

HH_E_SILO = 37.1 * HH_SILO * HH_SILOunit; 

 

!CONVERSION FOR SILO DRYER UNIT; 

HH_PK_SILO = 0.95 * HH_WKtot * HH_SILO; !PK=DRY PALM KERNEL; 

 

!------------------------------------------------------------------------------- -; 

!CLARIFICATION TECHNOLOGIES; 

@BIN(HH_2PD);  !2PD=2 PHASE DECANTER ; 

@BIN(HH_3PD);  !3PD=3 PHASE DECANTER ; 

@BIN(HH_VC) ;  !VC=VERTICAL CLARIFIER; 

@BIN(HH_VAC);  !VAC=VACUUM CLARIFIER ; 
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HH_2PD + HH_3PD + HH_VC + HH_VAC = 1; 

 

!CAPITAL COST (CC) IN US$ FOR CLARIFICATION(PER KG OF PRESSED LIQUID); 

@GIN(HH_2PDunit);     @GIN(HH_3PDunit);     @GIN(HH_VCunit);     @GIN(HH_VACunit); 

 

HH_2PDunit >= (HH_PLtot/20000) * HH_2PD; 

HH_3PDunit >= (HH_PLtot/20000) * HH_3PD; 

HH_VCunit  >= (HH_PLtot/10000) * HH_VC ; 

HH_VACunit >= (HH_PLtot/10000) * HH_VAC; 

 

HH_CC_2PD = 230000 * HH_2PDunit; 

HH_CC_3PD = 300000 * HH_3PDunit; 

HH_CC_VC  = 150000 * HH_VCunit ; 

HH_CC_VAC = 265000 * HH_VACunit; 

 

!OPERATING COST (OC) IN US$/Y FOR CLARIFICATION;  

HH_OC_2PD = 28000 * HH_2PDunit; 

HH_OC_3PD = 30000 * HH_3PDunit; 

HH_OC_VC  = 15000 * HH_VCunit ; 

HH_OC_VAC = 27500 * HH_VACunit; 

 

!ELECTRICITY CONSUMPTION, KW BY CLARIFICATION; 

HH_E_2PD = 45 * HH_2PDunit; 

HH_E_3PD = 50 * HH_3PDunit; 

HH_E_VC  = 32 * HH_VCunit ; 

HH_E_VAC = 43 * HH_VACunit; 

 

!WATER CONSUMPTION (KG/H) BY CLARIFICATION; 

HH_WATER_VC  = 0.696 * HH_PLtot * HH_VC ; 

HH_WATER_VAC = 0.696 * HH_PLtot * HH_VAC; 

 

!CONVERSION FOR CLARIFICATION; 

HH_OP_2PD       = 0.61 * HH_PLtot * HH_2PD; !OP=ORGANIC PHASE; 

HH_OP_3PD       = 0.58 * HH_PLtot * HH_3PD;  

HH_OP_VC        = 0.54 * HH_PLtot * HH_VC ; 

HH_OP_VAC       = 0.52 * HH_PLtot * HH_VAC; 

 

HH_OP_CLARIFIER = HH_OP_2PD + HH_OP_3PD + HH_OP_VC + HH_OP_VAC; 

 

HH_OPtot        = HH_OP_CLARIFIER + HH_OILCONTENT_RO_ORP + HH_OILRECOVERED_RO_OILPRESS 

+ HH_OILRECOVERED_DECANTER; 

 

HH_AP_VC        = 1.196 * HH_PLtot * HH_VC ; !AP=AQUEOUS PHASE; 

HH_AP_VAC       = 1.176 * HH_PLtot * HH_VAC; 

 

HH_AP_CLARIFIER = HH_AP_VC + HH_AP_VAC; 

 

!WATER IN RECOVERED OIL; 

HH_WATER_RO       = (HH_RO_ORP - HH_OILCONTENT_RO_ORP) + (HH_RO_OILPRESS - 

HH_OILRECOVERED_RO_OILPRESS) + (HH_RO_DECANTER - HH_OILRECOVERED_DECANTER); 

 

HH_APtot          = HH_AP_CLARIFIER; 

 

HH_POME_2PD       = 0.64 * HH_PLtot * HH_2PD; 

HH_POME_3PD       = 0.5 * HH_PLtot * HH_3PD; 

 

HH_POME_CLARIFIER = HH_POME_2PD + HH_POME_3PD + HH_WATER_RO; 

 

HH_DC_3PD         = 0.09 * HH_PLtot * HH_3PD; !DC=DECANTER CAKE; 

 

HH_DC_CLARIFIER   = HH_DC_3PD; 

 

!OIL CONTENT IN OP; 

HH_OILCONTENT_OP_2PD = 0.96 * HH_OILPERCENTAGE_PL * HH_PLtot * HH_2PD; !OIL 

REMAINING IN OP_2PD; 

HH_OILCONTENT_OP_3PD = 0.97 * HH_OILPERCENTAGE_PL * HH_PLtot * HH_3PD; !OIL 

REMAINING IN OP_3PD; 
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HH_OILCONTENT_OP_VC  = 0.95 * HH_OILPERCENTAGE_PL * HH_PLtot * HH_VC ; !OIL 

REMAINING IN OP_VC; 

HH_OILCONTENT_OP_VAC = 0.965 * HH_OILPERCENTAGE_PL * HH_PLtot * HH_VAC; !OIL 

REMAINING IN OP_VAC; 

 

HH_OILCONTENT_OP_CLARIFIER = HH_OILCONTENT_OP_2PD + HH_OILCONTENT_OP_VC + 

HH_OILCONTENT_OP_VAC + HH_OILCONTENT_OP_3PD; 

 

HH_OILCONTENT_OP           = HH_OILCONTENT_OP_CLARIFIER + HH_OILCONTENT_RO_ORP + 

HH_OILRECOVERED_RO_OILPRESS +HH_OILRECOVERED_DECANTER; 

 

HH_OILPERCENTAGE_OP        = HH_OILCONTENT_OP/ (HH_OP_CLARIFIER + HH_OILCONTENT_RO_ORP 

+ HH_OILRECOVERED_RO_OILPRESS + HH_OILRECOVERED_DECANTER); 

 

!OIL CONTENT IN AP; 

HH_OILCONTENT_AP_VC  = 0.05  * HH_OILPERCENTAGE_PL * HH_PLtot * HH_VC ; !OIL 

REMAINING IN AP_VC; 

HH_OILCONTENT_AP_VAC = 0.035 * HH_OILPERCENTAGE_PL * HH_PLtot * HH_VAC; !OIL 

REMAINING IN AP_VAC; 

 

HH_OILCONTENT_AP_CLARIFIER = HH_OILCONTENT_AP_VC + HH_OILCONTENT_AP_VAC; 

HH_OILPERCENTAGE_AP        = HH_OILCONTENT_AP_CLARIFIER/ HH_APtot; 

 

!---------------------------------------------------------------------------------- 

!PURIFICATION TECHNOLOGY; 

 

!CAPITAL COST (CC) IN US$ AND UNIT REQUIRED FOR PURIFICATION (PER KG OF OP PHASE/AP 

PHASE); 

@GIN(HH_VDunit);     @GIN(HH_DECANTERunit); 

 

HH_VDunit       >= (HH_OPtot/10000); 

HH_DECANTERunit >= (HH_APtot/20000); 

 

HH_CC_VD        = 390000 * HH_VDunit      ; 

HH_CC_DECANTER  = 300000 * HH_DECANTERunit; 

 

!OPERATING COST (OC) IN US$/Y FOR PURIFICATION; 

HH_OC_VD        = 55000 * HH_VDunit; 

HH_OC_DECANTER  = 35000 * HH_DECANTERunit; 

 

!ELECTRICITY CONSUMPTION, KW BY PURIFICATION; 

HH_E_VD         = 35 * HH_VDunit; 

HH_E_DECANTER   = 50 * HH_DECANTERunit; 

 

!CONVERSION FOR PURIFICATION; 

HH_CPO_VD        = HH_OILCONTENT_OP;    !CPO=CRUDE PALM OIL; 

 

HH_RO_DECANTER   = (1/0.7) * HH_OILRECOVERED_DECANTER; !RO=RECOVERED OIL; 

 

HH_DC_DECANTER   = 0.1091 * HH_APtot;    !DC=DECANTER CAKE; 

 

HH_POME_VD       = 0.032 * HH_OPtot; 

HH_POME_DECANTER = 0.808 * HH_APtot; 

 

HH_POME_PURIFIER = HH_POME_VD + HH_POME_DECANTER; 

 

!OIL RECOVERED IN PURIFICATION; 

HH_OILRECOVERED_DECANTER = 0.7 * HH_OILCONTENT_AP_CLARIFIER; 

 

HH_OILCONTENT_DECANTER_POME = HH_OILCONTENT_AP_CLARIFIER - HH_OILRECOVERED_DECANTER; 

 

HH_OILPERCENTAGE_DECANTER_POME = HH_OILCONTENT_DECANTER_POME/ HH_POME_DECANTER; 

 

!-- ------------------------------------------------------------------------------; 

!TOTAL STEAM LOST TO SURROUNDING; 

HH_STEAMLOSTtot = HH_STEAMLOSS_STERILISER + HH_STEAMLOSS_DIGESTER; 

 

!TOTAL OIL RECOVERED; 
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HH_OILRECOVEREDtot         = HH_OILRECOVERED_RO_OILPRESS + HH_OILRECOVERED_DECANTER 

+ HH_OILCONTENT_RO_ORP; 

 

HH_PERCENTAGE_OILRECOVERED = HH_OILRECOVEREDtot/ HH_OILCONTENT_FFB; 

 

HH_OILLOSStot              = HH_OILLOSS_STERILISER_POME + HH_OILCONTENT_EFB - 

HH_OILRECOVERED_RO_OILPRESS +  

                             HH_OILCONTENT_PC + HH_OILCONTENT_AP_CLARIFIER - 

HH_OILRECOVERED_DECANTER; 

 

HH_PERCENTAGE_OILLOSS      = HH_OILLOSStot/ HH_OILCONTENT_FFB; 

 

!TOTAL PRODUCTS GENERATED; 

HH_POMEtot = HH_POME_STERILISER + HH_POME_CLARIFIER + HH_POME_PURIFIER;  

HH_PEFBtot = HH_PEFB_OILPRESS                                         ; 

HH_PPFtot  = HH_PPF_DEPR + HH_PPF_HRDS + HH_PPF_AC + HH_PPF_COLUMN    ; 

HH_PKStot  = HH_PKS_COLUMN + HH_PKS_SKS                               ; 

HH_DCtot   = HH_DC_CLARIFIER + HH_DC_DECANTER                         ; 

HH_PKtot   = HH_PK_COLUMN + HH_PK_SILO                                ; 

HH_CPOtot  = HH_CPO_VD                                                ; 

 

HH_OILCONTENT_POME    = HH_OILLOSS_STERILISER_POME + HH_OILCONTENT_DECANTER_POME; 

 

HH_OILPERCENTAGE_POME = HH_OILCONTENT_POME/ HH_POMEtot; 

 

!PRODUCTS PERCENTAGE RELATIVE TO FFB FEED; 

HH_PERCENTAGE_POMEtot = 100 * HH_POMEtot/ HH_FFB; 

HH_PERCENTAGE_EFBtot  = 100 * HH_EFBtot / HH_FFB; 

HH_PERCENTAGE_PEFBtot = 100 * HH_PEFBtot/ HH_FFB; 

HH_PERCENTAGE_PPFtot  = 100 * HH_PPFtot / HH_FFB; 

HH_PERCENTAGE_PKStot  = 100 * HH_PKStot / HH_FFB; 

HH_PERCENTAGE_DCtot   = 100 * HH_DCtot  / HH_FFB; 

HH_PERCENTAGE_PKtot   = 100 * HH_PKtot  / HH_FFB; 

HH_PERCENTAGE_CPOtot  = 100 * HH_CPOtot / HH_FFB; 

 

HH_PERCENTAGE_OER     = 100 * HH_CPOtot / HH_FFB; 

 

!TOTAL CAPITAL COST (CAPEX); 

HH_CAPEX_POM = HH_CC_LPHS + HH_CC_HPHS + HH_CC_VS + HH_CC_TS + HH_CC_CONS + 

HH_CC_THRESHER + HH_CC_OILPRESS + HH_CC_DIGESTER + HH_CC_SPRESS + HH_CC_DPRESS + 

HH_CC_DEPR + HH_CC_HRDS + HH_CC_CRAC + HH_CC_DCRM + HH_CC_ROLEK + HH_CC_AC + 

HH_CC_COLUMN + HH_CC_CB + HH_CC_HC + HH_CC_MHC + HH_CC_SILO + HH_CC_2PD + HH_CC_VC + 

HH_CC_VAC + HH_CC_3PD + HH_CC_VD + HH_CC_DECANTER; 

 

!TOTAL UTILITY CONSUMPTION; 

HH_WATERtot = HH_WATER_CB + HH_WATER_HC + HH_WATER_MHC + HH_WATER_VC + HH_WATER_VAC; 

 

HH_LPStot_POM = HH_LPS_LPHS + HH_LPS_VS + HH_LPS_TS + HH_LPS_CONS + HH_LPS_DIGESTER; 

 

HH_MPStot_POM = HH_MPS_HPHS; 

 

HH_Etot_POM = HH_E_LPHS + HH_E_HPHS + HH_E_VS + HH_E_TS + HH_E_CONS + HH_E_THRESHER 

+ HH_E_OILPRESS + HH_E_DIGESTER + HH_E_SPRESS + HH_E_DPRESS + HH_E_DEPR + HH_E_HRDS 

+ HH_E_CRAC + HH_E_DCRM + HH_E_ROLEK + HH_E_AC + HH_E_COLUMN + HH_E_CB + HH_E_HC + 

HH_E_MHC + HH_E_SILO + HH_E_2PD + HH_E_VC  + HH_E_VAC + HH_E_3PD + HH_E_VD + 

HH_E_DECANTER; 

 

!TOTAL OPERATING COST (OPEX); 

HH_OPEX_POM = HH_OC_LPHS + HH_OC_HPHS + HH_OC_VS + HH_OC_TS + HH_OC_CONS + 

HH_OC_THRESHER + HH_OC_OILPRESS + HH_OC_DIGESTER + HH_OC_SPRESS + HH_OC_DPRESS + 

HH_OC_DEPR + HH_OC_HRDS + HH_OC_CRAC + HH_OC_DCRM + HH_OC_ROLEK + HH_OC_AC + 

HH_OC_COLUMN + HH_OC_CB + HH_OC_HC + HH_OC_MHC + HH_OC_SILO + HH_OC_2PD + HH_OC_VC + 

HH_OC_VAC + HH_OC_3PD + HH_OC_VD + HH_OC_DECANTER; 

 

!GROSS PROFIT (GP) IN US$/Y; 

HH_PROFIT_POM = AOT * (CPO_PRICE * HH_CPOtot + PK_PRICE * HH_PKtot + PEFB_PRICE * 

HH_PEFBtot + PKS_PRICE * HH_PKStot + PPF_PRICE * HH_PPFtot + DC_PRICE * HH_DCtot); 
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HH_EXPENSE_POM = AOT * (FFB_PRICE * HH_FFB + WATER_PRICE * HH_WATERtot + E_PRICE * 

HH_Etot_POM + MPS_PRICE * HH_MPStot_POM + LPS_PRICE * HH_LPStot_POM); 

 

HH_GP_POM = HH_PROFIT_POM - HH_EXPENSE_POM - HH_OPEX_POM; @FREE(HH_GP_POM); 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!ADDITIONAL CONSTRAINTS TO ENSURE SIMILAR POM PATHWAYS FOR ALL SEASONS; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

HH_LPHSunit     >= MM_LPHSunit;  MM_LPHSunit     >= LL_LPHSunit; 

HH_HPHSunit     >= MM_HPHSunit;  MM_HPHSunit     >= LL_HPHSunit; 

HH_VSunit       >= MM_VSunit;  MM_VSunit       >= LL_VSunit; 

HH_TSunit       >= MM_TSunit;  MM_TSunit       >= LL_TSunit; 

HH_CONSunit     >= MM_CONSunit;  MM_CONSunit     >= LL_CONSunit; 

 

HH_THRESHERunit >= MM_THRESHERunit; MM_THRESHERunit >= LL_THRESHERunit; 

 

HH_OILPRESSunit >= MM_OILPRESSunit; MM_OILPRESSunit >= LL_OILPRESSunit; 

 

HH_DIGESTERunit >= MM_DIGESTERunit; MM_DIGESTERunit >= LL_DIGESTERunit; 

 

HH_SPRESSunit   >= MM_SPRESSunit;  MM_SPRESSunit   >= LL_SPRESSunit; 

HH_DPRESSunit   >= MM_DPRESSunit;  MM_DPRESSunit   >= LL_DPRESSunit;  

 

HH_DEPRunit     >= MM_DEPRunit;  MM_DEPRunit     >= LL_DEPRunit; 

HH_HRDSunit     >= MM_HRDSunit;  MM_HRDSunit     >= LL_HRDSunit; 

HH_CRACunit     >= MM_CRACunit;  MM_CRACunit     >= LL_CRACunit; 

HH_DCRMunit     >= MM_DCRMunit;  MM_DCRMunit     >= LL_DCRMunit; 

HH_ROLEKunit    >= MM_ROLEKunit;  MM_ROLEKunit    >= LL_ROLEKunit; 

  

HH_ACunit       >= MM_ACunit;  MM_ACunit       >= LL_ACunit; 

HH_COLUMNunit   >= MM_COLUMNunit;  MM_COLUMNunit   >= LL_COLUMNunit; 

 

HH_CBunit       >= MM_CBunit;  MM_CBunit       >= LL_CBunit; 

HH_HCunit       >= MM_HCunit;  MM_HCunit       >= LL_HCunit; 

HH_MHCunit      >= MM_MHCunit;  MM_MHCunit      >= LL_MHCunit; 

HH_SILOunit     >= MM_SILOunit;  MM_SILOunit     >= LL_SILOunit; 

 

HH_2PDunit      >= MM_2PDunit;  MM_2PDunit      >= LL_2PDunit; 

HH_3PDunit      >= MM_3PDunit;  MM_3PDunit      >= LL_3PDunit; 

HH_VCunit       >= MM_VCunit;  MM_VCunit       >= LL_VCunit; 

HH_VACunit      >= MM_VACunit;  MM_VACunit      >= LL_VACunit; 

 

HH_VDunit       >= MM_VDunit;  MM_VDunit       >= LL_VDunit; 

HH_DECANTERunit >= MM_DECANTERunit; MM_DECANTERunit >= LL_DECANTERunit; 

 

END 

 

A.2.2.4. Scenario 2 (Results) 

  Global optimal solution found. 

  Objective value:                              4190810. 

  Objective bound:                              4190810. 

  Infeasibilities:                              0.000000 

  Extended solver steps:                           68925 

  Total solver iterations:                        698984 

  Elapsed runtime seconds:                      10477.15 

 

  Model Class:                                     MINLP 

 

  Total variables:                    892 

  Nonlinear variables:                156 

  Integer variables:                  144 
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  Total constraints:                  908 

  Nonlinear constraints:              249 

 

  Total nonzeros:                    2634 

  Nonlinear nonzeros:                 546 

 

                                Variable           Value        Reduced Cost 

                               EP_POMTOT        4190810.            0.000000 

                               LL_GP_POM        3854575.            0.000000 

                                  LL_OCC       0.4170000            0.000000 

                               MM_GP_POM        5419747.            0.000000 

                                  MM_OCC       0.3330000            0.000000 

                               HH_GP_POM        7627378.            0.000000 

                                  HH_OCC       0.2500000            0.000000 

                            HH_CAPEX_POM       0.1171000E+08        0.000000 

                                  FACTOR       0.9634229E-01        0.000000 

                               LL_EP_POM        3159466.            0.000000 

                            LL_CAPEX_POM        7215000.            0.000000 

                               MM_EP_POM        4645155.            0.000000 

                            MM_CAPEX_POM        8040000.            0.000000 

                               HH_EP_POM        6499209.            0.000000 

                                     AOT        4350.000            0.000000 

                                    ANOT        4410.000            0.000000 

                                      IR       0.5000000E-01        0.000000 

                                      Y         15.00000            0.000000 

                               FFB_PRICE       0.1210000            0.000000 

                             WATER_PRICE       0.5500000E-03        0.000000 

                                 E_PRICE       0.1011000            0.000000 

                               MPS_PRICE       0.2040000E-01        0.000000 

                               LPS_PRICE       0.1440000E-01        0.000000 

                               CPO_PRICE       0.5480000            0.000000 

                                PK_PRICE       0.3890000            0.000000 

                              PEFB_PRICE       0.8000000E-02        0.000000 

                               PKS_PRICE       0.4500000E-01        0.000000 

                               PPF_PRICE       0.2300000E-01        0.000000 

                                DC_PRICE       0.4300000E-01        0.000000 

                                  LL_FFB        45000.00            0.000000 

                                  MM_FFB        60000.00            0.000000 

                                  HH_FFB        85000.00            0.000000 

                       OILPERCENTAGE_FFB       0.2200000            0.000000 

                    OILPERCENTAGE_RO_ORP       0.7000000            0.000000 

                       LL_OILCONTENT_FFB        9900.000            0.000000 

                    LL_OILCONTENT_RO_ORP        212.9638            0.000000 

                               LL_RO_ORP        304.2339            0.000000 

                      LL_OILCONTENT_POME        383.0283            0.000000 

                                 LL_LPHS        0.000000            0.000000 

                                 LL_HPHS        0.000000            0.000000 

                                   LL_VS        0.000000            142357.2 

                                   LL_TS        1.000000           -122328.6 

                                 LL_CONS        0.000000            0.000000 

                             LL_LPHSUNIT        0.000000            88901.71 

                             LL_HPHSUNIT        0.000000            47043.36 

                               LL_VSUNIT        0.000000            57375.61 

                               LL_TSUNIT        3.000000            88887.63 

                             LL_CONSUNIT        0.000000            82182.63 

                              LL_CC_LPHS        0.000000            0.000000 

                              LL_CC_HPHS        0.000000            0.000000 

                                LL_CC_VS        0.000000            0.000000 

                                LL_CC_TS        3600000.            0.000000 

                              LL_CC_CONS        0.000000            0.000000 

                              LL_OC_LPHS        0.000000            0.000000 

                              LL_OC_HPHS        0.000000            0.000000 

                                LL_OC_VS        0.000000            0.000000 

                                LL_OC_TS        540000.0            0.000000 

                              LL_OC_CONS        0.000000            0.000000 

                             LL_LPS_LPHS        0.000000            0.000000 

                             LL_MPS_HPHS        0.000000            0.000000 

                               LL_LPS_VS        0.000000            0.000000 
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                               LL_LPS_TS        11250.00            0.000000 

                             LL_LPS_CONS        0.000000            0.000000 

                               LL_E_LPHS        0.000000            0.000000 

                               LL_E_HPHS        0.000000            0.000000 

                                 LL_E_VS        0.000000            0.000000 

                                 LL_E_TS        226.2000            0.000000 

                               LL_E_CONS        0.000000            0.000000 

                             LL_SFB_LPHS        0.000000            0.000000 

                             LL_SFB_HPHS        0.000000            0.000000 

                               LL_SFB_VS        0.000000            0.000000 

                               LL_SFB_TS        40500.00            0.000000 

                             LL_SFB_CONS        0.000000            2.398935 

                               LL_SFBTOT        40500.00            0.000000 

                 LL_STEAMLOSS_STERILISER        6750.000            0.000000 

                            LL_POME_LPHS        0.000000            0.000000 

                            LL_POME_HPHS        0.000000            0.000000 

                              LL_POME_VS        0.000000            0.000000 

                              LL_POME_TS        10350.00            0.000000 

                            LL_POME_CONS        0.000000            0.000000 

                      LL_POME_STERILISER        10350.00            0.000000 

                      LL_OILCONTENT_LPHS        0.000000            0.000000 

                      LL_OILCONTENT_HPHS        0.000000            0.000000 

                        LL_OILCONTENT_VS        0.000000            0.000000 

                        LL_OILCONTENT_TS        9652.500            0.000000 

                      LL_OILCONTENT_CONS        0.000000            0.000000 

                       LL_OILCONTENT_SFB        9652.500            0.000000 

                    LL_OILPERCENTAGE_SFB       0.2383333            0.000000 

              LL_OILLOSS_STERILISER_POME        247.5000            0.000000 

        LL_OILPERCENTAGE_STERILISER_POME       0.2391304E-01        0.000000 

                             LL_THRESHER        1.000000            0.000000 

                         LL_THRESHERUNIT        1.000000            19208.68 

                          LL_CC_THRESHER        225000.0            0.000000 

                          LL_OC_THRESHER        33750.00            0.000000 

                           LL_E_THRESHER        28.00000            0.000000 

                               LL_SFRUIT        30780.00            0.000000 

                                  LL_EFB        9720.000            0.000000 

                               LL_EFBTOT        9720.000            0.000000 

                    LL_OILCONTENT_SFRUIT        9314.663            0.000000 

                 LL_OILPERCENTAGE_SFRUIT       0.3026206            0.000000 

                       LL_OILCONTENT_EFB        337.8375            0.000000 

                    LL_OILPERCENTAGE_EFB       0.3475694E-01        0.000000 

                             LL_OILPRESS        1.000000            0.000000 

                         LL_OILPRESSUNIT        1.000000            11090.86 

                          LL_CC_OILPRESS        120000.0            0.000000 

                          LL_OC_OILPRESS        20000.00            0.000000 

                           LL_E_OILPRESS        15.00000            0.000000 

                          LL_RO_OILPRESS        1280.124            0.000000 

                        LL_PEFB_OILPRESS        8439.876            0.000000 

             LL_OILRECOVERED_RO_OILPRESS        202.7025            0.000000 

            LL_OILPERCENTAGE_RO_OILPRESS       0.1583460            0.000000 

                      LL_OILCONTENT_PEFB        135.1350            0.000000 

                   LL_OILPERCENTAGE_PEFB       0.1601149E-01        0.000000 

                              LL_PEFBTOT        8439.876            0.000000 

                             LL_DIGESTER        1.000000            0.000000 

                         LL_DIGESTERUNIT        2.000000            9556.026 

                          LL_CC_DIGESTER        300000.0            0.000000 

                          LL_OC_DIGESTER        30000.00            0.000000 

                         LL_LPS_DIGESTER        4001.400            0.000000 

                           LL_E_DIGESTER        36.00000            0.000000 

                                   LL_DF        32011.20            0.000000 

                   LL_STEAMLOSS_DIGESTER        2770.200            0.000000 

                        LL_OILCONTENT_DF        9314.663            0.000000 

                     LL_OILPERCENTAGE_DF       0.2909814            0.000000 

                               LL_SPRESS        0.000000            0.000000 

                               LL_DPRESS        1.000000            0.000000 

                           LL_SPRESSUNIT        0.000000            0.000000 

                           LL_DPRESSUNIT        2.000000            22347.61 

                            LL_CC_SPRESS        0.000000           0.2324597 
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                            LL_CC_DPRESS        360000.0            0.000000 

                            LL_OC_SPRESS        0.000000            0.000000 

                            LL_OC_DPRESS        72000.00            0.000000 

                             LL_E_SPRESS        0.000000            0.000000 

                             LL_E_DPRESS        80.00000            0.000000 

                            LL_PL_SPRESS        0.000000            2.460051 

                            LL_PL_DPRESS        19206.72            0.000000 

                                LL_PLTOT        19206.72            0.000000 

                            LL_PC_SPRESS        0.000000            0.000000 

                            LL_PC_DPRESS        12804.48            0.000000 

                                LL_PCTOT        12804.48            0.000000 

                 LL_OILCONTENT_PL_SPRESS        0.000000            0.000000 

                 LL_OILCONTENT_PL_DPRESS        9035.223            0.000000 

                        LL_OILCONTENT_PL        9035.223            0.000000 

                     LL_OILPERCENTAGE_PL       0.4704199            0.000000 

                 LL_OILCONTENT_PC_SPRESS        0.000000            0.000000 

                 LL_OILCONTENT_PC_DPRESS        279.4399            0.000000 

                        LL_OILCONTENT_PC        279.4399            0.000000 

                     LL_OILPERCENTAGE_PC       0.2182360E-01        0.000000 

                                 LL_DEPR        1.000000            0.000000 

                                 LL_HRDS        0.000000            0.000000 

                             LL_DEPRUNIT        2.000000            23005.58 

                             LL_HRDSUNIT        0.000000            0.000000 

                              LL_CC_DEPR        500000.0            0.000000 

                              LL_CC_HRDS        0.000000           0.1131657 

                              LL_OC_DEPR        50000.00            0.000000 

                              LL_OC_HRDS        0.000000            0.000000 

                               LL_E_DEPR        137.2000            0.000000 

                               LL_E_HRDS        0.000000            0.000000 

                             LL_PFN_DEPR        7554.643            0.000000 

                             LL_PFN_HRDS        0.000000            5.369463 

                               LL_PFNTOT        7554.643            0.000000 

                             LL_PPF_DEPR        5249.837            0.000000 

                             LL_PPF_HRDS        0.000000            0.000000 

                       LL_OILCONTENT_PPF        279.4399            0.000000 

                    LL_OILPERCENTAGE_PPF       0.4188960E-01        0.000000 

                               LL_PPFTOT        6670.865            0.000000 

                                 LL_CRAC        0.000000            0.000000 

                                 LL_DCRM        0.000000            0.000000 

                                LL_ROLEK        1.000000           -2667920. 

                             LL_CRACUNIT        0.000000            15683.51 

                             LL_DCRMUNIT        0.000000            21068.68 

                            LL_ROLEKUNIT        1.000000            20715.44 

                              LL_CC_CRAC        0.000000            0.000000 

                              LL_CC_DCRM        0.000000            0.000000 

                             LL_CC_ROLEK        180000.0            0.000000 

                              LL_OC_CRAC        0.000000            0.000000 

                              LL_OC_DCRM        0.000000            0.000000 

                             LL_OC_ROLEK        36000.00            0.000000 

                               LL_E_CRAC        0.000000            0.000000 

                               LL_E_DCRM        0.000000            0.000000 

                              LL_E_ROLEK        31.10000            0.000000 

                      LL_CRACKEDNUT_CRAC        0.000000            0.000000 

                      LL_CRACKEDNUT_DCRM        0.000000            0.000000 

                     LL_CRACKEDNUT_ROLEK        7479.097            0.000000 

                    LL_UNCRACKEDNUT_CRAC        0.000000            0.000000 

                    LL_UNCRACKEDNUT_DCRM        0.000000            0.000000 

                   LL_UNCRACKEDNUT_ROLEK        75.54643            0.000000 

                                  LL_CM1        0.000000            0.000000 

                                  LL_CM2        7479.097            0.000000 

                                   LL_AC        0.000000            0.000000 

                               LL_COLUMN        1.000000           -2667920. 

                               LL_ACUNIT        0.000000            7581.060 

                           LL_COLUMNUNIT        1.000000            19381.29 

                                LL_CC_AC        0.000000            0.000000 

                            LL_CC_COLUMN        250000.0            0.000000 

                                LL_OC_AC        0.000000            0.000000 

                            LL_OC_COLUMN        13000.00            0.000000 
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                                 LL_E_AC        0.000000            0.000000 

                             LL_E_COLUMN        29.20000            0.000000 

                                LL_CNTOT        0.000000            0.000000 

                               LL_PPF_AC        0.000000            0.000000 

                           LL_PPF_COLUMN        1421.028            0.000000 

                           LL_PKS_COLUMN        2670.038            0.000000 

                            LL_PK_COLUMN        3388.031            0.000000 

                                   LL_CB        0.000000            0.000000 

                                   LL_HC        0.000000            0.000000 

                                  LL_MHC        1.000000            0.000000 

                               LL_CBUNIT        0.000000            8831.792 

                               LL_HCUNIT        0.000000            8545.138 

                              LL_MHCUNIT        0.000000            7678.406 

                                LL_CC_CB        0.000000            0.000000 

                                LL_CC_HC        0.000000            0.000000 

                               LL_CC_MHC        0.000000            0.000000 

                                LL_OC_CB        0.000000            0.000000 

                                LL_OC_HC        0.000000            0.000000 

                               LL_OC_MHC        0.000000            0.000000 

                                 LL_E_CB        0.000000            0.000000 

                                 LL_E_HC        0.000000            0.000000 

                                LL_E_MHC        0.000000            0.000000 

                             LL_WATER_CB        0.000000            0.000000 

                             LL_WATER_HC        0.000000            0.000000 

                            LL_WATER_MHC        0.000000            0.000000 

                                LL_WK_CB        0.000000            0.000000 

                                LL_WK_HC        0.000000            0.000000 

                               LL_WK_MHC        0.000000            0.000000 

                                LL_WKTOT        0.000000            0.000000 

                                LL_WW_CB        0.000000            0.000000 

                                LL_WW_HC        0.000000            0.000000 

                               LL_WW_MHC        0.000000            0.000000 

                                LL_WWTOT        0.000000            0.000000 

                               LL_PKS_CB        0.000000            0.000000 

                               LL_PKS_HC        0.000000            0.000000 

                              LL_PKS_MHC        0.000000            0.000000 

                              LL_PKS_SKS        0.000000            0.000000 

                                 LL_SILO        1.000000            0.000000 

                             LL_SILOUNIT        0.000000            8888.782 

                              LL_CC_SILO        0.000000            0.000000 

                              LL_OC_SILO        0.000000            0.000000 

                               LL_E_SILO        0.000000            0.000000 

                              LL_PK_SILO        0.000000            0.000000 

                                  LL_2PD        0.000000            459088.5 

                                  LL_3PD        0.000000            0.000000 

                                   LL_VC        1.000000           -22495.35 

                                  LL_VAC        0.000000            0.000000 

                              LL_2PDUNIT        0.000000            19928.57 

                              LL_3PDUNIT        0.000000            21679.52 

                               LL_VCUNIT        2.000000            12123.49 

                              LL_VACUNIT        0.000000            0.000000 

                               LL_CC_2PD        0.000000            0.000000 

                               LL_CC_3PD        0.000000            0.000000 

                                LL_CC_VC        300000.0            0.000000 

                               LL_CC_VAC        0.000000            0.000000 

                               LL_OC_2PD        0.000000            0.000000 

                               LL_OC_3PD        0.000000            0.000000 

                                LL_OC_VC        30000.00            0.000000 

                               LL_OC_VAC        0.000000            0.000000 

                                LL_E_2PD        0.000000            0.000000 

                                LL_E_3PD        0.000000            0.000000 

                                 LL_E_VC        64.00000            0.000000 

                                LL_E_VAC        0.000000            0.000000 

                             LL_WATER_VC        13367.88            0.000000 

                            LL_WATER_VAC        0.000000            0.000000 

                               LL_OP_2PD        0.000000            0.000000 

                               LL_OP_3PD        0.000000            21.04539 

                                LL_OP_VC        10371.63            0.000000 
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                               LL_OP_VAC        0.000000            0.000000 

                         LL_OP_CLARIFIER        10371.63            0.000000 

                                LL_OPTOT        11103.53            0.000000 

                LL_OILRECOVERED_DECANTER        316.2328            0.000000 

                                LL_AP_VC        22971.24            0.000000 

                               LL_AP_VAC        0.000000            0.000000 

                         LL_AP_CLARIFIER        22971.24            0.000000 

                             LL_WATER_RO        1304.220            0.000000 

                          LL_RO_DECANTER        451.7611            0.000000 

                                LL_APTOT        22971.24            0.000000 

                             LL_POME_2PD        0.000000            0.000000 

                             LL_POME_3PD        0.000000            0.000000 

                       LL_POME_CLARIFIER        1304.220            0.000000 

                               LL_DC_3PD        0.000000            0.000000 

                         LL_DC_CLARIFIER        0.000000            0.000000 

                    LL_OILCONTENT_OP_2PD        0.000000            0.000000 

                    LL_OILCONTENT_OP_3PD        0.000000            0.000000 

                     LL_OILCONTENT_OP_VC        8583.461            0.000000 

                    LL_OILCONTENT_OP_VAC        0.000000            0.000000 

              LL_OILCONTENT_OP_CLARIFIER        8583.461            0.000000 

                        LL_OILCONTENT_OP        9315.361            0.000000 

                     LL_OILPERCENTAGE_OP       0.8389550            0.000000 

                     LL_OILCONTENT_AP_VC        451.7611            0.000000 

                    LL_OILCONTENT_AP_VAC        0.000000            0.000000 

              LL_OILCONTENT_AP_CLARIFIER        451.7611            0.000000 

                     LL_OILPERCENTAGE_AP       0.1966638E-01        0.000000 

                               LL_VDUNIT        2.000000            29353.66 

                         LL_DECANTERUNIT        2.000000            23764.52 

                                LL_CC_VD        780000.0            0.000000 

                          LL_CC_DECANTER        600000.0            0.000000 

                                LL_OC_VD        110000.0            0.000000 

                          LL_OC_DECANTER        70000.00            0.000000 

                                 LL_E_VD        70.00000            0.000000 

                           LL_E_DECANTER        100.0000            0.000000 

                               LL_CPO_VD        9315.361            0.000000 

                          LL_DC_DECANTER        2506.162            0.000000 

                              LL_POME_VD        355.3129            0.000000 

                        LL_POME_DECANTER        18560.76            0.000000 

                        LL_POME_PURIFIER        18916.07            0.000000 

             LL_OILCONTENT_DECANTER_POME        135.5283            0.000000 

          LL_OILPERCENTAGE_DECANTER_POME       0.7301875E-02        0.000000 

                         LL_STEAMLOSTTOT        9520.200            0.000000 

                      LL_OILRECOVEREDTOT        731.8990            0.000000 

              LL_PERCENTAGE_OILRECOVERED       0.7392920E-01        0.000000 

                           LL_OILLOSSTOT        797.6032            0.000000 

                   LL_PERCENTAGE_OILLOSS       0.8056598E-01        0.000000 

                              LL_POMETOT        30570.29            0.000000 

                               LL_PKSTOT        2670.038            0.000000 

                                LL_DCTOT        2506.162            0.000000 

                                LL_PKTOT        3388.031            0.000000 

                               LL_CPOTOT        9315.361            0.000000 

                   LL_OILPERCENTAGE_POME       0.1252943E-01        0.000000 

                   LL_PERCENTAGE_POMETOT        67.93398            0.000000 

                    LL_PERCENTAGE_EFBTOT        21.60000            0.000000 

                   LL_PERCENTAGE_PEFBTOT        18.75528            0.000000 

                    LL_PERCENTAGE_PPFTOT        14.82414            0.000000 

                    LL_PERCENTAGE_PKSTOT        5.933417            0.000000 

                     LL_PERCENTAGE_DCTOT        5.569249            0.000000 

                     LL_PERCENTAGE_PKTOT        7.528957            0.000000 

                    LL_PERCENTAGE_CPOTOT        20.70080            0.000000 

                       LL_PERCENTAGE_OER        20.70080            0.000000 

                             LL_WATERTOT        13367.88            0.000000 

                           LL_LPSTOT_POM        15251.40            0.000000 

                           LL_MPSTOT_POM        0.000000            0.000000 

                             LL_ETOT_POM        816.7000            0.000000 

                             LL_OPEX_POM        1004750.            0.000000 

                           LL_PROFIT_POM       0.2989158E+08        0.000000 

                          LL_EXPENSE_POM       0.2503225E+08        0.000000 
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                       MM_OILCONTENT_FFB        13200.00            0.000000 

                    MM_OILCONTENT_RO_ORP        283.9517            0.000000 

                               MM_RO_ORP        405.6453            0.000000 

                      MM_OILCONTENT_POME        510.7045            0.000000 

                                 MM_LPHS        0.000000            0.000000 

                                 MM_HPHS        0.000000            0.000000 

                                   MM_VS        0.000000            0.000000 

                                   MM_TS        1.000000            0.000000 

                                 MM_CONS        0.000000            0.000000 

                             MM_LPHSUNIT        0.000000            43427.62 

                             MM_HPHSUNIT        0.000000            23784.08 

                               MM_VSUNIT        0.000000            45817.94 

                               MM_TSUNIT        3.000000            0.000000 

                             MM_CONSUNIT        0.000000            65627.86 

                              MM_CC_LPHS        0.000000            0.000000 

                              MM_CC_HPHS        0.000000            0.000000 

                                MM_CC_VS        0.000000            0.000000 

                                MM_CC_TS        3600000.            0.000000 

                              MM_CC_CONS        0.000000            0.000000 

                              MM_OC_LPHS        0.000000            0.000000 

                              MM_OC_HPHS        0.000000            0.000000 

                                MM_OC_VS        0.000000            0.000000 

                                MM_OC_TS        540000.0            0.000000 

                              MM_OC_CONS        0.000000            0.000000 

                             MM_LPS_LPHS        0.000000            0.000000 

                             MM_MPS_HPHS        0.000000            0.000000 

                               MM_LPS_VS        0.000000            0.000000 

                               MM_LPS_TS        15000.00            0.000000 

                             MM_LPS_CONS        0.000000            0.000000 

                               MM_E_LPHS        0.000000            0.000000 

                               MM_E_HPHS        0.000000            0.000000 

                                 MM_E_VS        0.000000            0.000000 

                                 MM_E_TS        226.2000            0.000000 

                               MM_E_CONS        0.000000            0.000000 

                             MM_SFB_LPHS        0.000000            0.000000 

                             MM_SFB_HPHS        0.000000            0.000000 

                               MM_SFB_VS        0.000000            1.319484 

                               MM_SFB_TS        54000.00            0.000000 

                             MM_SFB_CONS        0.000000           0.3494559 

                               MM_SFBTOT        54000.00            0.000000 

                 MM_STEAMLOSS_STERILISER        9000.000            0.000000 

                            MM_POME_LPHS        0.000000            0.000000 

                            MM_POME_HPHS        0.000000            0.000000 

                              MM_POME_VS        0.000000            0.000000 

                              MM_POME_TS        13800.00            0.000000 

                            MM_POME_CONS        0.000000            0.000000 

                      MM_POME_STERILISER        13800.00            0.000000 

                      MM_OILCONTENT_LPHS        0.000000            0.000000 

                      MM_OILCONTENT_HPHS        0.000000            0.000000 

                        MM_OILCONTENT_VS        0.000000            0.000000 

                        MM_OILCONTENT_TS        12870.00            0.000000 

                      MM_OILCONTENT_CONS        0.000000            0.000000 

                       MM_OILCONTENT_SFB        12870.00            0.000000 

                    MM_OILPERCENTAGE_SFB       0.2383333            0.000000 

              MM_OILLOSS_STERILISER_POME        330.0000            0.000000 

        MM_OILPERCENTAGE_STERILISER_POME       0.2391304E-01        0.000000 

                             MM_THRESHER        1.000000            0.000000 

                         MM_THRESHERUNIT        2.000000            15339.31 

                          MM_CC_THRESHER        450000.0            0.000000 

                          MM_OC_THRESHER        67500.00            0.000000 

                           MM_E_THRESHER        56.00000            0.000000 

                               MM_SFRUIT        41040.00            0.000000 

                                  MM_EFB        12960.00            0.000000 

                               MM_EFBTOT        12960.00            0.000000 

                    MM_OILCONTENT_SFRUIT        12419.55            0.000000 

                 MM_OILPERCENTAGE_SFRUIT       0.3026206            0.000000 

                       MM_OILCONTENT_EFB        450.4500            0.000000 

                    MM_OILPERCENTAGE_EFB       0.3475694E-01        0.000000 



Appendices 

lxvi 

                             MM_OILPRESS        1.000000            0.000000 

                         MM_OILPRESSUNIT        2.000000            8856.726 

                          MM_CC_OILPRESS        240000.0            0.000000 

                          MM_OC_OILPRESS        40000.00            0.000000 

                           MM_E_OILPRESS        30.00000            0.000000 

                          MM_RO_OILPRESS        1706.832            0.000000 

                        MM_PEFB_OILPRESS        11253.17            0.000000 

             MM_OILRECOVERED_RO_OILPRESS        270.2700            0.000000 

            MM_OILPERCENTAGE_RO_OILPRESS       0.1583460            0.000000 

                      MM_OILCONTENT_PEFB        180.1800            0.000000 

                   MM_OILPERCENTAGE_PEFB       0.1601149E-01        0.000000 

                              MM_PEFBTOT        11253.17            0.000000 

                             MM_DIGESTER        1.000000            0.000000 

                         MM_DIGESTERUNIT        3.000000            7631.071 

                          MM_CC_DIGESTER        450000.0            0.000000 

                          MM_OC_DIGESTER        45000.00            0.000000 

                         MM_LPS_DIGESTER        5335.200            0.000000 

                           MM_E_DIGESTER        54.00000            0.000000 

                                   MM_DF        42681.60            0.000000 

                   MM_STEAMLOSS_DIGESTER        3693.600            0.000000 

                        MM_OILCONTENT_DF        12419.55            0.000000 

                     MM_OILPERCENTAGE_DF       0.2909814            0.000000 

                               MM_SPRESS        0.000000            0.000000 

                               MM_DPRESS        1.000000            0.000000 

                           MM_SPRESSUNIT        0.000000            0.000000 

                           MM_DPRESSUNIT        2.000000            17845.94 

                            MM_CC_SPRESS        0.000000            0.000000 

                            MM_CC_DPRESS        360000.0            0.000000 

                            MM_OC_SPRESS        0.000000            0.000000 

                            MM_OC_DPRESS        72000.00            0.000000 

                             MM_E_SPRESS        0.000000            0.000000 

                             MM_E_DPRESS        80.00000            0.000000 

                            MM_PL_SPRESS        0.000000            1.964501 

                            MM_PL_DPRESS        25608.96            0.000000 

                                MM_PLTOT        25608.96            0.000000 

                            MM_PC_SPRESS        0.000000            0.000000 

                            MM_PC_DPRESS        17072.64            0.000000 

                                MM_PCTOT        17072.64            0.000000 

                 MM_OILCONTENT_PL_SPRESS        0.000000            0.000000 

                 MM_OILCONTENT_PL_DPRESS        12046.96            0.000000 

                        MM_OILCONTENT_PL        12046.96            0.000000 

                     MM_OILPERCENTAGE_PL       0.4704199            0.000000 

                 MM_OILCONTENT_PC_SPRESS        0.000000            0.000000 

                 MM_OILCONTENT_PC_DPRESS        372.5865            0.000000 

                        MM_OILCONTENT_PC        372.5865            0.000000 

                     MM_OILPERCENTAGE_PC       0.2182360E-01        0.000000 

                                 MM_DEPR        1.000000            0.000000 

                                 MM_HRDS        0.000000            0.000000 

                             MM_DEPRUNIT        2.000000            18371.36 

                             MM_HRDSUNIT        0.000000            0.000000 

                              MM_CC_DEPR        500000.0            0.000000 

                              MM_CC_HRDS        0.000000           0.9036976E-01 

                              MM_OC_DEPR        50000.00            0.000000 

                              MM_OC_HRDS        0.000000            0.000000 

                               MM_E_DEPR        137.2000            0.000000 

                               MM_E_HRDS        0.000000            0.000000 

                             MM_PFN_DEPR        10072.86            0.000000 

                             MM_PFN_HRDS        0.000000            4.287845 

                               MM_PFNTOT        10072.86            0.000000 

                             MM_PPF_DEPR        6999.782            0.000000 

                             MM_PPF_HRDS        0.000000            0.000000 

                       MM_OILCONTENT_PPF        372.5865            0.000000 

                    MM_OILPERCENTAGE_PPF       0.4188960E-01        0.000000 

                               MM_PPFTOT        8894.487            0.000000 

                                 MM_CRAC        0.000000            0.000000 

                                 MM_DCRM        0.000000            0.000000 

                                MM_ROLEK        1.000000           -2840663. 

                             MM_CRACUNIT        0.000000            12524.24 
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                             MM_DCRMUNIT        0.000000            16824.63 

                            MM_ROLEKUNIT        2.000000            16542.55 

                              MM_CC_CRAC        0.000000            0.000000 

                              MM_CC_DCRM        0.000000            0.000000 

                             MM_CC_ROLEK        360000.0            0.000000 

                              MM_OC_CRAC        0.000000            0.000000 

                              MM_OC_DCRM        0.000000            0.000000 

                             MM_OC_ROLEK        72000.00            0.000000 

                               MM_E_CRAC        0.000000            0.000000 

                               MM_E_DCRM        0.000000            0.000000 

                              MM_E_ROLEK        62.20000            0.000000 

                      MM_CRACKEDNUT_CRAC        0.000000            0.000000 

                      MM_CRACKEDNUT_DCRM        0.000000            0.000000 

                     MM_CRACKEDNUT_ROLEK        9972.129            0.000000 

                    MM_UNCRACKEDNUT_CRAC        0.000000            0.000000 

                    MM_UNCRACKEDNUT_DCRM        0.000000            0.000000 

                   MM_UNCRACKEDNUT_ROLEK        100.7286            0.000000 

                                  MM_CM1        0.000000            0.000000 

                                  MM_CM2        9972.129            0.000000 

                                   MM_AC        0.000000            0.000000 

                               MM_COLUMN        1.000000           -2840663. 

                               MM_ACUNIT        0.000000            6053.940 

                           MM_COLUMNUNIT        1.000000            0.000000 

                                MM_CC_AC        0.000000            0.000000 

                            MM_CC_COLUMN        250000.0            0.000000 

                                MM_OC_AC        0.000000            0.000000 

                            MM_OC_COLUMN        13000.00            0.000000 

                                 MM_E_AC        0.000000            0.000000 

                             MM_E_COLUMN        29.20000            0.000000 

                                MM_CNTOT        0.000000            0.000000 

                               MM_PPF_AC        0.000000            0.000000 

                           MM_PPF_COLUMN        1894.705            0.000000 

                           MM_PKS_COLUMN        3560.050            0.000000 

                            MM_PK_COLUMN        4517.374            0.000000 

                                   MM_CB        0.000000            0.000000 

                                   MM_HC        0.000000            0.000000 

                                  MM_MHC        1.000000            0.000000 

                               MM_CBUNIT        0.000000            7052.726 

                               MM_HCUNIT        0.000000            6823.815 

                              MM_MHCUNIT        0.000000            6131.676 

                                MM_CC_CB        0.000000            0.000000 

                                MM_CC_HC        0.000000            0.000000 

                               MM_CC_MHC        0.000000            0.000000 

                                MM_OC_CB        0.000000            0.000000 

                                MM_OC_HC        0.000000            0.000000 

                               MM_OC_MHC        0.000000            0.000000 

                                 MM_E_CB        0.000000            0.000000 

                                 MM_E_HC        0.000000            0.000000 

                                MM_E_MHC        0.000000            0.000000 

                             MM_WATER_CB        0.000000            0.000000 

                             MM_WATER_HC        0.000000            0.000000 

                            MM_WATER_MHC        0.000000            0.000000 

                                MM_WK_CB        0.000000            0.000000 

                                MM_WK_HC        0.000000            0.000000 

                               MM_WK_MHC        0.000000            0.000000 

                                MM_WKTOT        0.000000            0.000000 

                                MM_WW_CB        0.000000            0.000000 

                                MM_WW_HC        0.000000            0.000000 

                               MM_WW_MHC        0.000000            0.000000 

                                MM_WWTOT        0.000000            0.000000 

                               MM_PKS_CB        0.000000            0.000000 

                               MM_PKS_HC        0.000000            0.000000 

                              MM_PKS_MHC        0.000000            0.000000 

                              MM_PKS_SKS        0.000000            0.000000 

                                 MM_SILO        1.000000            0.000000 

                             MM_SILOUNIT        0.000000            7098.236 

                              MM_CC_SILO        0.000000            0.000000 

                              MM_OC_SILO        0.000000            0.000000 
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                               MM_E_SILO        0.000000            0.000000 

                              MM_PK_SILO        0.000000            0.000000 

                                  MM_2PD        0.000000            0.000000 

                                  MM_3PD        0.000000            249623.2 

                                   MM_VC        1.000000           -23951.88 

                                  MM_VAC        0.000000            0.000000 

                              MM_2PDUNIT        0.000000            15914.18 

                              MM_3PDUNIT        0.000000            0.000000 

                               MM_VCUNIT        3.000000            9681.349 

                              MM_VACUNIT        0.000000            0.000000 

                               MM_CC_2PD        0.000000            0.000000 

                               MM_CC_3PD        0.000000           0.5770807E-01 

                                MM_CC_VC        450000.0            0.000000 

                               MM_CC_VAC        0.000000            0.000000 

                               MM_OC_2PD        0.000000            0.000000 

                               MM_OC_3PD        0.000000            0.000000 

                                MM_OC_VC        45000.00            0.000000 

                               MM_OC_VAC        0.000000            0.000000 

                                MM_E_2PD        0.000000            0.000000 

                                MM_E_3PD        0.000000            0.000000 

                                 MM_E_VC        96.00000            0.000000 

                                MM_E_VAC        0.000000            0.000000 

                             MM_WATER_VC        17823.84            0.000000 

                            MM_WATER_VAC        0.000000            0.000000 

                               MM_OP_2PD        0.000000            0.000000 

                               MM_OP_3PD        0.000000            0.000000 

                                MM_OP_VC        13828.84            0.000000 

                               MM_OP_VAC        0.000000            0.000000 

                         MM_OP_CLARIFIER        13828.84            0.000000 

                                MM_OPTOT        14804.70            0.000000 

                MM_OILRECOVERED_DECANTER        421.6437            0.000000 

                                MM_AP_VC        30628.32            0.000000 

                               MM_AP_VAC        0.000000            0.000000 

                         MM_AP_CLARIFIER        30628.32            0.000000 

                             MM_WATER_RO        1738.960            0.000000 

                          MM_RO_DECANTER        602.3482            0.000000 

                                MM_APTOT        30628.32            0.000000 

                             MM_POME_2PD        0.000000            29.82438 

                             MM_POME_3PD        0.000000            0.000000 

                       MM_POME_CLARIFIER        1738.960            0.000000 

                               MM_DC_3PD        0.000000            0.000000 

                         MM_DC_CLARIFIER        0.000000            0.000000 

                    MM_OILCONTENT_OP_2PD        0.000000            0.000000 

                    MM_OILCONTENT_OP_3PD        0.000000            0.000000 

                     MM_OILCONTENT_OP_VC        11444.62            0.000000 

                    MM_OILCONTENT_OP_VAC        0.000000            0.000000 

              MM_OILCONTENT_OP_CLARIFIER        11444.62            0.000000 

                        MM_OILCONTENT_OP        12420.48            0.000000 

                     MM_OILPERCENTAGE_OP       0.8389550            0.000000 

                     MM_OILCONTENT_AP_VC        602.3482            0.000000 

                    MM_OILCONTENT_AP_VAC        0.000000            0.000000 

              MM_OILCONTENT_AP_CLARIFIER        602.3482            0.000000 

                     MM_OILPERCENTAGE_AP       0.1966638E-01        0.000000 

                               MM_VDUNIT        2.000000            23440.69 

                         MM_DECANTERUNIT        2.000000            18977.42 

                                MM_CC_VD        780000.0            0.000000 

                          MM_CC_DECANTER        600000.0            0.000000 

                                MM_OC_VD        110000.0            0.000000 

                          MM_OC_DECANTER        70000.00            0.000000 

                                 MM_E_VD        70.00000            0.000000 

                           MM_E_DECANTER        100.0000            0.000000 

                               MM_CPO_VD        12420.48            0.000000 

                          MM_DC_DECANTER        3341.549            0.000000 

                              MM_POME_VD        473.7505            0.000000 

                        MM_POME_DECANTER        24747.68            0.000000 

                        MM_POME_PURIFIER        25221.43            0.000000 

             MM_OILCONTENT_DECANTER_POME        180.7045            0.000000 

          MM_OILPERCENTAGE_DECANTER_POME       0.7301875E-02        0.000000 
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                         MM_STEAMLOSTTOT        12693.60            0.000000 

                      MM_OILRECOVEREDTOT        975.8654            0.000000 

              MM_PERCENTAGE_OILRECOVERED       0.7392920E-01        0.000000 

                           MM_OILLOSSTOT        1063.471            0.000000 

                   MM_PERCENTAGE_OILLOSS       0.8056598E-01        0.000000 

                              MM_POMETOT        40760.39            0.000000 

                               MM_PKSTOT        3560.050            0.000000 

                                MM_DCTOT        3341.549            0.000000 

                                MM_PKTOT        4517.374            0.000000 

                               MM_CPOTOT        12420.48            0.000000 

                   MM_OILPERCENTAGE_POME       0.1252943E-01        0.000000 

                   MM_PERCENTAGE_POMETOT        67.93398            0.000000 

                    MM_PERCENTAGE_EFBTOT        21.60000            0.000000 

                   MM_PERCENTAGE_PEFBTOT        18.75528            0.000000 

                    MM_PERCENTAGE_PPFTOT        14.82414            0.000000 

                    MM_PERCENTAGE_PKSTOT        5.933417            0.000000 

                     MM_PERCENTAGE_DCTOT        5.569249            0.000000 

                     MM_PERCENTAGE_PKTOT        7.528957            0.000000 

                    MM_PERCENTAGE_CPOTOT        20.70080            0.000000 

                       MM_PERCENTAGE_OER        20.70080            0.000000 

                             MM_WATERTOT        17823.84            0.000000 

                           MM_LPSTOT_POM        20335.20            0.000000 

                           MM_MPSTOT_POM        0.000000            0.000000 

                             MM_ETOT_POM        940.8000            0.000000 

                             MM_OPEX_POM        1124500.            0.000000 

                           MM_PROFIT_POM       0.3985544E+08        0.000000 

                          MM_EXPENSE_POM       0.3331119E+08        0.000000 

                       HH_OILCONTENT_FFB        18700.00            0.000000 

                    HH_OILCONTENT_RO_ORP        402.2649            0.000000 

                               HH_RO_ORP        574.6641            0.000000 

                      HH_OILCONTENT_POME        723.4980            0.000000 

                                 HH_LPHS        0.000000            0.000000 

                                 HH_HPHS        0.000000            0.000000 

                                   HH_VS        0.000000            0.000000 

                                   HH_TS        1.000000           -246106.4 

                                 HH_CONS        0.000000            0.000000 

                             HH_LPHSUNIT        0.000000            0.000000 

                             HH_HPHSUNIT        0.000000            92621.03 

                               HH_VSUNIT        0.000000            130740.1 

                               HH_TSUNIT        5.000000            168900.7 

                             HH_CONSUNIT        0.000000            150429.6 

                              HH_CC_LPHS        0.000000           0.1243282 

                              HH_CC_HPHS        0.000000            0.000000 

                                HH_CC_VS        0.000000            0.000000 

                                HH_CC_TS        6000000.            0.000000 

                              HH_CC_CONS        0.000000            0.000000 

                              HH_OC_LPHS        0.000000            0.000000 

                              HH_OC_HPHS        0.000000            0.000000 

                                HH_OC_VS        0.000000            0.000000 

                                HH_OC_TS        900000.0            0.000000 

                              HH_OC_CONS        0.000000            0.000000 

                             HH_LPS_LPHS        0.000000            0.000000 

                             HH_MPS_HPHS        0.000000            0.000000 

                               HH_LPS_VS        0.000000            0.000000 

                               HH_LPS_TS        21250.00            0.000000 

                             HH_LPS_CONS        0.000000            0.000000 

                               HH_E_LPHS        0.000000            0.000000 

                               HH_E_HPHS        0.000000            0.000000 

                                 HH_E_VS        0.000000            0.000000 

                                 HH_E_TS        377.0000            0.000000 

                               HH_E_CONS        0.000000            0.000000 

                             HH_SFB_LPHS        0.000000            0.000000 

                             HH_SFB_HPHS        0.000000            0.000000 

                               HH_SFB_VS        0.000000           0.7252335 

                               HH_SFB_TS        76500.00            0.000000 

                             HH_SFB_CONS        0.000000            0.000000 

                               HH_SFBTOT        76500.00            0.000000 

                 HH_STEAMLOSS_STERILISER        12750.00            0.000000 
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                            HH_POME_LPHS        0.000000            0.000000 

                            HH_POME_HPHS        0.000000            0.000000 

                              HH_POME_VS        0.000000            0.000000 

                              HH_POME_TS        19550.00            0.000000 

                            HH_POME_CONS        0.000000            0.000000 

                      HH_POME_STERILISER        19550.00            0.000000 

                      HH_OILCONTENT_LPHS        0.000000            0.000000 

                      HH_OILCONTENT_HPHS        0.000000            0.000000 

                        HH_OILCONTENT_VS        0.000000            0.000000 

                        HH_OILCONTENT_TS        18232.50            0.000000 

                      HH_OILCONTENT_CONS        0.000000            0.000000 

                       HH_OILCONTENT_SFB        18232.50            0.000000 

                    HH_OILPERCENTAGE_SFB       0.2383333            0.000000 

              HH_OILLOSS_STERILISER_POME        467.5000            0.000000 

        HH_OILPERCENTAGE_STERILISER_POME       0.2391304E-01        0.000000 

                             HH_THRESHER        1.000000            0.000000 

                         HH_THRESHERUNIT        2.000000            33193.01 

                          HH_CC_THRESHER        450000.0            0.000000 

                          HH_OC_THRESHER        67500.00            0.000000 

                           HH_E_THRESHER        56.00000            0.000000 

                               HH_SFRUIT        58140.00            0.000000 

                                  HH_EFB        18360.00            0.000000 

                               HH_EFBTOT        18360.00            0.000000 

                    HH_OILCONTENT_SFRUIT        17594.36            0.000000 

                 HH_OILPERCENTAGE_SFRUIT       0.3026206            0.000000 

                       HH_OILCONTENT_EFB        638.1375            0.000000 

                    HH_OILPERCENTAGE_EFB       0.3475694E-01        0.000000 

                             HH_OILPRESS        1.000000            0.000000 

                         HH_OILPRESSUNIT        2.000000            18210.27 

                          HH_CC_OILPRESS        240000.0            0.000000 

                          HH_OC_OILPRESS        40000.00            0.000000 

                           HH_E_OILPRESS        30.00000            0.000000 

                          HH_RO_OILPRESS        2418.012            0.000000 

                        HH_PEFB_OILPRESS        15941.99            0.000000 

             HH_OILRECOVERED_RO_OILPRESS        382.8825            0.000000 

            HH_OILPERCENTAGE_RO_OILPRESS       0.1583460            0.000000 

                      HH_OILCONTENT_PEFB        255.2550            0.000000 

                   HH_OILPERCENTAGE_PEFB       0.1601149E-01        0.000000 

                              HH_PEFBTOT        15941.99            0.000000 

                             HH_DIGESTER        1.000000            0.000000 

                         HH_DIGESTERUNIT        3.000000            20180.38 

                          HH_CC_DIGESTER        450000.0            0.000000 

                          HH_OC_DIGESTER        45000.00            0.000000 

                         HH_LPS_DIGESTER        7558.200            0.000000 

                           HH_E_DIGESTER        54.00000            0.000000 

                                   HH_DF        60465.60            0.000000 

                   HH_STEAMLOSS_DIGESTER        5232.600            0.000000 

                        HH_OILCONTENT_DF        17594.36            0.000000 

                     HH_OILPERCENTAGE_DF       0.2909814            0.000000 

                               HH_SPRESS        0.000000            0.000000 

                               HH_DPRESS        1.000000           -104276.4 

                           HH_SPRESSUNIT        0.000000            0.000000 

                           HH_DPRESSUNIT        3.000000            30739.46 

                            HH_CC_SPRESS        0.000000            0.000000 

                            HH_CC_DPRESS        540000.0            0.000000 

                            HH_OC_SPRESS        0.000000            0.000000 

                            HH_OC_DPRESS        108000.0            0.000000 

                             HH_E_SPRESS        0.000000            0.000000 

                             HH_E_DPRESS        120.0000            0.000000 

                            HH_PL_SPRESS        0.000000            0.000000 

                            HH_PL_DPRESS        36279.36            0.000000 

                                HH_PLTOT        36279.36            0.000000 

                            HH_PC_SPRESS        0.000000            0.000000 

                            HH_PC_DPRESS        24186.24            0.000000 

                                HH_PCTOT        24186.24            0.000000 

                 HH_OILCONTENT_PL_SPRESS        0.000000            0.000000 

                 HH_OILCONTENT_PL_DPRESS        17066.53            0.000000 

                        HH_OILCONTENT_PL        17066.53            0.000000 
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                     HH_OILPERCENTAGE_PL       0.4704199            0.000000 

                 HH_OILCONTENT_PC_SPRESS        0.000000            0.000000 

                 HH_OILCONTENT_PC_DPRESS        527.8309            0.000000 

                        HH_OILCONTENT_PC        527.8309            0.000000 

                     HH_OILPERCENTAGE_PC       0.2182360E-01        0.000000 

                                 HH_DEPR        1.000000           -124579.2 

                                 HH_HRDS        0.000000            0.000000 

                             HH_DEPRUNIT        3.000000            37877.88 

                             HH_HRDSUNIT        0.000000            0.000000 

                              HH_CC_DEPR        750000.0            0.000000 

                              HH_CC_HRDS        0.000000            0.000000 

                              HH_OC_DEPR        75000.00            0.000000 

                              HH_OC_HRDS        0.000000            0.000000 

                               HH_E_DEPR        205.8000            0.000000 

                               HH_E_HRDS        0.000000            0.000000 

                             HH_PFN_DEPR        14269.88            0.000000 

                             HH_PFN_HRDS        0.000000            0.000000 

                               HH_PFNTOT        14269.88            0.000000 

                             HH_PPF_DEPR        9916.358            0.000000 

                             HH_PPF_HRDS        0.000000            0.000000 

                       HH_OILCONTENT_PPF        527.8309            0.000000 

                    HH_OILPERCENTAGE_PPF       0.4188960E-01        0.000000 

                               HH_PPFTOT        12600.52            0.000000 

                                 HH_CRAC        0.000000            0.000000 

                                 HH_DCRM        0.000000            0.000000 

                                HH_ROLEK        1.000000           -3021226. 

                             HH_CRACUNIT        0.000000            21927.08 

                             HH_DCRMUNIT        0.000000            29491.00 

                            HH_ROLEKUNIT        2.000000            29760.94 

                              HH_CC_CRAC        0.000000            0.000000 

                              HH_CC_DCRM        0.000000            0.000000 

                             HH_CC_ROLEK        360000.0            0.000000 

                              HH_OC_CRAC        0.000000            0.000000 

                              HH_OC_DCRM        0.000000            0.000000 

                             HH_OC_ROLEK        72000.00            0.000000 

                               HH_E_CRAC        0.000000            0.000000 

                               HH_E_DCRM        0.000000            0.000000 

                              HH_E_ROLEK        62.20000            0.000000 

                      HH_CRACKEDNUT_CRAC        0.000000            0.000000 

                      HH_CRACKEDNUT_DCRM        0.000000            0.000000 

                     HH_CRACKEDNUT_ROLEK        14127.18            0.000000 

                    HH_UNCRACKEDNUT_CRAC        0.000000            0.000000 

                    HH_UNCRACKEDNUT_DCRM        0.000000            0.000000 

                   HH_UNCRACKEDNUT_ROLEK        142.6988            0.000000 

                                  HH_CM1        0.000000            0.000000 

                                  HH_CM2        14127.18            0.000000 

                                   HH_AC        0.000000            0.000000 

                               HH_COLUMN        1.000000           -3021226. 

                               HH_ACUNIT        0.000000            11288.96 

                           HH_COLUMNUNIT        1.000000            30546.00 

                                HH_CC_AC        0.000000            0.000000 

                            HH_CC_COLUMN        250000.0            0.000000 

                                HH_OC_AC        0.000000            0.000000 

                            HH_OC_COLUMN        13000.00            0.000000 

                                 HH_E_AC        0.000000            0.000000 

                             HH_E_COLUMN        29.20000            0.000000 

                                HH_CNTOT        0.000000            0.000000 

                               HH_PPF_AC        0.000000            0.000000 

                           HH_PPF_COLUMN        2684.165            0.000000 

                           HH_PKS_COLUMN        5043.404            0.000000 

                            HH_PK_COLUMN        6399.614            0.000000 

                                   HH_CB        0.000000            0.000000 

                                   HH_HC        0.000000            0.000000 

                                  HH_MHC        1.000000            0.000000 

                               HH_CBUNIT        0.000000            8666.819 

                               HH_HCUNIT        0.000000            8976.676 

                              HH_MHCUNIT        0.000000            9420.475 

                                HH_CC_CB        0.000000            0.000000 
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                                HH_CC_HC        0.000000            0.000000 

                               HH_CC_MHC        0.000000            0.000000 

                                HH_OC_CB        0.000000            0.000000 

                                HH_OC_HC        0.000000            0.000000 

                               HH_OC_MHC        0.000000            0.000000 

                                 HH_E_CB        0.000000            0.000000 

                                 HH_E_HC        0.000000            0.000000 

                                HH_E_MHC        0.000000            0.000000 

                             HH_WATER_CB        0.000000            0.000000 

                             HH_WATER_HC        0.000000            0.000000 

                            HH_WATER_MHC        0.000000            0.000000 

                                HH_WK_CB        0.000000            0.000000 

                                HH_WK_HC        0.000000            0.000000 

                               HH_WK_MHC        0.000000            0.000000 

                                HH_WKTOT        0.000000            0.000000 

                                HH_WW_CB        0.000000            0.000000 

                                HH_WW_HC        0.000000            0.000000 

                               HH_WW_MHC        0.000000            0.000000 

                                HH_WWTOT        0.000000            0.000000 

                               HH_PKS_CB        0.000000            0.000000 

                               HH_PKS_HC        0.000000            0.000000 

                              HH_PKS_MHC        0.000000            0.000000 

                              HH_PKS_SKS        0.000000            0.000000 

                                 HH_SILO        1.000000            0.000000 

                             HH_SILOUNIT        0.000000            10146.12 

                              HH_CC_SILO        0.000000            0.000000 

                              HH_OC_SILO        0.000000            0.000000 

                               HH_E_SILO        0.000000            0.000000 

                              HH_PK_SILO        0.000000            0.000000 

                                  HH_2PD        0.000000            0.000000 

                                  HH_3PD        0.000000            0.000000 

                                   HH_VC        1.000000           -118098.1 

                                  HH_VAC        0.000000            0.000000 

                              HH_2PDUNIT        0.000000            34106.31 

                              HH_3PDUNIT        0.000000            0.000000 

                               HH_VCUNIT        4.000000            21719.62 

                              HH_VACUNIT        0.000000            0.000000 

                               HH_CC_2PD        0.000000            0.000000 

                               HH_CC_3PD        0.000000           0.1396667 

                                HH_CC_VC        600000.0            0.000000 

                               HH_CC_VAC        0.000000            0.000000 

                               HH_OC_2PD        0.000000            0.000000 

                               HH_OC_3PD        0.000000            0.000000 

                                HH_OC_VC        60000.00            0.000000 

                               HH_OC_VAC        0.000000            0.000000 

                                HH_E_2PD        0.000000            0.000000 

                                HH_E_3PD        0.000000            0.000000 

                                 HH_E_VC        128.0000            0.000000 

                                HH_E_VAC        0.000000            0.000000 

                             HH_WATER_VC        25250.43            0.000000 

                            HH_WATER_VAC        0.000000            0.000000 

                               HH_OP_2PD        0.000000            0.000000 

                               HH_OP_3PD        0.000000            8.215292 

                                HH_OP_VC        19590.85            0.000000 

                               HH_OP_VAC        0.000000            0.000000 

                         HH_OP_CLARIFIER        19590.85            0.000000 

                                HH_OPTOT        20973.33            0.000000 

                HH_OILRECOVERED_DECANTER        597.3286            0.000000 

                                HH_AP_VC        43390.11            0.000000 

                               HH_AP_VAC        0.000000            0.000000 

                         HH_AP_CLARIFIER        43390.11            0.000000 

                             HH_WATER_RO        2463.527            0.000000 

                          HH_RO_DECANTER        853.3266            0.000000 

                                HH_APTOT        43390.11            0.000000 

                             HH_POME_2PD        0.000000            18.40150 

                             HH_POME_3PD        0.000000            0.000000 

                       HH_POME_CLARIFIER        2463.527            0.000000 

                               HH_DC_3PD        0.000000            0.000000 
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                         HH_DC_CLARIFIER        0.000000            0.000000 

                    HH_OILCONTENT_OP_2PD        0.000000            0.000000 

                    HH_OILCONTENT_OP_3PD        0.000000            0.000000 

                     HH_OILCONTENT_OP_VC        16213.21            0.000000 

                    HH_OILCONTENT_OP_VAC        0.000000            0.000000 

              HH_OILCONTENT_OP_CLARIFIER        16213.21            0.000000 

                        HH_OILCONTENT_OP        17595.68            0.000000 

                     HH_OILPERCENTAGE_OP       0.8389550            0.000000 

                     HH_OILCONTENT_AP_VC        853.3266            0.000000 

                    HH_OILCONTENT_AP_VAC        0.000000            0.000000 

              HH_OILCONTENT_AP_CLARIFIER        853.3266            0.000000 

                     HH_OILPERCENTAGE_AP       0.1966638E-01        0.000000 

                               HH_VDUNIT        3.000000            55171.61 

                         HH_DECANTERUNIT        3.000000            43150.00 

                                HH_CC_VD        1170000.            0.000000 

                          HH_CC_DECANTER        900000.0            0.000000 

                                HH_OC_VD        165000.0            0.000000 

                          HH_OC_DECANTER        105000.0            0.000000 

                                 HH_E_VD        105.0000            0.000000 

                           HH_E_DECANTER        150.0000            0.000000 

                               HH_CPO_VD        17595.68            0.000000 

                          HH_DC_DECANTER        4733.861            0.000000 

                              HH_POME_VD        671.1466            0.000000 

                        HH_POME_DECANTER        35059.21            0.000000 

                        HH_POME_PURIFIER        35730.36            0.000000 

             HH_OILCONTENT_DECANTER_POME        255.9980            0.000000 

          HH_OILPERCENTAGE_DECANTER_POME       0.7301875E-02        0.000000 

                         HH_STEAMLOSTTOT        17982.60            0.000000 

                      HH_OILRECOVEREDTOT        1382.476            0.000000 

              HH_PERCENTAGE_OILRECOVERED       0.7392920E-01        0.000000 

                           HH_OILLOSSTOT        1506.584            0.000000 

                   HH_PERCENTAGE_OILLOSS       0.8056598E-01        0.000000 

                              HH_POMETOT        57743.89            0.000000 

                               HH_PKSTOT        5043.404            0.000000 

                                HH_DCTOT        4733.861            0.000000 

                                HH_PKTOT        6399.614            0.000000 

                               HH_CPOTOT        17595.68            0.000000 

                   HH_OILPERCENTAGE_POME       0.1252943E-01        0.000000 

                   HH_PERCENTAGE_POMETOT        67.93398            0.000000 

                    HH_PERCENTAGE_EFBTOT        21.60000            0.000000 

                   HH_PERCENTAGE_PEFBTOT        18.75528            0.000000 

                    HH_PERCENTAGE_PPFTOT        14.82414            0.000000 

                    HH_PERCENTAGE_PKSTOT        5.933417            0.000000 

                     HH_PERCENTAGE_DCTOT        5.569249            0.000000 

                     HH_PERCENTAGE_PKTOT        7.528957            0.000000 

                    HH_PERCENTAGE_CPOTOT        20.70080            0.000000 

                       HH_PERCENTAGE_OER        20.70080            0.000000 

                             HH_WATERTOT        25250.43            0.000000 

                           HH_LPSTOT_POM        28808.20            0.000000 

                           HH_MPSTOT_POM        0.000000            0.000000 

                             HH_ETOT_POM        1317.200            0.000000 

                             HH_OPEX_POM        1650500.            0.000000 

                           HH_PROFIT_POM       0.5646187E+08        0.000000 

                          HH_EXPENSE_POM       0.4718399E+08        0.000000 

 

A.2.3. Chapter 5 

A.2.3.1. Case Study (Lingo Codes) 

SETS:       !SET MATRIX = (I,J); 

MATERIAL : YL, YM, YH, Yup, Ylow, PRICE; !MATERIAL   = (I) FOR ROWS; 
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TECHNOLOGY : XL, XM, XH, B, UL, UM, UH, ELtot, EMtot, EHtot, CCLtot, CCMtot, 

CCHtot, OCLtot, OCMtot, OCHtot, UMAX;  !TECHNOLOGY = (J) FOR COLUMNS; 

LINKS(MATERIAL,TECHNOLOGY): A;   !A*X = Y; 

CONNECT(TECHNOLOGY,TECHNOLOGY): CAPINV, CAPINVMAX, E, CC, OC;   

       !FOR CAPACITY BOUND CONSTRAINTS; 

ENDSETS 

 

!CONSTRAINTS; 

!AX(s)=Y(s); 

@FOR (MATERIAL(I) : @SUM(TECHNOLOGY(J): A(I,J) * XL(J)) = YL(I); 

         @SUM(TECHNOLOGY(J): A(I,J) * XM(J)) = YM(I); 

         @SUM(TECHNOLOGY(J): A(I,J) * XH(J)) = YH(I)); 

 

!TO ENSURE NEGATIVE VALUE FOR Y(s); 

@FOR (MATERIAL(I) : @FREE(YL(I)); @FREE(YM(I)); @FREE(YH(I)));  

 

!Ylower<=Y(s)<=Yupper; 

@FOR (MATERIAL(I) : YL(I)<=Yup(I); YM(I)<=Yup(I); YH(I)<=Yup(I); 

                    YL(I)>=Ylow(I); YM(I)>=Ylow(I); YH(I)>=Ylow(I)); 

 

!X(s)CAPinv<=U(s), WHERE CAPinv=(I CAP)^-1; 

@FOR(TECHNOLOGY(J): XL(J) * CAPINV(J,J) <= UL(J); 

     XM(J) * CAPINV(J,J) <= UM(J); 

     XH(J) * CAPINV(J,J) <= UH(J)); 

 

!TO ENSURE INTEGER VALUE FOR U(s); 

@FOR(TECHNOLOGY(J): @GIN(UL(J)); @GIN(UM(J)); @GIN(UH(J))); 

 

!U(L)<=U(M)<=U(H); 

@FOR(TECHNOLOGY(J): UL(J) <= UM(J); 

   UM(J) <= UH(J)); 

 

!U(H)<=Umax; 

@FOR(TECHNOLOGY(J): UH(J) <= UMAX(J));        

 

!B=X(H)CAPinvmax, WHERE CAPinvmax=(I CAPmax)^-1 AND CAPmax=CAP(I Umax); 

@FOR(TECHNOLOGY(J): B(J)  = XH(J) * CAPINVMAX(J,J)); 

@FOR(TECHNOLOGY(J): B(J) <= 1);         

 

!U(s)Eunit=Etechnology(s); 

@FOR(TECHNOLOGY(J): UL(J) * E(J,J) = ELtot(J); 

   UM(J) * E(J,J) = EMtot(J); 

   UH(J) * E(J,J) = EHtot(J)); 

 

!U(s)CCunit=CCtechnology(s); 

@FOR(TECHNOLOGY(J): UL(J) * CC(J,J) = CCLtot(J); 

   UM(J) * CC(J,J) = CCMtot(J); 

   UH(J) * CC(J,J) = CCHtot(J)); 

 

!CAPEX(s)=SUMMATION OF CCtechnology(s); 

CAPEXL = @SUM(TECHNOLOGY(J):CCLtot(J)); 

CAPEXM = @SUM(TECHNOLOGY(J):CCMtot(J)); 

CAPEXH = @SUM(TECHNOLOGY(J):CCHtot(J)); 

 

!CAPEXtotal=CAPEX(H); 

CAPEX  = CAPEXH; 

 

!U(s)OCunit=OCtechnology(s); 

@FOR(TECHNOLOGY(J): 1.2 * UL(J) * OC(J,J) = OCLtot(J); 

   1.2 * UM(J) * OC(J,J) = OCMtot(J); 

   1.2 * UH(J) * OC(J,J) = OCHtot(J)); 

 

!OPEX(s)=SUMMATION OF OCtechnology(s); 

OPEXL = @SUM(TECHNOLOGY(J):OCLtot(J)); 

OPEXM = @SUM(TECHNOLOGY(J):OCMtot(J)); 

OPEXH = @SUM(TECHNOLOGY(J):OCHtot(J)); 

 

!OPEXtotal=SUMMATION OF alpha(s)OPEX(s); 
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OPEX = 0.417*OPEXL + 0.333*OPEXM + 0.25*OPEXH; 

 

!FFB AVAILABILITY CONSTRAINT; 

@FOR(MATERIAL(I)|I#EQ#1:YL(I) * AOTL = -45 * 4350; 

       YM(I) * AOTM = -60 * 4350; 

       YH(I) * AOTH = -85 * 4350); 

 

!OBJECTIVE FUNCTION; 

MAX = EP; 

EP = GP - 0.09634 * CAPEX; 

 

!EP(s)=GP(s)-CRF*CAPEX(H); 

EPL = GPL - 0.09634 * CAPEX; 

EPM = GPM - 0.09634 * CAPEX; 

EPH = GPH - 0.09634 * CAPEX; 

 

!Econ(s)=SUMMATION OF Etechnology(s); 

E_CONL = @SUM(TECHNOLOGY(J):ELtot(J)); 

E_CONM = @SUM(TECHNOLOGY(J):EMtot(J)); 

E_CONH = @SUM(TECHNOLOGY(J):EHtot(J)); 

 

!Edemand(s)=1.2 Econ(s); 

E_DEMANDL = 1.2 * E_CONL; 

E_DEMANDM = 1.2 * E_CONM; 

E_DEMANDH = 1.2 * E_CONH; 

 

!Edemand total=SUMMATION OF alpha(s)Edemand(s); 

E_DEMAND  = 0.417 * E_DEMANDL + 0.333 * E_DEMANDM + 0.25 * E_DEMANDH; 

 

@FOR(MATERIAL(I)|I#EQ#30:YL(I) = E_GENL; 

     YM(I) = E_GENM; 

     YH(I) = E_GENH); 

 

!Eexcess(s)=Egen(s)-Edemand(s); 

E_EXCESSL = E_GENL - E_DEMANDL;    

E_EXCESSM = E_GENM - E_DEMANDM; 

E_EXCESSH = E_GENH - E_DEMANDH; 

 

!GP(s)=REV(s)-OPEX(s)-LC-OT(s); 

GPL = REVL - OPEXL - LC - OTL; 

GPM = REVM - OPEXM - LC - OTM; 

GPH = REVH - OPEXH - LC - OTH; 

 

!GPtotal=SUMMATION OF alpha(s)GP(s); 

GP = 0.417*GPL + 0.333*GPM + 0.25*GPH; 

 

!REV(s)=AOT(s) SUMMATION OF Y(s)PRICE; 

REVL  = AOTL * (@SUM(MATERIAL(I) : YL(I)*PRICE(I))); 

REVM  = AOTM * (@SUM(MATERIAL(I) : YM(I)*PRICE(I))); 

REVH = AOTH * (@SUM(MATERIAL(I) : YH(I)*PRICE(I))); 

 

!REVtotal=SUMMATION OF alpha(s)REV(s); 

REV = 0.417*REVL + 0.333*REVM + 0.25*REVH; 

 

!LC=STAFF NO * BASIC PAY * NO OF SHIFT * MONTHS; 

LC  = 15 * 375 * 2 * 12;   

 

!OT(s)=AOT(s)-4350 * STAFF NO * OT COST; 

OTL = (AOTL - 4350) * 15 * 5; 

OTM = (AOTM - 4350) * 15 * 5; 

OTH = (AOTH - 4350) * 15 * 5; 

 

!OTtotal=SUMMATION OF alpha(s)OT(s); 

OT  = 0.417*OTL + 0.333*OTM + 0.25*OTH; 

 

!AOT=SUMMATION OF alpha(s)AOT(s); 

AOT = 0.417 * AOTL + 0.333 * AOTM + 0.25 * AOTH; 

AOTL <= 7000; AOTM <= 7000; AOTH <= 7000; AOT <= 7000; 
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DATA: 

MATERIAL, TECHNOLOGY, Yup, Ylow, PRICE, UMAX, A, CAPINV, CAPINVMAX, E, CC, OC  

= @OLE(); 

 

@OLE('', 

'AOT','AOTL','AOTM','AOTH','EP','EPL','EPM','EPH','GP','GPL','GPM','GPH','CAPEX','C

APEXL','CAPEXM','CAPEXH','OPEX','OPEXL','OPEXM','OPEXH','LC','OT','OTL', 

'OTM','OTH','E_DEMAND','E_DEMANDL','E_DEMANDM','E_DEMANDH','UL','UM','UH','CCLtot',

'CCMtot','CCHtot','OCLtot','OCMtot','OCHtot','ELtot','EMtot','EHtot','B') = 

 AOT , AOTL , AOTM , AOTH , EP , EPL , EPM , EPH , GP , GPL , GPM , GPH , CAPEX , 

CAPEXL , CAPEXM , CAPEXH , OPEX , OPEXL , OPEXM , OPEXH , LC , OT , OTL ,  

 OTM , OTH , E_DEMAND , E_DEMANDL , E_DEMANDM , E_DEMANDH , UL , UM , UH , CCLtot , 

CCMtot , CCHtot , OCLtot , OCMtot , OCHtot , ELtot , EMtot , EHtot , B ; 

 

ENDDATA 

 

END 

 

A.2.3.2. Case Study (Results) 

  Global optimal solution found. 

  Objective value:                              4571288. 

  Objective bound:                              4571288. 

  Infeasibilities:                              0.000000 

  Extended solver steps:                             211 

  Total solver iterations:                       1816730 

  Elapsed runtime seconds:                         17.70 

 

 

 

  Export Summary Report 

  --------------------- 

  Transfer Method:       OLE BASED 

  Workbook:              Scope 3.xlsx 

  Ranges Specified:              42 

      AOT 

      AOTL 

      AOTM 

      AOTH 

      EP 

      EPL 

      EPM 

      EPH 

      GP 

      GPL 

      GPM 

      GPH 

      CAPEX 

      CAPEXL 

      CAPEXM 

      CAPEXH 

      OPEX 

      OPEXL 

      OPEXM 

      OPEXH 

      LC 

      OT 

      OTL 

      OTM 

      OTH 

      E_DEMAND 

      E_DEMANDL 

      E_DEMANDM 

      E_DEMANDH 
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      UL 

      UM 

      UH 

      CCLtot 

      CCMtot 

      CCHtot 

      OCLtot 

      OCMtot 

      OCHtot 

      ELtot 

      EMtot 

      EHtot 

      B 

  Ranges Found:                  42 

  Range Size Mismatches:          0 

  Values Transferred:           263 

 

  Model Class:                                     MINLP 

 

  Total variables:                    419 

  Nonlinear variables:                 30 

  Integer variables:                   54 

 

  Total constraints:                  622 

  Nonlinear constraints:                6 

 

  Total nonzeros:                    1285 

  Nonlinear nonzeros:                  36 

 

 

 

                                Variable           Value        Reduced Cost 

                                  CAPEXL        8360000.            0.000000 

                                  CAPEXM       0.1156000E+08        0.000000 

                                  CAPEXH       0.1156000E+08        0.000000 

                                   CAPEX       0.1156000E+08        0.000000 

                                   OPEXL        942060.0            0.000000 

                                   OPEXM        1395900.            0.000000 

                                   OPEXH        1395900.            0.000000 

                                    OPEX        1206649.            0.000000 

                                    AOTL        5639.573            0.000000 

                                    AOTM        4698.000            0.000000 

                                    AOTH        6655.500            0.000000 

                                      EP        4571288.            0.000000 

                                      GP        5684979.            0.000000 

                                     EPL        3037366.            0.000000 

                                     GPL        4151056.            0.000000 

                                     EPM        4457744.            0.000000 

                                     GPM        5571434.            0.000000 

                                     EPH        7281112.            0.000000 

                                     GPH        8394803.            0.000000 

                                  E_CONL        553.2200            0.000000 

                                  E_CONM        869.2200            0.000000 

                                  E_CONH        869.2200            0.000000 

                               E_DEMANDL        663.8640            0.000000 

                               E_DEMANDM        1043.064            0.000000 

                               E_DEMANDH        1043.064            0.000000 

                                E_DEMAND        884.9376            0.000000 

                                  E_GENL        663.8640            0.000000 

                                  E_GENM        1043.064            0.000000 

                                  E_GENH        1043.064            0.000000 

                               E_EXCESSL        0.000000            735.9635 

                               E_EXCESSM        0.000000            489.5890 

                               E_EXCESSH        0.000000            520.7091 

                                    REVL        5324834.            0.000000 

                                      LC        135000.0            0.000000 

                                     OTL        96717.99            0.000000 

                                    REVM        7128434.            0.000000 
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                                     OTM        26100.00            0.000000 

                                    REVH       0.1009862E+08        0.000000 

                                     OTH        172912.5            0.000000 

                                     REV        7118878.            0.000000 

                                      OT        92250.83            0.000000 

                                     AOT        5580.011            0.000000 

                                 YL( M1)       -34.71007            0.000000 

                                 YL( M2)       -10.31111            0.000000 

                                 YL( M3)        9.758749            0.000000 

                                 YL( M4)        0.000000            0.000000 

                                 YL( M5)        0.000000            0.000000 

                                 YL( M6)        0.000000            0.000000 

                                 YL( M7)        0.000000            0.000000 

                                 YL( M8)        0.000000            0.000000 

                                 YL( M9)        0.000000            0.000000 

                                YL( M10)        0.000000            0.000000 

                                YL( M11)        0.000000            0.000000 

                                YL( M12)       0.5827160E-01        0.000000 

                                YL( M13)        0.000000            0.000000 

                                YL( M14)        0.000000            0.000000 

                                YL( M15)        0.000000            0.000000 

                                YL( M16)        1.683570            0.000000 

                                YL( M17)        6.507722            0.000000 

                                YL( M18)        1.935230            0.000000 

                                YL( M19)        7.187759            0.000000 

                                YL( M20)        2.613307            0.000000 

                                YL( M21)        0.000000            0.000000 

                                YL( M22)        0.000000            0.000000 

                                YL( M23)        23.87118            0.000000 

                                YL( M24)       -14.67070            0.000000 

                                YL( M25)       0.2323145            0.000000 

                                YL( M26)        0.000000            0.000000 

                                YL( M27)       0.5539738            0.000000 

                                YL( M28)        0.000000            0.000000 

                                YL( M29)        0.000000            0.000000 

                                YL( M30)        663.8640            0.000000 

                                 YM( M1)       -55.55556            0.000000 

                                 YM( M2)       -16.50355            0.000000 

                                 YM( M3)        15.61946            0.000000 

                                 YM( M4)        0.000000            0.000000 

                                 YM( M5)        0.000000            0.000000 

                                 YM( M6)        0.000000            0.000000 

                                 YM( M7)        0.000000            0.000000 

                                 YM( M8)        0.000000            0.000000 

                                 YM( M9)        0.000000            0.000000 

                                YM( M10)        0.000000            0.000000 

                                YM( M11)        0.000000            0.000000 

                                YM( M12)       0.9326720E-01        0.000000 

                                YM( M13)        0.000000            0.000000 

                                YM( M14)        0.000000            0.000000 

                                YM( M15)        0.000000            0.000000 

                                YM( M16)        2.819287            0.000000 

                                YM( M17)        10.41600            0.000000 

                                YM( M18)        3.097451            0.000000 

                                YM( M19)        11.50444            0.000000 

                                YM( M20)        4.182754            0.000000 

                                YM( M21)        0.000000            0.000000 

                                YM( M22)        0.000000            0.000000 

                                YM( M23)        38.20726            0.000000 

                                YM( M24)       -23.05062            0.000000 

                                YM( M25)       0.3669726            0.000000 

                                YM( M26)        0.000000            0.000000 

                                YM( M27)       0.4559560            0.000000 

                                YM( M28)        0.000000            0.000000 

                                YM( M29)        0.000000            0.000000 

                                YM( M30)        1043.064            0.000000 

                                 YH( M1)       -55.55556            0.000000 

                                 YH( M2)       -16.50355            0.000000 
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                                 YH( M3)        15.61946            0.000000 

                                 YH( M4)        0.000000            0.000000 

                                 YH( M5)        0.000000            0.000000 

                                 YH( M6)        0.000000            0.000000 

                                 YH( M7)        0.000000            0.000000 

                                 YH( M8)        0.000000            0.000000 

                                 YH( M9)        0.000000            0.000000 

                                YH( M10)        0.000000            0.000000 

                                YH( M11)        0.000000            0.000000 

                                YH( M12)       0.9326720E-01        0.000000 

                                YH( M13)        0.000000            0.000000 

                                YH( M14)        0.000000            0.000000 

                                YH( M15)        0.000000            0.000000 

                                YH( M16)        2.819287            0.000000 

                                YH( M17)        10.41600            0.000000 

                                YH( M18)        3.097451            0.000000 

                                YH( M19)        11.50444            0.000000 

                                YH( M20)        4.182754            0.000000 

                                YH( M21)        0.000000            0.000000 

                                YH( M22)        0.000000            0.000000 

                                YH( M23)        38.20726            0.000000 

                                YH( M24)       -23.05062            0.000000 

                                YH( M25)       0.3669726            0.000000 

                                YH( M26)        0.000000            0.000000 

                                YH( M27)       0.4559560            0.000000 

                                YH( M28)        0.000000            0.000000 

                                YH( M29)        0.000000            0.000000 

                                YH( M30)        1043.064            0.000000 

                                YUP( M1)        0.000000            0.000000 

                                YUP( M2)        0.000000            0.000000 

                                YUP( M3)        100.0000            0.000000 

                                YUP( M4)        0.000000            0.000000 

                                YUP( M5)        0.000000            0.000000 

                                YUP( M6)        0.000000            0.000000 

                                YUP( M7)        0.000000            0.000000 

                                YUP( M8)        0.000000            0.000000 

                                YUP( M9)        0.000000            0.000000 

                               YUP( M10)        0.000000            0.000000 

                               YUP( M11)        0.000000            0.000000 

                               YUP( M12)        100.0000            0.000000 

                               YUP( M13)        0.000000            0.000000 

                               YUP( M14)        0.000000            0.000000 

                               YUP( M15)        100.0000            0.000000 

                               YUP( M16)        100.0000            0.000000 

                               YUP( M17)        100.0000            0.000000 

                               YUP( M18)        100.0000            0.000000 

                               YUP( M19)        100.0000            0.000000 

                               YUP( M20)        100.0000            0.000000 

                               YUP( M21)        0.000000            0.000000 

                               YUP( M22)        0.000000            0.000000 

                               YUP( M23)        100.0000            0.000000 

                               YUP( M24)        0.000000            0.000000 

                               YUP( M25)        100.0000            0.000000 

                               YUP( M26)        0.000000            0.000000 

                               YUP( M27)        100.0000            0.000000 

                               YUP( M28)        100.0000            0.000000 

                               YUP( M29)        100.0000            0.000000 

                               YUP( M30)        3000.000            0.000000 

                               YLOW( M1)       -100.0000            0.000000 

                               YLOW( M2)       -100.0000            0.000000 

                               YLOW( M3)        0.000000            0.000000 

                               YLOW( M4)        0.000000            0.000000 

                               YLOW( M5)        0.000000            0.000000 

                               YLOW( M6)        0.000000            0.000000 

                               YLOW( M7)        0.000000            0.000000 

                               YLOW( M8)        0.000000            0.000000 

                               YLOW( M9)        0.000000            0.000000 

                              YLOW( M10)        0.000000            0.000000 
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                              YLOW( M11)        0.000000            0.000000 

                              YLOW( M12)        0.000000            0.000000 

                              YLOW( M13)        0.000000            0.000000 

                              YLOW( M14)        0.000000            0.000000 

                              YLOW( M15)        0.000000            0.000000 

                              YLOW( M16)        0.000000            0.000000 

                              YLOW( M17)        0.000000            0.000000 

                              YLOW( M18)        0.000000            0.000000 

                              YLOW( M19)        0.000000            0.000000 

                              YLOW( M20)        0.000000            0.000000 

                              YLOW( M21)        0.000000            0.000000 

                              YLOW( M22)        0.000000            0.000000 

                              YLOW( M23)        0.000000            0.000000 

                              YLOW( M24)       -100.0000            0.000000 

                              YLOW( M25)        0.000000            0.000000 

                              YLOW( M26)        0.000000            0.000000 

                              YLOW( M27)        0.000000            0.000000 

                              YLOW( M28)        0.000000            0.000000 

                              YLOW( M29)        0.000000            0.000000 

                              YLOW( M30)        0.000000            0.000000 

                              PRICE( M1)        121.0000            0.000000 

                              PRICE( M2)       0.5500000            0.000000 

                              PRICE( M3)        0.000000            0.000000 

                              PRICE( M4)        0.000000            0.000000 

                              PRICE( M5)        0.000000            0.000000 

                              PRICE( M6)        0.000000            0.000000 

                              PRICE( M7)        0.000000            0.000000 

                              PRICE( M8)        0.000000            0.000000 

                              PRICE( M9)        0.000000            0.000000 

                             PRICE( M10)        0.000000            0.000000 

                             PRICE( M11)        0.000000            0.000000 

                             PRICE( M12)        0.000000            0.000000 

                             PRICE( M13)        0.000000            0.000000 

                             PRICE( M14)        0.000000            0.000000 

                             PRICE( M15)        23.00000            0.000000 

                             PRICE( M16)        45.00000            0.000000 

                             PRICE( M17)        8.000000            0.000000 

                             PRICE( M18)        43.00000            0.000000 

                             PRICE( M19)        548.0000            0.000000 

                             PRICE( M20)        389.0000            0.000000 

                             PRICE( M21)        0.000000            0.000000 

                             PRICE( M22)        0.000000            0.000000 

                             PRICE( M23)        0.000000            0.000000 

                             PRICE( M24)        1.140000            0.000000 

                             PRICE( M25)        0.000000            0.000000 

                             PRICE( M26)        0.000000            0.000000 

                             PRICE( M27)        0.000000            0.000000 

                             PRICE( M28)        0.000000            0.000000 

                             PRICE( M29)        0.000000            0.000000 

                             PRICE( M30)        0.000000            0.000000 

                                XL( TE1)        34.71007            0.000000 

                                XL( TE2)        31.23907            0.000000 

                                XL( TE3)        7.497376            0.000000 

                                XL( TE4)        23.74169            0.000000 

                                XL( TE5)        24.69136            0.000000 

                                XL( TE6)        9.876543            0.000000 

                                XL( TE7)        5.827160            0.000000 

                                XL( TE8)        5.768889            0.000000 

                                XL( TE9)        14.81481            0.000000 

                               XL( TE10)        1.565998            0.000000 

                               XL( TE11)        8.000000            0.000000 

                               XL( TE12)        17.12593            0.000000 

                               XL( TE13)        24.10573            0.000000 

                               XL( TE14)        5.145472            0.000000 

                               XL( TE15)       0.3759232            0.000000 

                               XL( TE16)        14.67070            0.000000 

                               XL( TE17)        199.6014            0.000000 

                               XL( TE18)        464.2626            0.000000 
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                                XM( TE1)        55.55556            0.000000 

                                XM( TE2)        50.00000            0.000000 

                                XM( TE3)        12.00000            0.000000 

                                XM( TE4)        38.00000            0.000000 

                                XM( TE5)        39.52000            0.000000 

                                XM( TE6)        15.80800            0.000000 

                                XM( TE7)        9.326720            0.000000 

                                XM( TE8)        9.233453            0.000000 

                                XM( TE9)        23.71200            0.000000 

                               XM( TE10)        2.506473            0.000000 

                               XM( TE11)        12.80448            0.000000 

                               XM( TE12)        27.41107            0.000000 

                               XM( TE13)        38.58267            0.000000 

                               XM( TE14)        8.235636            0.000000 

                               XM( TE15)       0.4770559            0.000000 

                               XM( TE16)        23.05062            0.000000 

                               XM( TE17)        313.6139            0.000000 

                               XM( TE18)        729.4501            0.000000 

                                XH( TE1)        55.55556            0.000000 

                                XH( TE2)        50.00000            0.000000 

                                XH( TE3)        12.00000            0.000000 

                                XH( TE4)        38.00000            0.000000 

                                XH( TE5)        39.52000            0.000000 

                                XH( TE6)        15.80800            0.000000 

                                XH( TE7)        9.326720            0.000000 

                                XH( TE8)        9.233453            0.000000 

                                XH( TE9)        23.71200            0.000000 

                               XH( TE10)        2.506473            0.000000 

                               XH( TE11)        12.80448            0.000000 

                               XH( TE12)        27.41107            0.000000 

                               XH( TE13)        38.58267            0.000000 

                               XH( TE14)        8.235636            0.000000 

                               XH( TE15)       0.4770559            0.000000 

                               XH( TE16)        23.05062            0.000000 

                               XH( TE17)        313.6139            0.000000 

                               XH( TE18)        729.4501            0.000000 

                                 B( TE1)       0.9259259            0.000000 

                                 B( TE2)        1.000000            0.000000 

                                 B( TE3)       0.6000000            0.000000 

                                 B( TE4)       0.6333333            0.000000 

                                 B( TE5)       0.7904000            0.000000 

                                 B( TE6)       0.7904000            0.000000 

                                 B( TE7)       0.9326720            0.000000 

                                 B( TE8)       0.6155635            0.000000 

                                 B( TE9)       0.7904000            0.000000 

                                B( TE10)       0.2506473E-01        0.000000 

                                B( TE11)       0.8002800            0.000000 

                                B( TE12)       0.6852768            0.000000 

                                B( TE13)       0.9410408            0.000000 

                                B( TE14)       0.8235636E-01        0.000000 

                                B( TE15)       0.4770559E-02        0.000000 

                                B( TE16)       0.9220249            0.000000 

                                B( TE17)       0.3136139            0.000000 

                                B( TE18)       0.7294501            0.000000 

                                UL( TE1)        2.000000            156662.0 

                                UL( TE2)        1.000000            41616.87 

                                UL( TE3)        1.000000            23255.34 

                                UL( TE4)        2.000000            70170.25 

                                UL( TE5)        1.000000            53340.65 

                                UL( TE6)        1.000000            73094.52 

                                UL( TE7)        1.000000            45480.56 

                                UL( TE8)        1.000000            54643.36 

                                UL( TE9)        2.000000            35767.00 

                               UL( TE10)        1.000000            0.000000 

                               UL( TE11)        1.000000           -606523.7 

                               UL( TE12)        1.000000            61671.81 

                               UL( TE13)        1.000000            6126.022 

                               UL( TE14)        1.000000            0.000000 
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                               UL( TE15)        1.000000            0.000000 

                               UL( TE16)        1.000000            40032.00 

                               UL( TE17)        1.000000            8306.640 

                               UL( TE18)        1.000000            6104.880 

                                UM( TE1)        3.000000            332947.8 

                                UM( TE2)        1.000000            0.000000 

                                UM( TE3)        2.000000            16804.60 

                                UM( TE4)        2.000000            0.000000 

                                UM( TE5)        2.000000            37885.87 

                                UM( TE6)        2.000000            50292.97 

                                UM( TE7)        1.000000            32657.06 

                                UM( TE8)        1.000000            0.000000 

                                UM( TE9)        3.000000            24794.22 

                               UM( TE10)        1.000000            0.000000 

                               UM( TE11)        2.000000            42540.74 

                               UM( TE12)        2.000000            43361.34 

                               UM( TE13)        1.000000            4242.038 

                               UM( TE14)        1.000000            0.000000 

                               UM( TE15)        1.000000            0.000000 

                               UM( TE16)        1.000000            31968.00 

                               UM( TE17)        1.000000            6633.360 

                               UM( TE18)        2.000000            4875.120 

                                UH( TE1)        3.000000            0.000000 

                                UH( TE2)        1.000000            0.000000 

                                UH( TE3)        2.000000            26933.56 

                                UH( TE4)        2.000000            0.000000 

                                UH( TE5)        2.000000            53135.24 

                                UH( TE6)        2.000000            74449.77 

                                UH( TE7)        1.000000            47574.06 

                                UH( TE8)        1.000000            46230.65 

                                UH( TE9)        3.000000            38946.23 

                               UH( TE10)        1.000000            0.000000 

                               UH( TE11)        2.000000            75942.38 

                               UH( TE12)        2.000000            70644.54 

                               UH( TE13)        1.000000            6607.677 

                               UH( TE14)        1.000000            0.000000 

                               UH( TE15)        1.000000            0.000000 

                               UH( TE16)        1.000000            216680.0 

                               UH( TE17)        1.000000            84942.20 

                               UH( TE18)        2.000000            62427.40 

                             ELTOT( TE1)        150.8000            0.000000 

                             ELTOT( TE2)        28.00000            0.000000 

                             ELTOT( TE3)        15.00000            0.000000 

                             ELTOT( TE4)        36.00000            0.000000 

                             ELTOT( TE5)        40.00000            0.000000 

                             ELTOT( TE6)        68.60000            0.000000 

                             ELTOT( TE7)        31.10000            0.000000 

                             ELTOT( TE8)        29.20000            0.000000 

                             ELTOT( TE9)        64.00000            0.000000 

                            ELTOT( TE10)        0.000000            0.000000 

                            ELTOT( TE11)        35.00000            0.000000 

                            ELTOT( TE12)        50.00000            0.000000 

                            ELTOT( TE13)        5.520000            0.000000 

                            ELTOT( TE14)        0.000000            0.000000 

                            ELTOT( TE15)        0.000000            0.000000 

                            ELTOT( TE16)        0.000000            0.000000 

                            ELTOT( TE17)        0.000000            0.000000 

                            ELTOT( TE18)        0.000000            0.000000 

                             EMTOT( TE1)        226.2000            0.000000 

                             EMTOT( TE2)        28.00000            0.000000 

                             EMTOT( TE3)        30.00000            0.000000 

                             EMTOT( TE4)        36.00000            0.000000 

                             EMTOT( TE5)        80.00000            0.000000 

                             EMTOT( TE6)        137.2000            0.000000 

                             EMTOT( TE7)        31.10000            0.000000 

                             EMTOT( TE8)        29.20000            0.000000 

                             EMTOT( TE9)        96.00000            0.000000 

                            EMTOT( TE10)        0.000000            0.000000 
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                            EMTOT( TE11)        70.00000            0.000000 

                            EMTOT( TE12)        100.0000            0.000000 

                            EMTOT( TE13)        5.520000            0.000000 

                            EMTOT( TE14)        0.000000            0.000000 

                            EMTOT( TE15)        0.000000            0.000000 

                            EMTOT( TE16)        0.000000            0.000000 

                            EMTOT( TE17)        0.000000            0.000000 

                            EMTOT( TE18)        0.000000            0.000000 

                             EHTOT( TE1)        226.2000            0.000000 

                             EHTOT( TE2)        28.00000            0.000000 

                             EHTOT( TE3)        30.00000            0.000000 

                             EHTOT( TE4)        36.00000            0.000000 

                             EHTOT( TE5)        80.00000            0.000000 

                             EHTOT( TE6)        137.2000            0.000000 

                             EHTOT( TE7)        31.10000            0.000000 

                             EHTOT( TE8)        29.20000            0.000000 

                             EHTOT( TE9)        96.00000            0.000000 

                            EHTOT( TE10)        0.000000            0.000000 

                            EHTOT( TE11)        70.00000            0.000000 

                            EHTOT( TE12)        100.0000            0.000000 

                            EHTOT( TE13)        5.520000            0.000000 

                            EHTOT( TE14)        0.000000            0.000000 

                            EHTOT( TE15)        0.000000            0.000000 

                            EHTOT( TE16)        0.000000            0.000000 

                            EHTOT( TE17)        0.000000            0.000000 

                            EHTOT( TE18)        0.000000            0.000000 

                            CCLTOT( TE1)        2400000.            0.000000 

                            CCLTOT( TE2)        225000.0            0.000000 

                            CCLTOT( TE3)        120000.0            0.000000 

                            CCLTOT( TE4)        300000.0            0.000000 

                            CCLTOT( TE5)        180000.0            0.000000 

                            CCLTOT( TE6)        250000.0            0.000000 

                            CCLTOT( TE7)        180000.0            0.000000 

                            CCLTOT( TE8)        250000.0            0.000000 

                            CCLTOT( TE9)        300000.0            0.000000 

                           CCLTOT( TE10)        0.000000            0.000000 

                           CCLTOT( TE11)        390000.0            0.000000 

                           CCLTOT( TE12)        300000.0            0.000000 

                           CCLTOT( TE13)        25000.00            0.000000 

                           CCLTOT( TE14)        0.000000            0.000000 

                           CCLTOT( TE15)        0.000000            0.000000 

                           CCLTOT( TE16)        2000000.            0.000000 

                           CCLTOT( TE17)        830000.0            0.000000 

                           CCLTOT( TE18)        610000.0            0.000000 

                            CCMTOT( TE1)        3600000.            0.000000 

                            CCMTOT( TE2)        225000.0            0.000000 

                            CCMTOT( TE3)        240000.0            0.000000 

                            CCMTOT( TE4)        300000.0            0.000000 

                            CCMTOT( TE5)        360000.0            0.000000 

                            CCMTOT( TE6)        500000.0            0.000000 

                            CCMTOT( TE7)        180000.0            0.000000 

                            CCMTOT( TE8)        250000.0            0.000000 

                            CCMTOT( TE9)        450000.0            0.000000 

                           CCMTOT( TE10)        0.000000            0.000000 

                           CCMTOT( TE11)        780000.0            0.000000 

                           CCMTOT( TE12)        600000.0            0.000000 

                           CCMTOT( TE13)        25000.00            0.000000 

                           CCMTOT( TE14)        0.000000            0.000000 

                           CCMTOT( TE15)        0.000000            0.000000 

                           CCMTOT( TE16)        2000000.            0.000000 

                           CCMTOT( TE17)        830000.0            0.000000 

                           CCMTOT( TE18)        1220000.            0.000000 

                            CCHTOT( TE1)        3600000.            0.000000 

                            CCHTOT( TE2)        225000.0            0.000000 

                            CCHTOT( TE3)        240000.0            0.000000 

                            CCHTOT( TE4)        300000.0            0.000000 

                            CCHTOT( TE5)        360000.0            0.000000 

                            CCHTOT( TE6)        500000.0            0.000000 
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                            CCHTOT( TE7)        180000.0            0.000000 

                            CCHTOT( TE8)        250000.0            0.000000 

                            CCHTOT( TE9)        450000.0            0.000000 

                           CCHTOT( TE10)        0.000000            0.000000 

                           CCHTOT( TE11)        780000.0            0.000000 

                           CCHTOT( TE12)        600000.0            0.000000 

                           CCHTOT( TE13)        25000.00            0.000000 

                           CCHTOT( TE14)        0.000000            0.000000 

                           CCHTOT( TE15)        0.000000            0.000000 

                           CCHTOT( TE16)        2000000.            0.000000 

                           CCHTOT( TE17)        830000.0            0.000000 

                           CCHTOT( TE18)        1220000.            0.000000 

                            OCLTOT( TE1)        432000.0            0.000000 

                            OCLTOT( TE2)        40500.00            0.000000 

                            OCLTOT( TE3)        24000.00            0.000000 

                            OCLTOT( TE4)        36000.00            0.000000 

                            OCLTOT( TE5)        43200.00            0.000000 

                            OCLTOT( TE6)        30000.00            0.000000 

                            OCLTOT( TE7)        43200.00            0.000000 

                            OCLTOT( TE8)        15600.00            0.000000 

                            OCLTOT( TE9)        36000.00            0.000000 

                           OCLTOT( TE10)        0.000000            0.000000 

                           OCLTOT( TE11)        66000.00            0.000000 

                           OCLTOT( TE12)        42000.00            0.000000 

                           OCLTOT( TE13)        3000.000            0.000000 

                           OCLTOT( TE14)        0.000000            0.000000 

                           OCLTOT( TE15)        0.000000            0.000000 

                           OCLTOT( TE16)        96000.00            0.000000 

                           OCLTOT( TE17)        19920.00            0.000000 

                           OCLTOT( TE18)        14640.00            0.000000 

                            OCMTOT( TE1)        648000.0            0.000000 

                            OCMTOT( TE2)        40500.00            0.000000 

                            OCMTOT( TE3)        48000.00            0.000000 

                            OCMTOT( TE4)        36000.00            0.000000 

                            OCMTOT( TE5)        86400.00            0.000000 

                            OCMTOT( TE6)        60000.00            0.000000 

                            OCMTOT( TE7)        43200.00            0.000000 

                            OCMTOT( TE8)        15600.00            0.000000 

                            OCMTOT( TE9)        54000.00            0.000000 

                           OCMTOT( TE10)        0.000000            0.000000 

                           OCMTOT( TE11)        132000.0            0.000000 

                           OCMTOT( TE12)        84000.00            0.000000 

                           OCMTOT( TE13)        3000.000            0.000000 

                           OCMTOT( TE14)        0.000000            0.000000 

                           OCMTOT( TE15)        0.000000            0.000000 

                           OCMTOT( TE16)        96000.00            0.000000 

                           OCMTOT( TE17)        19920.00            0.000000 

                           OCMTOT( TE18)        29280.00            0.000000 

                            OCHTOT( TE1)        648000.0            0.000000 

                            OCHTOT( TE2)        40500.00            0.000000 

                            OCHTOT( TE3)        48000.00            0.000000 

                            OCHTOT( TE4)        36000.00            0.000000 

                            OCHTOT( TE5)        86400.00            0.000000 

                            OCHTOT( TE6)        60000.00            0.000000 

                            OCHTOT( TE7)        43200.00            0.000000 

                            OCHTOT( TE8)        15600.00            0.000000 

                            OCHTOT( TE9)        54000.00            0.000000 

                           OCHTOT( TE10)        0.000000            0.000000 

                           OCHTOT( TE11)        132000.0            0.000000 

                           OCHTOT( TE12)        84000.00            0.000000 

                           OCHTOT( TE13)        3000.000            0.000000 

                           OCHTOT( TE14)        0.000000            0.000000 

                           OCHTOT( TE15)        0.000000            0.000000 

                           OCHTOT( TE16)        96000.00            0.000000 

                           OCHTOT( TE17)        19920.00            0.000000 

                           OCHTOT( TE18)        29280.00            0.000000 

                              UMAX( TE1)        3.000000            0.000000 

                              UMAX( TE2)        1.000000            0.000000 
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                              UMAX( TE3)        2.000000            0.000000 

                              UMAX( TE4)        3.000000            0.000000 

                              UMAX( TE5)        2.000000            0.000000 

                              UMAX( TE6)        2.000000            0.000000 

                              UMAX( TE7)        1.000000            0.000000 

                              UMAX( TE8)        1.000000            0.000000 

                              UMAX( TE9)        3.000000            0.000000 

                             UMAX( TE10)        1.000000            0.000000 

                             UMAX( TE11)        2.000000            0.000000 

                             UMAX( TE12)        2.000000            0.000000 

                             UMAX( TE13)        1.000000            0.000000 

                             UMAX( TE14)        1.000000            0.000000 

                             UMAX( TE15)        1.000000            0.000000 

                             UMAX( TE16)        1.000000            0.000000 

                             UMAX( TE17)        1.000000            0.000000 

                             UMAX( TE18)        2.000000            0.000000 

                             A( M1, TE1)       -1.000000            0.000000 

                             A( M1, TE2)        0.000000            0.000000 

                             A( M1, TE3)        0.000000            0.000000 

                             A( M1, TE4)        0.000000            0.000000 

                             A( M1, TE5)        0.000000            0.000000 

                             A( M1, TE6)        0.000000            0.000000 

                             A( M1, TE7)        0.000000            0.000000 

                             A( M1, TE8)        0.000000            0.000000 

                             A( M1, TE9)        0.000000            0.000000 

                            A( M1, TE10)        0.000000            0.000000 

                            A( M1, TE11)        0.000000            0.000000 

                            A( M1, TE12)        0.000000            0.000000 

                            A( M1, TE13)        0.000000            0.000000 

                            A( M1, TE14)        0.000000            0.000000 

                            A( M1, TE15)        0.000000            0.000000 

                            A( M1, TE16)        0.000000            0.000000 

                            A( M1, TE17)        0.000000            0.000000 

                            A( M1, TE18)        0.000000            0.000000 

                             A( M2, TE1)        0.000000            0.000000 

                             A( M2, TE2)        0.000000            0.000000 

                             A( M2, TE3)        0.000000            0.000000 

                             A( M2, TE4)        0.000000            0.000000 

                             A( M2, TE5)        0.000000            0.000000 

                             A( M2, TE6)        0.000000            0.000000 

                             A( M2, TE7)        0.000000            0.000000 

                             A( M2, TE8)        0.000000            0.000000 

                             A( M2, TE9)      -0.6960000            0.000000 

                            A( M2, TE10)        0.000000            0.000000 

                            A( M2, TE11)        0.000000            0.000000 

                            A( M2, TE12)        0.000000            0.000000 

                            A( M2, TE13)        0.000000            0.000000 

                            A( M2, TE14)        0.000000            0.000000 

                            A( M2, TE15)        0.000000            0.000000 

                            A( M2, TE16)        0.000000            0.000000 

                            A( M2, TE17)        0.000000            0.000000 

                            A( M2, TE18)        0.000000            0.000000 

                             A( M3, TE1)       0.1700000            0.000000 

                             A( M3, TE2)        0.000000            0.000000 

                             A( M3, TE3)        0.000000            0.000000 

                             A( M3, TE4)       0.1160000            0.000000 

                             A( M3, TE5)        0.000000            0.000000 

                             A( M3, TE6)        0.000000            0.000000 

                             A( M3, TE7)        0.000000            0.000000 

                             A( M3, TE8)        0.000000            0.000000 

                             A( M3, TE9)        0.000000            0.000000 

                            A( M3, TE10)        0.000000            0.000000 

                            A( M3, TE11)       0.1380000            0.000000 

                            A( M3, TE12)        0.000000            0.000000 

                            A( M3, TE13)        0.000000            0.000000 

                            A( M3, TE14)        0.000000            0.000000 

                            A( M3, TE15)        0.000000            0.000000 

                            A( M3, TE16)        0.000000            0.000000 
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                            A( M3, TE17)        0.000000            0.000000 

                            A( M3, TE18)        0.000000            0.000000 

                             A( M4, TE1)       0.9000000            0.000000 

                             A( M4, TE2)       -1.000000            0.000000 

                             A( M4, TE3)        0.000000            0.000000 

                             A( M4, TE4)        0.000000            0.000000 

                             A( M4, TE5)        0.000000            0.000000 

                             A( M4, TE6)        0.000000            0.000000 

                             A( M4, TE7)        0.000000            0.000000 

                             A( M4, TE8)        0.000000            0.000000 

                             A( M4, TE9)        0.000000            0.000000 

                            A( M4, TE10)        0.000000            0.000000 

                            A( M4, TE11)        0.000000            0.000000 

                            A( M4, TE12)        0.000000            0.000000 

                            A( M4, TE13)        0.000000            0.000000 

                            A( M4, TE14)        0.000000            0.000000 

                            A( M4, TE15)        0.000000            0.000000 

                            A( M4, TE16)        0.000000            0.000000 

                            A( M4, TE17)        0.000000            0.000000 

                            A( M4, TE18)        0.000000            0.000000 

                             A( M5, TE1)        0.000000            0.000000 

                             A( M5, TE2)       0.2400000            0.000000 

                             A( M5, TE3)       -1.000000            0.000000 

                             A( M5, TE4)        0.000000            0.000000 

                             A( M5, TE5)        0.000000            0.000000 

                             A( M5, TE6)        0.000000            0.000000 

                             A( M5, TE7)        0.000000            0.000000 

                             A( M5, TE8)        0.000000            0.000000 

                             A( M5, TE9)        0.000000            0.000000 

                            A( M5, TE10)        0.000000            0.000000 

                            A( M5, TE11)        0.000000            0.000000 

                            A( M5, TE12)        0.000000            0.000000 

                            A( M5, TE13)        0.000000            0.000000 

                            A( M5, TE14)        0.000000            0.000000 

                            A( M5, TE15)        0.000000            0.000000 

                            A( M5, TE16)        0.000000            0.000000 

                            A( M5, TE17)        0.000000            0.000000 

                            A( M5, TE18)        0.000000            0.000000 

                             A( M6, TE1)        0.000000            0.000000 

                             A( M6, TE2)       0.7600000            0.000000 

                             A( M6, TE3)        0.000000            0.000000 

                             A( M6, TE4)       -1.000000            0.000000 

                             A( M6, TE5)        0.000000            0.000000 

                             A( M6, TE6)        0.000000            0.000000 

                             A( M6, TE7)        0.000000            0.000000 

                             A( M6, TE8)        0.000000            0.000000 

                             A( M6, TE9)        0.000000            0.000000 

                            A( M6, TE10)        0.000000            0.000000 

                            A( M6, TE11)        0.000000            0.000000 

                            A( M6, TE12)        0.000000            0.000000 

                            A( M6, TE13)        0.000000            0.000000 

                            A( M6, TE14)        0.000000            0.000000 

                            A( M6, TE15)        0.000000            0.000000 

                            A( M6, TE16)        0.000000            0.000000 

                            A( M6, TE17)        0.000000            0.000000 

                            A( M6, TE18)        0.000000            0.000000 

                             A( M7, TE1)        0.000000            0.000000 

                             A( M7, TE2)        0.000000            0.000000 

                             A( M7, TE3)        0.000000            0.000000 

                             A( M7, TE4)        1.040000            0.000000 

                             A( M7, TE5)       -1.000000            0.000000 

                             A( M7, TE6)        0.000000            0.000000 

                             A( M7, TE7)        0.000000            0.000000 

                             A( M7, TE8)        0.000000            0.000000 

                             A( M7, TE9)        0.000000            0.000000 

                            A( M7, TE10)        0.000000            0.000000 

                            A( M7, TE11)        0.000000            0.000000 

                            A( M7, TE12)        0.000000            0.000000 
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                            A( M7, TE13)        0.000000            0.000000 

                            A( M7, TE14)        0.000000            0.000000 

                            A( M7, TE15)        0.000000            0.000000 

                            A( M7, TE16)        0.000000            0.000000 

                            A( M7, TE17)        0.000000            0.000000 

                            A( M7, TE18)        0.000000            0.000000 

                             A( M8, TE1)        0.000000            0.000000 

                             A( M8, TE2)        0.000000            0.000000 

                             A( M8, TE3)        0.000000            0.000000 

                             A( M8, TE4)        0.000000            0.000000 

                             A( M8, TE5)       0.6000000            0.000000 

                             A( M8, TE6)        0.000000            0.000000 

                             A( M8, TE7)        0.000000            0.000000 

                             A( M8, TE8)        0.000000            0.000000 

                             A( M8, TE9)       -1.000000            0.000000 

                            A( M8, TE10)        0.000000            0.000000 

                            A( M8, TE11)        0.000000            0.000000 

                            A( M8, TE12)        0.000000            0.000000 

                            A( M8, TE13)        0.000000            0.000000 

                            A( M8, TE14)        0.000000            0.000000 

                            A( M8, TE15)        0.000000            0.000000 

                            A( M8, TE16)        0.000000            0.000000 

                            A( M8, TE17)        0.000000            0.000000 

                            A( M8, TE18)        0.000000            0.000000 

                             A( M9, TE1)        0.000000            0.000000 

                             A( M9, TE2)        0.000000            0.000000 

                             A( M9, TE3)        0.000000            0.000000 

                             A( M9, TE4)        0.000000            0.000000 

                             A( M9, TE5)       0.4000000            0.000000 

                             A( M9, TE6)       -1.000000            0.000000 

                             A( M9, TE7)        0.000000            0.000000 

                             A( M9, TE8)        0.000000            0.000000 

                             A( M9, TE9)        0.000000            0.000000 

                            A( M9, TE10)        0.000000            0.000000 

                            A( M9, TE11)        0.000000            0.000000 

                            A( M9, TE12)        0.000000            0.000000 

                            A( M9, TE13)        0.000000            0.000000 

                            A( M9, TE14)        0.000000            0.000000 

                            A( M9, TE15)        0.000000            0.000000 

                            A( M9, TE16)        0.000000            0.000000 

                            A( M9, TE17)        0.000000            0.000000 

                            A( M9, TE18)        0.000000            0.000000 

                            A( M10, TE1)        0.000000            0.000000 

                            A( M10, TE2)        0.000000            0.000000 

                            A( M10, TE3)        0.000000            0.000000 

                            A( M10, TE4)        0.000000            0.000000 

                            A( M10, TE5)        0.000000            0.000000 

                            A( M10, TE6)       0.5900000            0.000000 

                            A( M10, TE7)       -1.000000            0.000000 

                            A( M10, TE8)        0.000000            0.000000 

                            A( M10, TE9)        0.000000            0.000000 

                           A( M10, TE10)        0.000000            0.000000 

                           A( M10, TE11)        0.000000            0.000000 

                           A( M10, TE12)        0.000000            0.000000 

                           A( M10, TE13)        0.000000            0.000000 

                           A( M10, TE14)        0.000000            0.000000 

                           A( M10, TE15)        0.000000            0.000000 

                           A( M10, TE16)        0.000000            0.000000 

                           A( M10, TE17)        0.000000            0.000000 

                           A( M10, TE18)        0.000000            0.000000 

                            A( M11, TE1)        0.000000            0.000000 

                            A( M11, TE2)        0.000000            0.000000 

                            A( M11, TE3)        0.000000            0.000000 

                            A( M11, TE4)        0.000000            0.000000 

                            A( M11, TE5)        0.000000            0.000000 

                            A( M11, TE6)        0.000000            0.000000 

                            A( M11, TE7)       0.9900000            0.000000 

                            A( M11, TE8)       -1.000000            0.000000 
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                            A( M11, TE9)        0.000000            0.000000 

                           A( M11, TE10)        0.000000            0.000000 

                           A( M11, TE11)        0.000000            0.000000 

                           A( M11, TE12)        0.000000            0.000000 

                           A( M11, TE13)        0.000000            0.000000 

                           A( M11, TE14)        0.000000            0.000000 

                           A( M11, TE15)        0.000000            0.000000 

                           A( M11, TE16)        0.000000            0.000000 

                           A( M11, TE17)        0.000000            0.000000 

                           A( M11, TE18)        0.000000            0.000000 

                            A( M12, TE1)        0.000000            0.000000 

                            A( M12, TE2)        0.000000            0.000000 

                            A( M12, TE3)        0.000000            0.000000 

                            A( M12, TE4)        0.000000            0.000000 

                            A( M12, TE5)        0.000000            0.000000 

                            A( M12, TE6)        0.000000            0.000000 

                            A( M12, TE7)       0.1000000E-01        0.000000 

                            A( M12, TE8)        0.000000            0.000000 

                            A( M12, TE9)        0.000000            0.000000 

                           A( M12, TE10)        0.000000            0.000000 

                           A( M12, TE11)        0.000000            0.000000 

                           A( M12, TE12)        0.000000            0.000000 

                           A( M12, TE13)        0.000000            0.000000 

                           A( M12, TE14)        0.000000            0.000000 

                           A( M12, TE15)        0.000000            0.000000 

                           A( M12, TE16)        0.000000            0.000000 

                           A( M12, TE17)        0.000000            0.000000 

                           A( M12, TE18)        0.000000            0.000000 

                            A( M13, TE1)        0.000000            0.000000 

                            A( M13, TE2)        0.000000            0.000000 

                            A( M13, TE3)        0.000000            0.000000 

                            A( M13, TE4)        0.000000            0.000000 

                            A( M13, TE5)        0.000000            0.000000 

                            A( M13, TE6)        0.000000            0.000000 

                            A( M13, TE7)        0.000000            0.000000 

                            A( M13, TE8)        0.000000            0.000000 

                            A( M13, TE9)        1.156000            0.000000 

                           A( M13, TE10)        0.000000            0.000000 

                           A( M13, TE11)        0.000000            0.000000 

                           A( M13, TE12)       -1.000000            0.000000 

                           A( M13, TE13)        0.000000            0.000000 

                           A( M13, TE14)        0.000000            0.000000 

                           A( M13, TE15)        0.000000            0.000000 

                           A( M13, TE16)        0.000000            0.000000 

                           A( M13, TE17)        0.000000            0.000000 

                           A( M13, TE18)        0.000000            0.000000 

                            A( M14, TE1)        0.000000            0.000000 

                            A( M14, TE2)        0.000000            0.000000 

                            A( M14, TE3)        0.000000            0.000000 

                            A( M14, TE4)        0.000000            0.000000 

                            A( M14, TE5)        0.000000            0.000000 

                            A( M14, TE6)        0.000000            0.000000 

                            A( M14, TE7)        0.000000            0.000000 

                            A( M14, TE8)        0.000000            0.000000 

                            A( M14, TE9)       0.5400000            0.000000 

                           A( M14, TE10)        0.000000            0.000000 

                           A( M14, TE11)       -1.000000            0.000000 

                           A( M14, TE12)        0.000000            0.000000 

                           A( M14, TE13)        0.000000            0.000000 

                           A( M14, TE14)        0.000000            0.000000 

                           A( M14, TE15)        0.000000            0.000000 

                           A( M14, TE16)        0.000000            0.000000 

                           A( M14, TE17)        0.000000            0.000000 

                           A( M14, TE18)        0.000000            0.000000 

                            A( M15, TE1)        0.000000            0.000000 

                            A( M15, TE2)        0.000000            0.000000 

                            A( M15, TE3)        0.000000            0.000000 

                            A( M15, TE4)        0.000000            0.000000 



Appendices 

lxxxix 

                            A( M15, TE5)        0.000000            0.000000 

                            A( M15, TE6)       0.4100000            0.000000 

                            A( M15, TE7)        0.000000            0.000000 

                            A( M15, TE8)       0.1900000            0.000000 

                            A( M15, TE9)        0.000000            0.000000 

                           A( M15, TE10)        0.000000            0.000000 

                           A( M15, TE11)        0.000000            0.000000 

                           A( M15, TE12)        0.000000            0.000000 

                           A( M15, TE13)        0.000000            0.000000 

                           A( M15, TE14)       -1.000000            0.000000 

                           A( M15, TE15)        0.000000            0.000000 

                           A( M15, TE16)        0.000000            0.000000 

                           A( M15, TE17)        0.000000            0.000000 

                           A( M15, TE18)        0.000000            0.000000 

                            A( M16, TE1)        0.000000            0.000000 

                            A( M16, TE2)        0.000000            0.000000 

                            A( M16, TE3)        0.000000            0.000000 

                            A( M16, TE4)        0.000000            0.000000 

                            A( M16, TE5)        0.000000            0.000000 

                            A( M16, TE6)        0.000000            0.000000 

                            A( M16, TE7)        0.000000            0.000000 

                            A( M16, TE8)       0.3570000            0.000000 

                            A( M16, TE9)        0.000000            0.000000 

                           A( M16, TE10)        0.000000            0.000000 

                           A( M16, TE11)        0.000000            0.000000 

                           A( M16, TE12)        0.000000            0.000000 

                           A( M16, TE13)        0.000000            0.000000 

                           A( M16, TE14)        0.000000            0.000000 

                           A( M16, TE15)       -1.000000            0.000000 

                           A( M16, TE16)        0.000000            0.000000 

                           A( M16, TE17)        0.000000            0.000000 

                           A( M16, TE18)        0.000000            0.000000 

                            A( M17, TE1)        0.000000            0.000000 

                            A( M17, TE2)        0.000000            0.000000 

                            A( M17, TE3)       0.8680000            0.000000 

                            A( M17, TE4)        0.000000            0.000000 

                            A( M17, TE5)        0.000000            0.000000 

                            A( M17, TE6)        0.000000            0.000000 

                            A( M17, TE7)        0.000000            0.000000 

                            A( M17, TE8)        0.000000            0.000000 

                            A( M17, TE9)        0.000000            0.000000 

                           A( M17, TE10)        0.000000            0.000000 

                           A( M17, TE11)        0.000000            0.000000 

                           A( M17, TE12)        0.000000            0.000000 

                           A( M17, TE13)        0.000000            0.000000 

                           A( M17, TE14)        0.000000            0.000000 

                           A( M17, TE15)        0.000000            0.000000 

                           A( M17, TE16)        0.000000            0.000000 

                           A( M17, TE17)        0.000000            0.000000 

                           A( M17, TE18)        0.000000            0.000000 

                            A( M18, TE1)        0.000000            0.000000 

                            A( M18, TE2)        0.000000            0.000000 

                            A( M18, TE3)        0.000000            0.000000 

                            A( M18, TE4)        0.000000            0.000000 

                            A( M18, TE5)        0.000000            0.000000 

                            A( M18, TE6)        0.000000            0.000000 

                            A( M18, TE7)        0.000000            0.000000 

                            A( M18, TE8)        0.000000            0.000000 

                            A( M18, TE9)        0.000000            0.000000 

                           A( M18, TE10)        0.000000            0.000000 

                           A( M18, TE11)        0.000000            0.000000 

                           A( M18, TE12)       0.1130000            0.000000 

                           A( M18, TE13)        0.000000            0.000000 

                           A( M18, TE14)        0.000000            0.000000 

                           A( M18, TE15)        0.000000            0.000000 

                           A( M18, TE16)        0.000000            0.000000 

                           A( M18, TE17)        0.000000            0.000000 

                           A( M18, TE18)        0.000000            0.000000 
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                            A( M19, TE1)        0.000000            0.000000 

                            A( M19, TE2)        0.000000            0.000000 

                            A( M19, TE3)        0.000000            0.000000 

                            A( M19, TE4)        0.000000            0.000000 

                            A( M19, TE5)        0.000000            0.000000 

                            A( M19, TE6)        0.000000            0.000000 

                            A( M19, TE7)        0.000000            0.000000 

                            A( M19, TE8)        0.000000            0.000000 

                            A( M19, TE9)        0.000000            0.000000 

                           A( M19, TE10)       0.3600000            0.000000 

                           A( M19, TE11)       0.8280000            0.000000 

                           A( M19, TE12)        0.000000            0.000000 

                           A( M19, TE13)        0.000000            0.000000 

                           A( M19, TE14)        0.000000            0.000000 

                           A( M19, TE15)        0.000000            0.000000 

                           A( M19, TE16)        0.000000            0.000000 

                           A( M19, TE17)        0.000000            0.000000 

                           A( M19, TE18)        0.000000            0.000000 

                            A( M20, TE1)        0.000000            0.000000 

                            A( M20, TE2)        0.000000            0.000000 

                            A( M20, TE3)        0.000000            0.000000 

                            A( M20, TE4)        0.000000            0.000000 

                            A( M20, TE5)        0.000000            0.000000 

                            A( M20, TE6)        0.000000            0.000000 

                            A( M20, TE7)        0.000000            0.000000 

                            A( M20, TE8)       0.4530000            0.000000 

                            A( M20, TE9)        0.000000            0.000000 

                           A( M20, TE10)        0.000000            0.000000 

                           A( M20, TE11)        0.000000            0.000000 

                           A( M20, TE12)        0.000000            0.000000 

                           A( M20, TE13)        0.000000            0.000000 

                           A( M20, TE14)        0.000000            0.000000 

                           A( M20, TE15)        0.000000            0.000000 

                           A( M20, TE16)        0.000000            0.000000 

                           A( M20, TE17)        0.000000            0.000000 

                           A( M20, TE18)        0.000000            0.000000 

                            A( M21, TE1)        0.000000            0.000000 

                            A( M21, TE2)        0.000000            0.000000 

                            A( M21, TE3)       0.1320000            0.000000 

                            A( M21, TE4)        0.000000            0.000000 

                            A( M21, TE5)        0.000000            0.000000 

                            A( M21, TE6)        0.000000            0.000000 

                            A( M21, TE7)        0.000000            0.000000 

                            A( M21, TE8)        0.000000            0.000000 

                            A( M21, TE9)        0.000000            0.000000 

                           A( M21, TE10)       -1.000000            0.000000 

                           A( M21, TE11)        0.000000            0.000000 

                           A( M21, TE12)       0.2000000E-01        0.000000 

                           A( M21, TE13)       0.9700000E-02        0.000000 

                           A( M21, TE14)        0.000000            0.000000 

                           A( M21, TE15)        0.000000            0.000000 

                           A( M21, TE16)        0.000000            0.000000 

                           A( M21, TE17)        0.000000            0.000000 

                           A( M21, TE18)        0.000000            0.000000 

                            A( M22, TE1)       0.2300000            0.000000 

                            A( M22, TE2)        0.000000            0.000000 

                            A( M22, TE3)        0.000000            0.000000 

                            A( M22, TE4)        0.000000            0.000000 

                            A( M22, TE5)        0.000000            0.000000 

                            A( M22, TE6)        0.000000            0.000000 

                            A( M22, TE7)        0.000000            0.000000 

                            A( M22, TE8)        0.000000            0.000000 

                            A( M22, TE9)        0.000000            0.000000 

                           A( M22, TE10)       0.6400000            0.000000 

                           A( M22, TE11)       0.3400000E-01        0.000000 

                           A( M22, TE12)       0.8670000            0.000000 

                           A( M22, TE13)       -1.000000            0.000000 

                           A( M22, TE14)        0.000000            0.000000 



Appendices 

xci 

                           A( M22, TE15)        0.000000            0.000000 

                           A( M22, TE16)        0.000000            0.000000 

                           A( M22, TE17)        0.000000            0.000000 

                           A( M22, TE18)        0.000000            0.000000 

                            A( M23, TE1)        0.000000            0.000000 

                            A( M23, TE2)        0.000000            0.000000 

                            A( M23, TE3)        0.000000            0.000000 

                            A( M23, TE4)        0.000000            0.000000 

                            A( M23, TE5)        0.000000            0.000000 

                            A( M23, TE6)        0.000000            0.000000 

                            A( M23, TE7)        0.000000            0.000000 

                            A( M23, TE8)        0.000000            0.000000 

                            A( M23, TE9)        0.000000            0.000000 

                           A( M23, TE10)        0.000000            0.000000 

                           A( M23, TE11)        0.000000            0.000000 

                           A( M23, TE12)        0.000000            0.000000 

                           A( M23, TE13)       0.9902700            0.000000 

                           A( M23, TE14)        0.000000            0.000000 

                           A( M23, TE15)        0.000000            0.000000 

                           A( M23, TE16)        0.000000            0.000000 

                           A( M23, TE17)        0.000000            0.000000 

                           A( M23, TE18)        0.000000            0.000000 

                            A( M24, TE1)        0.000000            0.000000 

                            A( M24, TE2)        0.000000            0.000000 

                            A( M24, TE3)        0.000000            0.000000 

                            A( M24, TE4)        0.000000            0.000000 

                            A( M24, TE5)        0.000000            0.000000 

                            A( M24, TE6)        0.000000            0.000000 

                            A( M24, TE7)        0.000000            0.000000 

                            A( M24, TE8)        0.000000            0.000000 

                            A( M24, TE9)        0.000000            0.000000 

                           A( M24, TE10)        0.000000            0.000000 

                           A( M24, TE11)        0.000000            0.000000 

                           A( M24, TE12)        0.000000            0.000000 

                           A( M24, TE13)        0.000000            0.000000 

                           A( M24, TE14)        0.000000            0.000000 

                           A( M24, TE15)        0.000000            0.000000 

                           A( M24, TE16)       -1.000000            0.000000 

                           A( M24, TE17)        0.000000            0.000000 

                           A( M24, TE18)        0.000000            0.000000 

                            A( M25, TE1)        0.000000            0.000000 

                            A( M25, TE2)        0.000000            0.000000 

                            A( M25, TE3)        0.000000            0.000000 

                            A( M25, TE4)        0.000000            0.000000 

                            A( M25, TE5)        0.000000            0.000000 

                            A( M25, TE6)        0.000000            0.000000 

                            A( M25, TE7)        0.000000            0.000000 

                            A( M25, TE8)        0.000000            0.000000 

                            A( M25, TE9)        0.000000            0.000000 

                           A( M25, TE10)        0.000000            0.000000 

                           A( M25, TE11)        0.000000            0.000000 

                           A( M25, TE12)        0.000000            0.000000 

                           A( M25, TE13)        0.000000            0.000000 

                           A( M25, TE14)       0.4230000E-01        0.000000 

                           A( M25, TE15)       0.3900000E-01        0.000000 

                           A( M25, TE16)        0.000000            0.000000 

                           A( M25, TE17)        0.000000            0.000000 

                           A( M25, TE18)        0.000000            0.000000 

                            A( M26, TE1)        0.000000            0.000000 

                            A( M26, TE2)        0.000000            0.000000 

                            A( M26, TE3)        0.000000            0.000000 

                            A( M26, TE4)        0.000000            0.000000 

                            A( M26, TE5)        0.000000            0.000000 

                            A( M26, TE6)        0.000000            0.000000 

                            A( M26, TE7)        0.000000            0.000000 

                            A( M26, TE8)        0.000000            0.000000 

                            A( M26, TE9)        0.000000            0.000000 

                           A( M26, TE10)        0.000000            0.000000 
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                           A( M26, TE11)        0.000000            0.000000 

                           A( M26, TE12)        0.000000            0.000000 

                           A( M26, TE13)        0.000000            0.000000 

                           A( M26, TE14)        13388.00            0.000000 

                           A( M26, TE15)        17804.00            0.000000 

                           A( M26, TE16)       -5151.800            0.000000 

                           A( M26, TE17)        0.000000            0.000000 

                           A( M26, TE18)        0.000000            0.000000 

                            A( M27, TE1)      -0.3000000            0.000000 

                            A( M27, TE2)        0.000000            0.000000 

                            A( M27, TE3)        0.000000            0.000000 

                            A( M27, TE4)      -0.1560000            0.000000 

                            A( M27, TE5)        0.000000            0.000000 

                            A( M27, TE6)        0.000000            0.000000 

                            A( M27, TE7)        0.000000            0.000000 

                            A( M27, TE8)        0.000000            0.000000 

                            A( M27, TE9)        0.000000            0.000000 

                           A( M27, TE10)        0.000000            0.000000 

                           A( M27, TE11)        0.000000            0.000000 

                           A( M27, TE12)        0.000000            0.000000 

                           A( M27, TE13)        0.000000            0.000000 

                           A( M27, TE14)        0.000000            0.000000 

                           A( M27, TE15)        0.000000            0.000000 

                           A( M27, TE16)        0.000000            0.000000 

                           A( M27, TE17)        0.000000            0.000000 

                           A( M27, TE18)       0.3160000E-01        0.000000 

                            A( M28, TE1)        0.000000            0.000000 

                            A( M28, TE2)        0.000000            0.000000 

                            A( M28, TE3)        0.000000            0.000000 

                            A( M28, TE4)        0.000000            0.000000 

                            A( M28, TE5)        0.000000            0.000000 

                            A( M28, TE6)        0.000000            0.000000 

                            A( M28, TE7)        0.000000            0.000000 

                            A( M28, TE8)        0.000000            0.000000 

                            A( M28, TE9)        0.000000            0.000000 

                           A( M28, TE10)        0.000000            0.000000 

                           A( M28, TE11)        0.000000            0.000000 

                           A( M28, TE12)        0.000000            0.000000 

                           A( M28, TE13)        0.000000            0.000000 

                           A( M28, TE14)        0.000000            0.000000 

                           A( M28, TE15)        0.000000            0.000000 

                           A( M28, TE16)        0.000000            0.000000 

                           A( M28, TE17)       0.7350000E-01        0.000000 

                           A( M28, TE18)      -0.3160000E-01        0.000000 

                            A( M29, TE1)        0.000000            0.000000 

                            A( M29, TE2)        0.000000            0.000000 

                            A( M29, TE3)        0.000000            0.000000 

                            A( M29, TE4)        0.000000            0.000000 

                            A( M29, TE5)        0.000000            0.000000 

                            A( M29, TE6)        0.000000            0.000000 

                            A( M29, TE7)        0.000000            0.000000 

                            A( M29, TE8)        0.000000            0.000000 

                            A( M29, TE9)        0.000000            0.000000 

                           A( M29, TE10)        0.000000            0.000000 

                           A( M29, TE11)        0.000000            0.000000 

                           A( M29, TE12)        0.000000            0.000000 

                           A( M29, TE13)        0.000000            0.000000 

                           A( M29, TE14)        0.000000            0.000000 

                           A( M29, TE15)        0.000000            0.000000 

                           A( M29, TE16)        1.000000            0.000000 

                           A( M29, TE17)      -0.7350000E-01        0.000000 

                           A( M29, TE18)        0.000000            0.000000 

                            A( M30, TE1)        0.000000            0.000000 

                            A( M30, TE2)        0.000000            0.000000 

                            A( M30, TE3)        0.000000            0.000000 

                            A( M30, TE4)        0.000000            0.000000 

                            A( M30, TE5)        0.000000            0.000000 

                            A( M30, TE6)        0.000000            0.000000 
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                            A( M30, TE7)        0.000000            0.000000 

                            A( M30, TE8)        0.000000            0.000000 

                            A( M30, TE9)        0.000000            0.000000 

                           A( M30, TE10)        0.000000            0.000000 

                           A( M30, TE11)        0.000000            0.000000 

                           A( M30, TE12)        0.000000            0.000000 

                           A( M30, TE13)        0.000000            0.000000 

                           A( M30, TE14)        0.000000            0.000000 

                           A( M30, TE15)        0.000000            0.000000 

                           A( M30, TE16)        0.000000            0.000000 

                           A( M30, TE17)        1.000000            0.000000 

                           A( M30, TE18)        1.000000            0.000000 

                       CAPINV( TE1, TE1)       0.5000000E-01        0.000000 

                       CAPINV( TE1, TE2)        0.000000            0.000000 

                       CAPINV( TE1, TE3)        0.000000            0.000000 

                       CAPINV( TE1, TE4)        0.000000            0.000000 

                       CAPINV( TE1, TE5)        0.000000            0.000000 

                       CAPINV( TE1, TE6)        0.000000            0.000000 

                       CAPINV( TE1, TE7)        0.000000            0.000000 

                       CAPINV( TE1, TE8)        0.000000            0.000000 

                       CAPINV( TE1, TE9)        0.000000            0.000000 

                      CAPINV( TE1, TE10)        0.000000            0.000000 

                      CAPINV( TE1, TE11)        0.000000            0.000000 

                      CAPINV( TE1, TE12)        0.000000            0.000000 

                      CAPINV( TE1, TE13)        0.000000            0.000000 

                      CAPINV( TE1, TE14)        0.000000            0.000000 

                      CAPINV( TE1, TE15)        0.000000            0.000000 

                      CAPINV( TE1, TE16)        0.000000            0.000000 

                      CAPINV( TE1, TE17)        0.000000            0.000000 

                      CAPINV( TE1, TE18)        0.000000            0.000000 

                       CAPINV( TE2, TE1)        0.000000            0.000000 

                       CAPINV( TE2, TE2)       0.2000000E-01        0.000000 

                       CAPINV( TE2, TE3)        0.000000            0.000000 

                       CAPINV( TE2, TE4)        0.000000            0.000000 

                       CAPINV( TE2, TE5)        0.000000            0.000000 

                       CAPINV( TE2, TE6)        0.000000            0.000000 

                       CAPINV( TE2, TE7)        0.000000            0.000000 

                       CAPINV( TE2, TE8)        0.000000            0.000000 

                       CAPINV( TE2, TE9)        0.000000            0.000000 

                      CAPINV( TE2, TE10)        0.000000            0.000000 

                      CAPINV( TE2, TE11)        0.000000            0.000000 

                      CAPINV( TE2, TE12)        0.000000            0.000000 

                      CAPINV( TE2, TE13)        0.000000            0.000000 

                      CAPINV( TE2, TE14)        0.000000            0.000000 

                      CAPINV( TE2, TE15)        0.000000            0.000000 

                      CAPINV( TE2, TE16)        0.000000            0.000000 

                      CAPINV( TE2, TE17)        0.000000            0.000000 

                      CAPINV( TE2, TE18)        0.000000            0.000000 

                       CAPINV( TE3, TE1)        0.000000            0.000000 

                       CAPINV( TE3, TE2)        0.000000            0.000000 

                       CAPINV( TE3, TE3)       0.1000000            0.000000 

                       CAPINV( TE3, TE4)        0.000000            0.000000 

                       CAPINV( TE3, TE5)        0.000000            0.000000 

                       CAPINV( TE3, TE6)        0.000000            0.000000 

                       CAPINV( TE3, TE7)        0.000000            0.000000 

                       CAPINV( TE3, TE8)        0.000000            0.000000 

                       CAPINV( TE3, TE9)        0.000000            0.000000 

                      CAPINV( TE3, TE10)        0.000000            0.000000 

                      CAPINV( TE3, TE11)        0.000000            0.000000 

                      CAPINV( TE3, TE12)        0.000000            0.000000 

                      CAPINV( TE3, TE13)        0.000000            0.000000 

                      CAPINV( TE3, TE14)        0.000000            0.000000 

                      CAPINV( TE3, TE15)        0.000000            0.000000 

                      CAPINV( TE3, TE16)        0.000000            0.000000 

                      CAPINV( TE3, TE17)        0.000000            0.000000 

                      CAPINV( TE3, TE18)        0.000000            0.000000 

                       CAPINV( TE4, TE1)        0.000000            0.000000 

                       CAPINV( TE4, TE2)        0.000000            0.000000 
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                       CAPINV( TE4, TE3)        0.000000            0.000000 

                       CAPINV( TE4, TE4)       0.5000000E-01        0.000000 

                       CAPINV( TE4, TE5)        0.000000            0.000000 

                       CAPINV( TE4, TE6)        0.000000            0.000000 

                       CAPINV( TE4, TE7)        0.000000            0.000000 

                       CAPINV( TE4, TE8)        0.000000            0.000000 

                       CAPINV( TE4, TE9)        0.000000            0.000000 

                      CAPINV( TE4, TE10)        0.000000            0.000000 

                      CAPINV( TE4, TE11)        0.000000            0.000000 

                      CAPINV( TE4, TE12)        0.000000            0.000000 

                      CAPINV( TE4, TE13)        0.000000            0.000000 

                      CAPINV( TE4, TE14)        0.000000            0.000000 

                      CAPINV( TE4, TE15)        0.000000            0.000000 

                      CAPINV( TE4, TE16)        0.000000            0.000000 

                      CAPINV( TE4, TE17)        0.000000            0.000000 

                      CAPINV( TE4, TE18)        0.000000            0.000000 

                       CAPINV( TE5, TE1)        0.000000            0.000000 

                       CAPINV( TE5, TE2)        0.000000            0.000000 

                       CAPINV( TE5, TE3)        0.000000            0.000000 

                       CAPINV( TE5, TE4)        0.000000            0.000000 

                       CAPINV( TE5, TE5)       0.4000000E-01        0.000000 

                       CAPINV( TE5, TE6)        0.000000            0.000000 

                       CAPINV( TE5, TE7)        0.000000            0.000000 

                       CAPINV( TE5, TE8)        0.000000            0.000000 

                       CAPINV( TE5, TE9)        0.000000            0.000000 

                      CAPINV( TE5, TE10)        0.000000            0.000000 

                      CAPINV( TE5, TE11)        0.000000            0.000000 

                      CAPINV( TE5, TE12)        0.000000            0.000000 

                      CAPINV( TE5, TE13)        0.000000            0.000000 

                      CAPINV( TE5, TE14)        0.000000            0.000000 

                      CAPINV( TE5, TE15)        0.000000            0.000000 

                      CAPINV( TE5, TE16)        0.000000            0.000000 

                      CAPINV( TE5, TE17)        0.000000            0.000000 

                      CAPINV( TE5, TE18)        0.000000            0.000000 

                       CAPINV( TE6, TE1)        0.000000            0.000000 

                       CAPINV( TE6, TE2)        0.000000            0.000000 

                       CAPINV( TE6, TE3)        0.000000            0.000000 

                       CAPINV( TE6, TE4)        0.000000            0.000000 

                       CAPINV( TE6, TE5)        0.000000            0.000000 

                       CAPINV( TE6, TE6)       0.1000000            0.000000 

                       CAPINV( TE6, TE7)        0.000000            0.000000 

                       CAPINV( TE6, TE8)        0.000000            0.000000 

                       CAPINV( TE6, TE9)        0.000000            0.000000 

                      CAPINV( TE6, TE10)        0.000000            0.000000 

                      CAPINV( TE6, TE11)        0.000000            0.000000 

                      CAPINV( TE6, TE12)        0.000000            0.000000 

                      CAPINV( TE6, TE13)        0.000000            0.000000 

                      CAPINV( TE6, TE14)        0.000000            0.000000 

                      CAPINV( TE6, TE15)        0.000000            0.000000 

                      CAPINV( TE6, TE16)        0.000000            0.000000 

                      CAPINV( TE6, TE17)        0.000000            0.000000 

                      CAPINV( TE6, TE18)        0.000000            0.000000 

                       CAPINV( TE7, TE1)        0.000000            0.000000 

                       CAPINV( TE7, TE2)        0.000000            0.000000 

                       CAPINV( TE7, TE3)        0.000000            0.000000 

                       CAPINV( TE7, TE4)        0.000000            0.000000 

                       CAPINV( TE7, TE5)        0.000000            0.000000 

                       CAPINV( TE7, TE6)        0.000000            0.000000 

                       CAPINV( TE7, TE7)       0.1000000            0.000000 

                       CAPINV( TE7, TE8)        0.000000            0.000000 

                       CAPINV( TE7, TE9)        0.000000            0.000000 

                      CAPINV( TE7, TE10)        0.000000            0.000000 

                      CAPINV( TE7, TE11)        0.000000            0.000000 

                      CAPINV( TE7, TE12)        0.000000            0.000000 

                      CAPINV( TE7, TE13)        0.000000            0.000000 

                      CAPINV( TE7, TE14)        0.000000            0.000000 

                      CAPINV( TE7, TE15)        0.000000            0.000000 

                      CAPINV( TE7, TE16)        0.000000            0.000000 
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                      CAPINV( TE7, TE17)        0.000000            0.000000 

                      CAPINV( TE7, TE18)        0.000000            0.000000 

                       CAPINV( TE8, TE1)        0.000000            0.000000 

                       CAPINV( TE8, TE2)        0.000000            0.000000 

                       CAPINV( TE8, TE3)        0.000000            0.000000 

                       CAPINV( TE8, TE4)        0.000000            0.000000 

                       CAPINV( TE8, TE5)        0.000000            0.000000 

                       CAPINV( TE8, TE6)        0.000000            0.000000 

                       CAPINV( TE8, TE7)        0.000000            0.000000 

                       CAPINV( TE8, TE8)       0.6666667E-01        0.000000 

                       CAPINV( TE8, TE9)        0.000000            0.000000 

                      CAPINV( TE8, TE10)        0.000000            0.000000 

                      CAPINV( TE8, TE11)        0.000000            0.000000 

                      CAPINV( TE8, TE12)        0.000000            0.000000 

                      CAPINV( TE8, TE13)        0.000000            0.000000 

                      CAPINV( TE8, TE14)        0.000000            0.000000 

                      CAPINV( TE8, TE15)        0.000000            0.000000 

                      CAPINV( TE8, TE16)        0.000000            0.000000 

                      CAPINV( TE8, TE17)        0.000000            0.000000 

                      CAPINV( TE8, TE18)        0.000000            0.000000 

                       CAPINV( TE9, TE1)        0.000000            0.000000 

                       CAPINV( TE9, TE2)        0.000000            0.000000 

                       CAPINV( TE9, TE3)        0.000000            0.000000 

                       CAPINV( TE9, TE4)        0.000000            0.000000 

                       CAPINV( TE9, TE5)        0.000000            0.000000 

                       CAPINV( TE9, TE6)        0.000000            0.000000 

                       CAPINV( TE9, TE7)        0.000000            0.000000 

                       CAPINV( TE9, TE8)        0.000000            0.000000 

                       CAPINV( TE9, TE9)       0.1000000            0.000000 

                      CAPINV( TE9, TE10)        0.000000            0.000000 

                      CAPINV( TE9, TE11)        0.000000            0.000000 

                      CAPINV( TE9, TE12)        0.000000            0.000000 

                      CAPINV( TE9, TE13)        0.000000            0.000000 

                      CAPINV( TE9, TE14)        0.000000            0.000000 

                      CAPINV( TE9, TE15)        0.000000            0.000000 

                      CAPINV( TE9, TE16)        0.000000            0.000000 

                      CAPINV( TE9, TE17)        0.000000            0.000000 

                      CAPINV( TE9, TE18)        0.000000            0.000000 

                      CAPINV( TE10, TE1)        0.000000            0.000000 

                      CAPINV( TE10, TE2)        0.000000            0.000000 

                      CAPINV( TE10, TE3)        0.000000            0.000000 

                      CAPINV( TE10, TE4)        0.000000            0.000000 

                      CAPINV( TE10, TE5)        0.000000            0.000000 

                      CAPINV( TE10, TE6)        0.000000            0.000000 

                      CAPINV( TE10, TE7)        0.000000            0.000000 

                      CAPINV( TE10, TE8)        0.000000            0.000000 

                      CAPINV( TE10, TE9)        0.000000            0.000000 

                     CAPINV( TE10, TE10)       0.1000000E-01        0.000000 

                     CAPINV( TE10, TE11)        0.000000            0.000000 

                     CAPINV( TE10, TE12)        0.000000            0.000000 

                     CAPINV( TE10, TE13)        0.000000            0.000000 

                     CAPINV( TE10, TE14)        0.000000            0.000000 

                     CAPINV( TE10, TE15)        0.000000            0.000000 

                     CAPINV( TE10, TE16)        0.000000            0.000000 

                     CAPINV( TE10, TE17)        0.000000            0.000000 

                     CAPINV( TE10, TE18)        0.000000            0.000000 

                      CAPINV( TE11, TE1)        0.000000            0.000000 

                      CAPINV( TE11, TE2)        0.000000            0.000000 

                      CAPINV( TE11, TE3)        0.000000            0.000000 

                      CAPINV( TE11, TE4)        0.000000            0.000000 

                      CAPINV( TE11, TE5)        0.000000            0.000000 

                      CAPINV( TE11, TE6)        0.000000            0.000000 

                      CAPINV( TE11, TE7)        0.000000            0.000000 

                      CAPINV( TE11, TE8)        0.000000            0.000000 

                      CAPINV( TE11, TE9)        0.000000            0.000000 

                     CAPINV( TE11, TE10)        0.000000            0.000000 

                     CAPINV( TE11, TE11)       0.1250000            0.000000 

                     CAPINV( TE11, TE12)        0.000000            0.000000 
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                     CAPINV( TE11, TE13)        0.000000            0.000000 

                     CAPINV( TE11, TE14)        0.000000            0.000000 

                     CAPINV( TE11, TE15)        0.000000            0.000000 

                     CAPINV( TE11, TE16)        0.000000            0.000000 

                     CAPINV( TE11, TE17)        0.000000            0.000000 

                     CAPINV( TE11, TE18)        0.000000            0.000000 

                      CAPINV( TE12, TE1)        0.000000            0.000000 

                      CAPINV( TE12, TE2)        0.000000            0.000000 

                      CAPINV( TE12, TE3)        0.000000            0.000000 

                      CAPINV( TE12, TE4)        0.000000            0.000000 

                      CAPINV( TE12, TE5)        0.000000            0.000000 

                      CAPINV( TE12, TE6)        0.000000            0.000000 

                      CAPINV( TE12, TE7)        0.000000            0.000000 

                      CAPINV( TE12, TE8)        0.000000            0.000000 

                      CAPINV( TE12, TE9)        0.000000            0.000000 

                     CAPINV( TE12, TE10)        0.000000            0.000000 

                     CAPINV( TE12, TE11)        0.000000            0.000000 

                     CAPINV( TE12, TE12)       0.5000000E-01        0.000000 

                     CAPINV( TE12, TE13)        0.000000            0.000000 

                     CAPINV( TE12, TE14)        0.000000            0.000000 

                     CAPINV( TE12, TE15)        0.000000            0.000000 

                     CAPINV( TE12, TE16)        0.000000            0.000000 

                     CAPINV( TE12, TE17)        0.000000            0.000000 

                     CAPINV( TE12, TE18)        0.000000            0.000000 

                      CAPINV( TE13, TE1)        0.000000            0.000000 

                      CAPINV( TE13, TE2)        0.000000            0.000000 

                      CAPINV( TE13, TE3)        0.000000            0.000000 

                      CAPINV( TE13, TE4)        0.000000            0.000000 

                      CAPINV( TE13, TE5)        0.000000            0.000000 

                      CAPINV( TE13, TE6)        0.000000            0.000000 

                      CAPINV( TE13, TE7)        0.000000            0.000000 

                      CAPINV( TE13, TE8)        0.000000            0.000000 

                      CAPINV( TE13, TE9)        0.000000            0.000000 

                     CAPINV( TE13, TE10)        0.000000            0.000000 

                     CAPINV( TE13, TE11)        0.000000            0.000000 

                     CAPINV( TE13, TE12)        0.000000            0.000000 

                     CAPINV( TE13, TE13)       0.2439024E-01        0.000000 

                     CAPINV( TE13, TE14)        0.000000            0.000000 

                     CAPINV( TE13, TE15)        0.000000            0.000000 

                     CAPINV( TE13, TE16)        0.000000            0.000000 

                     CAPINV( TE13, TE17)        0.000000            0.000000 

                     CAPINV( TE13, TE18)        0.000000            0.000000 

                      CAPINV( TE14, TE1)        0.000000            0.000000 

                      CAPINV( TE14, TE2)        0.000000            0.000000 

                      CAPINV( TE14, TE3)        0.000000            0.000000 

                      CAPINV( TE14, TE4)        0.000000            0.000000 

                      CAPINV( TE14, TE5)        0.000000            0.000000 

                      CAPINV( TE14, TE6)        0.000000            0.000000 

                      CAPINV( TE14, TE7)        0.000000            0.000000 

                      CAPINV( TE14, TE8)        0.000000            0.000000 

                      CAPINV( TE14, TE9)        0.000000            0.000000 

                     CAPINV( TE14, TE10)        0.000000            0.000000 

                     CAPINV( TE14, TE11)        0.000000            0.000000 

                     CAPINV( TE14, TE12)        0.000000            0.000000 

                     CAPINV( TE14, TE13)        0.000000            0.000000 

                     CAPINV( TE14, TE14)       0.1000000E-01        0.000000 

                     CAPINV( TE14, TE15)        0.000000            0.000000 

                     CAPINV( TE14, TE16)        0.000000            0.000000 

                     CAPINV( TE14, TE17)        0.000000            0.000000 

                     CAPINV( TE14, TE18)        0.000000            0.000000 

                      CAPINV( TE15, TE1)        0.000000            0.000000 

                      CAPINV( TE15, TE2)        0.000000            0.000000 

                      CAPINV( TE15, TE3)        0.000000            0.000000 

                      CAPINV( TE15, TE4)        0.000000            0.000000 

                      CAPINV( TE15, TE5)        0.000000            0.000000 

                      CAPINV( TE15, TE6)        0.000000            0.000000 

                      CAPINV( TE15, TE7)        0.000000            0.000000 

                      CAPINV( TE15, TE8)        0.000000            0.000000 
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                      CAPINV( TE15, TE9)        0.000000            0.000000 

                     CAPINV( TE15, TE10)        0.000000            0.000000 

                     CAPINV( TE15, TE11)        0.000000            0.000000 

                     CAPINV( TE15, TE12)        0.000000            0.000000 

                     CAPINV( TE15, TE13)        0.000000            0.000000 

                     CAPINV( TE15, TE14)        0.000000            0.000000 

                     CAPINV( TE15, TE15)       0.1000000E-01        0.000000 

                     CAPINV( TE15, TE16)        0.000000            0.000000 

                     CAPINV( TE15, TE17)        0.000000            0.000000 

                     CAPINV( TE15, TE18)        0.000000            0.000000 

                      CAPINV( TE16, TE1)        0.000000            0.000000 

                      CAPINV( TE16, TE2)        0.000000            0.000000 

                      CAPINV( TE16, TE3)        0.000000            0.000000 

                      CAPINV( TE16, TE4)        0.000000            0.000000 

                      CAPINV( TE16, TE5)        0.000000            0.000000 

                      CAPINV( TE16, TE6)        0.000000            0.000000 

                      CAPINV( TE16, TE7)        0.000000            0.000000 

                      CAPINV( TE16, TE8)        0.000000            0.000000 

                      CAPINV( TE16, TE9)        0.000000            0.000000 

                     CAPINV( TE16, TE10)        0.000000            0.000000 

                     CAPINV( TE16, TE11)        0.000000            0.000000 

                     CAPINV( TE16, TE12)        0.000000            0.000000 

                     CAPINV( TE16, TE13)        0.000000            0.000000 

                     CAPINV( TE16, TE14)        0.000000            0.000000 

                     CAPINV( TE16, TE15)        0.000000            0.000000 

                     CAPINV( TE16, TE16)       0.4000000E-01        0.000000 

                     CAPINV( TE16, TE17)        0.000000            0.000000 

                     CAPINV( TE16, TE18)        0.000000            0.000000 

                      CAPINV( TE17, TE1)        0.000000            0.000000 

                      CAPINV( TE17, TE2)        0.000000            0.000000 

                      CAPINV( TE17, TE3)        0.000000            0.000000 

                      CAPINV( TE17, TE4)        0.000000            0.000000 

                      CAPINV( TE17, TE5)        0.000000            0.000000 

                      CAPINV( TE17, TE6)        0.000000            0.000000 

                      CAPINV( TE17, TE7)        0.000000            0.000000 

                      CAPINV( TE17, TE8)        0.000000            0.000000 

                      CAPINV( TE17, TE9)        0.000000            0.000000 

                     CAPINV( TE17, TE10)        0.000000            0.000000 

                     CAPINV( TE17, TE11)        0.000000            0.000000 

                     CAPINV( TE17, TE12)        0.000000            0.000000 

                     CAPINV( TE17, TE13)        0.000000            0.000000 

                     CAPINV( TE17, TE14)        0.000000            0.000000 

                     CAPINV( TE17, TE15)        0.000000            0.000000 

                     CAPINV( TE17, TE16)        0.000000            0.000000 

                     CAPINV( TE17, TE17)       0.1000000E-02        0.000000 

                     CAPINV( TE17, TE18)        0.000000            0.000000 

                      CAPINV( TE18, TE1)        0.000000            0.000000 

                      CAPINV( TE18, TE2)        0.000000            0.000000 

                      CAPINV( TE18, TE3)        0.000000            0.000000 

                      CAPINV( TE18, TE4)        0.000000            0.000000 

                      CAPINV( TE18, TE5)        0.000000            0.000000 

                      CAPINV( TE18, TE6)        0.000000            0.000000 

                      CAPINV( TE18, TE7)        0.000000            0.000000 

                      CAPINV( TE18, TE8)        0.000000            0.000000 

                      CAPINV( TE18, TE9)        0.000000            0.000000 

                     CAPINV( TE18, TE10)        0.000000            0.000000 

                     CAPINV( TE18, TE11)        0.000000            0.000000 

                     CAPINV( TE18, TE12)        0.000000            0.000000 

                     CAPINV( TE18, TE13)        0.000000            0.000000 

                     CAPINV( TE18, TE14)        0.000000            0.000000 

                     CAPINV( TE18, TE15)        0.000000            0.000000 

                     CAPINV( TE18, TE16)        0.000000            0.000000 

                     CAPINV( TE18, TE17)        0.000000            0.000000 

                     CAPINV( TE18, TE18)       0.2000000E-02        0.000000 

                    CAPINVMAX( TE1, TE1)       0.1666667E-01        0.000000 

                    CAPINVMAX( TE1, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE1, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE1, TE4)        0.000000            0.000000 
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                    CAPINVMAX( TE1, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE1, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE1, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE1, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE1, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE1, TE18)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE2)       0.2000000E-01        0.000000 

                    CAPINVMAX( TE2, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE4)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE2, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE2, TE18)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE3)       0.5000000E-01        0.000000 

                    CAPINVMAX( TE3, TE4)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE3, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE3, TE18)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE4)       0.1666667E-01        0.000000 

                    CAPINVMAX( TE4, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE4, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE4, TE18)        0.000000            0.000000 
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                    CAPINVMAX( TE5, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE5, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE5, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE5, TE4)        0.000000            0.000000 

                    CAPINVMAX( TE5, TE5)       0.2000000E-01        0.000000 

                    CAPINVMAX( TE5, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE5, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE5, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE5, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE5, TE18)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE4)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE6)       0.5000000E-01        0.000000 

                    CAPINVMAX( TE6, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE6, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE6, TE18)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE4)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE7)       0.1000000            0.000000 

                    CAPINVMAX( TE7, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE7, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE7, TE18)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE4)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE8, TE8)       0.6666667E-01        0.000000 

                    CAPINVMAX( TE8, TE9)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE14)        0.000000            0.000000 
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                   CAPINVMAX( TE8, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE8, TE18)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE1)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE2)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE3)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE4)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE5)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE6)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE7)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE8)        0.000000            0.000000 

                    CAPINVMAX( TE9, TE9)       0.3333333E-01        0.000000 

                   CAPINVMAX( TE9, TE10)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE11)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE12)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE13)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE14)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE15)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE16)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE17)        0.000000            0.000000 

                   CAPINVMAX( TE9, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE10, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE10)       0.1000000E-01        0.000000 

                  CAPINVMAX( TE10, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE10, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE11, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE10)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE11)       0.6250000E-01        0.000000 

                  CAPINVMAX( TE11, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE11, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE12, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE12, TE10)        0.000000            0.000000 



Appendices 

ci 

                  CAPINVMAX( TE12, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE12, TE12)       0.2500000E-01        0.000000 

                  CAPINVMAX( TE12, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE12, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE12, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE12, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE12, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE12, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE13, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE10)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE13)       0.2439024E-01        0.000000 

                  CAPINVMAX( TE13, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE13, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE14, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE10)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE14)       0.1000000E-01        0.000000 

                  CAPINVMAX( TE14, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE14, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE15, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE10)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE15)       0.1000000E-01        0.000000 

                  CAPINVMAX( TE15, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE15, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE6)        0.000000            0.000000 
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                   CAPINVMAX( TE16, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE16, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE10)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE16)       0.4000000E-01        0.000000 

                  CAPINVMAX( TE16, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE16, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE17, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE10)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE17, TE17)       0.1000000E-02        0.000000 

                  CAPINVMAX( TE17, TE18)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE1)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE2)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE3)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE4)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE5)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE6)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE7)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE8)        0.000000            0.000000 

                   CAPINVMAX( TE18, TE9)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE10)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE11)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE12)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE13)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE14)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE15)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE16)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE17)        0.000000            0.000000 

                  CAPINVMAX( TE18, TE18)       0.1000000E-02        0.000000 

                            E( TE1, TE1)        75.40000            0.000000 

                            E( TE1, TE2)        0.000000            0.000000 

                            E( TE1, TE3)        0.000000            0.000000 

                            E( TE1, TE4)        0.000000            0.000000 

                            E( TE1, TE5)        0.000000            0.000000 

                            E( TE1, TE6)        0.000000            0.000000 

                            E( TE1, TE7)        0.000000            0.000000 

                            E( TE1, TE8)        0.000000            0.000000 

                            E( TE1, TE9)        0.000000            0.000000 

                           E( TE1, TE10)        0.000000            0.000000 

                           E( TE1, TE11)        0.000000            0.000000 

                           E( TE1, TE12)        0.000000            0.000000 

                           E( TE1, TE13)        0.000000            0.000000 

                           E( TE1, TE14)        0.000000            0.000000 

                           E( TE1, TE15)        0.000000            0.000000 

                           E( TE1, TE16)        0.000000            0.000000 

                           E( TE1, TE17)        0.000000            0.000000 

                           E( TE1, TE18)        0.000000            0.000000 

                            E( TE2, TE1)        0.000000            0.000000 

                            E( TE2, TE2)        28.00000            0.000000 



Appendices 

ciii 

                            E( TE2, TE3)        0.000000            0.000000 

                            E( TE2, TE4)        0.000000            0.000000 

                            E( TE2, TE5)        0.000000            0.000000 

                            E( TE2, TE6)        0.000000            0.000000 

                            E( TE2, TE7)        0.000000            0.000000 

                            E( TE2, TE8)        0.000000            0.000000 

                            E( TE2, TE9)        0.000000            0.000000 

                           E( TE2, TE10)        0.000000            0.000000 

                           E( TE2, TE11)        0.000000            0.000000 

                           E( TE2, TE12)        0.000000            0.000000 

                           E( TE2, TE13)        0.000000            0.000000 

                           E( TE2, TE14)        0.000000            0.000000 

                           E( TE2, TE15)        0.000000            0.000000 

                           E( TE2, TE16)        0.000000            0.000000 

                           E( TE2, TE17)        0.000000            0.000000 

                           E( TE2, TE18)        0.000000            0.000000 

                            E( TE3, TE1)        0.000000            0.000000 

                            E( TE3, TE2)        0.000000            0.000000 

                            E( TE3, TE3)        15.00000            0.000000 

                            E( TE3, TE4)        0.000000            0.000000 

                            E( TE3, TE5)        0.000000            0.000000 

                            E( TE3, TE6)        0.000000            0.000000 

                            E( TE3, TE7)        0.000000            0.000000 

                            E( TE3, TE8)        0.000000            0.000000 

                            E( TE3, TE9)        0.000000            0.000000 

                           E( TE3, TE10)        0.000000            0.000000 

                           E( TE3, TE11)        0.000000            0.000000 

                           E( TE3, TE12)        0.000000            0.000000 

                           E( TE3, TE13)        0.000000            0.000000 

                           E( TE3, TE14)        0.000000            0.000000 

                           E( TE3, TE15)        0.000000            0.000000 

                           E( TE3, TE16)        0.000000            0.000000 

                           E( TE3, TE17)        0.000000            0.000000 

                           E( TE3, TE18)        0.000000            0.000000 

                            E( TE4, TE1)        0.000000            0.000000 

                            E( TE4, TE2)        0.000000            0.000000 

                            E( TE4, TE3)        0.000000            0.000000 

                            E( TE4, TE4)        18.00000            0.000000 

                            E( TE4, TE5)        0.000000            0.000000 

                            E( TE4, TE6)        0.000000            0.000000 

                            E( TE4, TE7)        0.000000            0.000000 

                            E( TE4, TE8)        0.000000            0.000000 

                            E( TE4, TE9)        0.000000            0.000000 

                           E( TE4, TE10)        0.000000            0.000000 

                           E( TE4, TE11)        0.000000            0.000000 

                           E( TE4, TE12)        0.000000            0.000000 

                           E( TE4, TE13)        0.000000            0.000000 

                           E( TE4, TE14)        0.000000            0.000000 

                           E( TE4, TE15)        0.000000            0.000000 

                           E( TE4, TE16)        0.000000            0.000000 

                           E( TE4, TE17)        0.000000            0.000000 

                           E( TE4, TE18)        0.000000            0.000000 

                            E( TE5, TE1)        0.000000            0.000000 

                            E( TE5, TE2)        0.000000            0.000000 

                            E( TE5, TE3)        0.000000            0.000000 

                            E( TE5, TE4)        0.000000            0.000000 

                            E( TE5, TE5)        40.00000            0.000000 

                            E( TE5, TE6)        0.000000            0.000000 

                            E( TE5, TE7)        0.000000            0.000000 

                            E( TE5, TE8)        0.000000            0.000000 

                            E( TE5, TE9)        0.000000            0.000000 

                           E( TE5, TE10)        0.000000            0.000000 

                           E( TE5, TE11)        0.000000            0.000000 

                           E( TE5, TE12)        0.000000            0.000000 

                           E( TE5, TE13)        0.000000            0.000000 

                           E( TE5, TE14)        0.000000            0.000000 

                           E( TE5, TE15)        0.000000            0.000000 

                           E( TE5, TE16)        0.000000            0.000000 
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                           E( TE5, TE17)        0.000000            0.000000 

                           E( TE5, TE18)        0.000000            0.000000 

                            E( TE6, TE1)        0.000000            0.000000 

                            E( TE6, TE2)        0.000000            0.000000 

                            E( TE6, TE3)        0.000000            0.000000 

                            E( TE6, TE4)        0.000000            0.000000 

                            E( TE6, TE5)        0.000000            0.000000 

                            E( TE6, TE6)        68.60000            0.000000 

                            E( TE6, TE7)        0.000000            0.000000 

                            E( TE6, TE8)        0.000000            0.000000 

                            E( TE6, TE9)        0.000000            0.000000 

                           E( TE6, TE10)        0.000000            0.000000 

                           E( TE6, TE11)        0.000000            0.000000 

                           E( TE6, TE12)        0.000000            0.000000 

                           E( TE6, TE13)        0.000000            0.000000 

                           E( TE6, TE14)        0.000000            0.000000 

                           E( TE6, TE15)        0.000000            0.000000 

                           E( TE6, TE16)        0.000000            0.000000 

                           E( TE6, TE17)        0.000000            0.000000 

                           E( TE6, TE18)        0.000000            0.000000 

                            E( TE7, TE1)        0.000000            0.000000 

                            E( TE7, TE2)        0.000000            0.000000 

                            E( TE7, TE3)        0.000000            0.000000 

                            E( TE7, TE4)        0.000000            0.000000 

                            E( TE7, TE5)        0.000000            0.000000 

                            E( TE7, TE6)        0.000000            0.000000 

                            E( TE7, TE7)        31.10000            0.000000 

                            E( TE7, TE8)        0.000000            0.000000 

                            E( TE7, TE9)        0.000000            0.000000 

                           E( TE7, TE10)        0.000000            0.000000 

                           E( TE7, TE11)        0.000000            0.000000 

                           E( TE7, TE12)        0.000000            0.000000 

                           E( TE7, TE13)        0.000000            0.000000 

                           E( TE7, TE14)        0.000000            0.000000 

                           E( TE7, TE15)        0.000000            0.000000 

                           E( TE7, TE16)        0.000000            0.000000 

                           E( TE7, TE17)        0.000000            0.000000 

                           E( TE7, TE18)        0.000000            0.000000 

                            E( TE8, TE1)        0.000000            0.000000 

                            E( TE8, TE2)        0.000000            0.000000 

                            E( TE8, TE3)        0.000000            0.000000 

                            E( TE8, TE4)        0.000000            0.000000 

                            E( TE8, TE5)        0.000000            0.000000 

                            E( TE8, TE6)        0.000000            0.000000 

                            E( TE8, TE7)        0.000000            0.000000 

                            E( TE8, TE8)        29.20000            0.000000 

                            E( TE8, TE9)        0.000000            0.000000 

                           E( TE8, TE10)        0.000000            0.000000 

                           E( TE8, TE11)        0.000000            0.000000 

                           E( TE8, TE12)        0.000000            0.000000 

                           E( TE8, TE13)        0.000000            0.000000 

                           E( TE8, TE14)        0.000000            0.000000 

                           E( TE8, TE15)        0.000000            0.000000 

                           E( TE8, TE16)        0.000000            0.000000 

                           E( TE8, TE17)        0.000000            0.000000 

                           E( TE8, TE18)        0.000000            0.000000 

                            E( TE9, TE1)        0.000000            0.000000 

                            E( TE9, TE2)        0.000000            0.000000 

                            E( TE9, TE3)        0.000000            0.000000 

                            E( TE9, TE4)        0.000000            0.000000 

                            E( TE9, TE5)        0.000000            0.000000 

                            E( TE9, TE6)        0.000000            0.000000 

                            E( TE9, TE7)        0.000000            0.000000 

                            E( TE9, TE8)        0.000000            0.000000 

                            E( TE9, TE9)        32.00000            0.000000 

                           E( TE9, TE10)        0.000000            0.000000 

                           E( TE9, TE11)        0.000000            0.000000 

                           E( TE9, TE12)        0.000000            0.000000 
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                           E( TE9, TE13)        0.000000            0.000000 

                           E( TE9, TE14)        0.000000            0.000000 

                           E( TE9, TE15)        0.000000            0.000000 

                           E( TE9, TE16)        0.000000            0.000000 

                           E( TE9, TE17)        0.000000            0.000000 

                           E( TE9, TE18)        0.000000            0.000000 

                           E( TE10, TE1)        0.000000            0.000000 

                           E( TE10, TE2)        0.000000            0.000000 

                           E( TE10, TE3)        0.000000            0.000000 

                           E( TE10, TE4)        0.000000            0.000000 

                           E( TE10, TE5)        0.000000            0.000000 

                           E( TE10, TE6)        0.000000            0.000000 

                           E( TE10, TE7)        0.000000            0.000000 

                           E( TE10, TE8)        0.000000            0.000000 

                           E( TE10, TE9)        0.000000            0.000000 

                          E( TE10, TE10)        0.000000            0.000000 

                          E( TE10, TE11)        0.000000            0.000000 

                          E( TE10, TE12)        0.000000            0.000000 

                          E( TE10, TE13)        0.000000            0.000000 

                          E( TE10, TE14)        0.000000            0.000000 

                          E( TE10, TE15)        0.000000            0.000000 

                          E( TE10, TE16)        0.000000            0.000000 

                          E( TE10, TE17)        0.000000            0.000000 

                          E( TE10, TE18)        0.000000            0.000000 

                           E( TE11, TE1)        0.000000            0.000000 

                           E( TE11, TE2)        0.000000            0.000000 

                           E( TE11, TE3)        0.000000            0.000000 

                           E( TE11, TE4)        0.000000            0.000000 

                           E( TE11, TE5)        0.000000            0.000000 

                           E( TE11, TE6)        0.000000            0.000000 

                           E( TE11, TE7)        0.000000            0.000000 

                           E( TE11, TE8)        0.000000            0.000000 

                           E( TE11, TE9)        0.000000            0.000000 

                          E( TE11, TE10)        0.000000            0.000000 

                          E( TE11, TE11)        35.00000            0.000000 

                          E( TE11, TE12)        0.000000            0.000000 

                          E( TE11, TE13)        0.000000            0.000000 

                          E( TE11, TE14)        0.000000            0.000000 

                          E( TE11, TE15)        0.000000            0.000000 

                          E( TE11, TE16)        0.000000            0.000000 

                          E( TE11, TE17)        0.000000            0.000000 

                          E( TE11, TE18)        0.000000            0.000000 

                           E( TE12, TE1)        0.000000            0.000000 

                           E( TE12, TE2)        0.000000            0.000000 

                           E( TE12, TE3)        0.000000            0.000000 

                           E( TE12, TE4)        0.000000            0.000000 

                           E( TE12, TE5)        0.000000            0.000000 

                           E( TE12, TE6)        0.000000            0.000000 

                           E( TE12, TE7)        0.000000            0.000000 

                           E( TE12, TE8)        0.000000            0.000000 

                           E( TE12, TE9)        0.000000            0.000000 

                          E( TE12, TE10)        0.000000            0.000000 

                          E( TE12, TE11)        0.000000            0.000000 

                          E( TE12, TE12)        50.00000            0.000000 

                          E( TE12, TE13)        0.000000            0.000000 

                          E( TE12, TE14)        0.000000            0.000000 

                          E( TE12, TE15)        0.000000            0.000000 

                          E( TE12, TE16)        0.000000            0.000000 

                          E( TE12, TE17)        0.000000            0.000000 

                          E( TE12, TE18)        0.000000            0.000000 

                           E( TE13, TE1)        0.000000            0.000000 

                           E( TE13, TE2)        0.000000            0.000000 

                           E( TE13, TE3)        0.000000            0.000000 

                           E( TE13, TE4)        0.000000            0.000000 

                           E( TE13, TE5)        0.000000            0.000000 

                           E( TE13, TE6)        0.000000            0.000000 

                           E( TE13, TE7)        0.000000            0.000000 

                           E( TE13, TE8)        0.000000            0.000000 
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                           E( TE13, TE9)        0.000000            0.000000 

                          E( TE13, TE10)        0.000000            0.000000 

                          E( TE13, TE11)        0.000000            0.000000 

                          E( TE13, TE12)        0.000000            0.000000 

                          E( TE13, TE13)        5.520000            0.000000 

                          E( TE13, TE14)        0.000000            0.000000 

                          E( TE13, TE15)        0.000000            0.000000 

                          E( TE13, TE16)        0.000000            0.000000 

                          E( TE13, TE17)        0.000000            0.000000 

                          E( TE13, TE18)        0.000000            0.000000 

                           E( TE14, TE1)        0.000000            0.000000 

                           E( TE14, TE2)        0.000000            0.000000 

                           E( TE14, TE3)        0.000000            0.000000 

                           E( TE14, TE4)        0.000000            0.000000 

                           E( TE14, TE5)        0.000000            0.000000 

                           E( TE14, TE6)        0.000000            0.000000 

                           E( TE14, TE7)        0.000000            0.000000 

                           E( TE14, TE8)        0.000000            0.000000 

                           E( TE14, TE9)        0.000000            0.000000 

                          E( TE14, TE10)        0.000000            0.000000 

                          E( TE14, TE11)        0.000000            0.000000 

                          E( TE14, TE12)        0.000000            0.000000 

                          E( TE14, TE13)        0.000000            0.000000 

                          E( TE14, TE14)        0.000000            0.000000 

                          E( TE14, TE15)        0.000000            0.000000 

                          E( TE14, TE16)        0.000000            0.000000 

                          E( TE14, TE17)        0.000000            0.000000 

                          E( TE14, TE18)        0.000000            0.000000 

                           E( TE15, TE1)        0.000000            0.000000 

                           E( TE15, TE2)        0.000000            0.000000 

                           E( TE15, TE3)        0.000000            0.000000 

                           E( TE15, TE4)        0.000000            0.000000 

                           E( TE15, TE5)        0.000000            0.000000 

                           E( TE15, TE6)        0.000000            0.000000 

                           E( TE15, TE7)        0.000000            0.000000 

                           E( TE15, TE8)        0.000000            0.000000 

                           E( TE15, TE9)        0.000000            0.000000 

                          E( TE15, TE10)        0.000000            0.000000 

                          E( TE15, TE11)        0.000000            0.000000 

                          E( TE15, TE12)        0.000000            0.000000 

                          E( TE15, TE13)        0.000000            0.000000 

                          E( TE15, TE14)        0.000000            0.000000 

                          E( TE15, TE15)        0.000000            0.000000 

                          E( TE15, TE16)        0.000000            0.000000 

                          E( TE15, TE17)        0.000000            0.000000 

                          E( TE15, TE18)        0.000000            0.000000 

                           E( TE16, TE1)        0.000000            0.000000 

                           E( TE16, TE2)        0.000000            0.000000 

                           E( TE16, TE3)        0.000000            0.000000 

                           E( TE16, TE4)        0.000000            0.000000 

                           E( TE16, TE5)        0.000000            0.000000 

                           E( TE16, TE6)        0.000000            0.000000 

                           E( TE16, TE7)        0.000000            0.000000 

                           E( TE16, TE8)        0.000000            0.000000 

                           E( TE16, TE9)        0.000000            0.000000 

                          E( TE16, TE10)        0.000000            0.000000 

                          E( TE16, TE11)        0.000000            0.000000 

                          E( TE16, TE12)        0.000000            0.000000 

                          E( TE16, TE13)        0.000000            0.000000 

                          E( TE16, TE14)        0.000000            0.000000 

                          E( TE16, TE15)        0.000000            0.000000 

                          E( TE16, TE16)        0.000000            0.000000 

                          E( TE16, TE17)        0.000000            0.000000 

                          E( TE16, TE18)        0.000000            0.000000 

                           E( TE17, TE1)        0.000000            0.000000 

                           E( TE17, TE2)        0.000000            0.000000 

                           E( TE17, TE3)        0.000000            0.000000 

                           E( TE17, TE4)        0.000000            0.000000 
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                           E( TE17, TE5)        0.000000            0.000000 

                           E( TE17, TE6)        0.000000            0.000000 

                           E( TE17, TE7)        0.000000            0.000000 

                           E( TE17, TE8)        0.000000            0.000000 

                           E( TE17, TE9)        0.000000            0.000000 

                          E( TE17, TE10)        0.000000            0.000000 

                          E( TE17, TE11)        0.000000            0.000000 

                          E( TE17, TE12)        0.000000            0.000000 

                          E( TE17, TE13)        0.000000            0.000000 

                          E( TE17, TE14)        0.000000            0.000000 

                          E( TE17, TE15)        0.000000            0.000000 

                          E( TE17, TE16)        0.000000            0.000000 

                          E( TE17, TE17)        0.000000            0.000000 

                          E( TE17, TE18)        0.000000            0.000000 

                           E( TE18, TE1)        0.000000            0.000000 

                           E( TE18, TE2)        0.000000            0.000000 

                           E( TE18, TE3)        0.000000            0.000000 

                           E( TE18, TE4)        0.000000            0.000000 

                           E( TE18, TE5)        0.000000            0.000000 

                           E( TE18, TE6)        0.000000            0.000000 

                           E( TE18, TE7)        0.000000            0.000000 

                           E( TE18, TE8)        0.000000            0.000000 

                           E( TE18, TE9)        0.000000            0.000000 

                          E( TE18, TE10)        0.000000            0.000000 

                          E( TE18, TE11)        0.000000            0.000000 

                          E( TE18, TE12)        0.000000            0.000000 

                          E( TE18, TE13)        0.000000            0.000000 

                          E( TE18, TE14)        0.000000            0.000000 

                          E( TE18, TE15)        0.000000            0.000000 

                          E( TE18, TE16)        0.000000            0.000000 

                          E( TE18, TE17)        0.000000            0.000000 

                          E( TE18, TE18)        0.000000            0.000000 

                           CC( TE1, TE1)        1200000.            0.000000 

                           CC( TE1, TE2)        0.000000            0.000000 

                           CC( TE1, TE3)        0.000000            0.000000 

                           CC( TE1, TE4)        0.000000            0.000000 

                           CC( TE1, TE5)        0.000000            0.000000 

                           CC( TE1, TE6)        0.000000            0.000000 

                           CC( TE1, TE7)        0.000000            0.000000 

                           CC( TE1, TE8)        0.000000            0.000000 

                           CC( TE1, TE9)        0.000000            0.000000 

                          CC( TE1, TE10)        0.000000            0.000000 

                          CC( TE1, TE11)        0.000000            0.000000 

                          CC( TE1, TE12)        0.000000            0.000000 

                          CC( TE1, TE13)        0.000000            0.000000 

                          CC( TE1, TE14)        0.000000            0.000000 

                          CC( TE1, TE15)        0.000000            0.000000 

                          CC( TE1, TE16)        0.000000            0.000000 

                          CC( TE1, TE17)        0.000000            0.000000 

                          CC( TE1, TE18)        0.000000            0.000000 

                           CC( TE2, TE1)        0.000000            0.000000 

                           CC( TE2, TE2)        225000.0            0.000000 

                           CC( TE2, TE3)        0.000000            0.000000 

                           CC( TE2, TE4)        0.000000            0.000000 

                           CC( TE2, TE5)        0.000000            0.000000 

                           CC( TE2, TE6)        0.000000            0.000000 

                           CC( TE2, TE7)        0.000000            0.000000 

                           CC( TE2, TE8)        0.000000            0.000000 

                           CC( TE2, TE9)        0.000000            0.000000 

                          CC( TE2, TE10)        0.000000            0.000000 

                          CC( TE2, TE11)        0.000000            0.000000 

                          CC( TE2, TE12)        0.000000            0.000000 

                          CC( TE2, TE13)        0.000000            0.000000 

                          CC( TE2, TE14)        0.000000            0.000000 

                          CC( TE2, TE15)        0.000000            0.000000 

                          CC( TE2, TE16)        0.000000            0.000000 

                          CC( TE2, TE17)        0.000000            0.000000 

                          CC( TE2, TE18)        0.000000            0.000000 
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                           CC( TE3, TE1)        0.000000            0.000000 

                           CC( TE3, TE2)        0.000000            0.000000 

                           CC( TE3, TE3)        120000.0            0.000000 

                           CC( TE3, TE4)        0.000000            0.000000 

                           CC( TE3, TE5)        0.000000            0.000000 

                           CC( TE3, TE6)        0.000000            0.000000 

                           CC( TE3, TE7)        0.000000            0.000000 

                           CC( TE3, TE8)        0.000000            0.000000 

                           CC( TE3, TE9)        0.000000            0.000000 

                          CC( TE3, TE10)        0.000000            0.000000 

                          CC( TE3, TE11)        0.000000            0.000000 

                          CC( TE3, TE12)        0.000000            0.000000 

                          CC( TE3, TE13)        0.000000            0.000000 

                          CC( TE3, TE14)        0.000000            0.000000 

                          CC( TE3, TE15)        0.000000            0.000000 

                          CC( TE3, TE16)        0.000000            0.000000 

                          CC( TE3, TE17)        0.000000            0.000000 

                          CC( TE3, TE18)        0.000000            0.000000 

                           CC( TE4, TE1)        0.000000            0.000000 

                           CC( TE4, TE2)        0.000000            0.000000 

                           CC( TE4, TE3)        0.000000            0.000000 

                           CC( TE4, TE4)        150000.0            0.000000 

                           CC( TE4, TE5)        0.000000            0.000000 

                           CC( TE4, TE6)        0.000000            0.000000 

                           CC( TE4, TE7)        0.000000            0.000000 

                           CC( TE4, TE8)        0.000000            0.000000 

                           CC( TE4, TE9)        0.000000            0.000000 

                          CC( TE4, TE10)        0.000000            0.000000 

                          CC( TE4, TE11)        0.000000            0.000000 

                          CC( TE4, TE12)        0.000000            0.000000 

                          CC( TE4, TE13)        0.000000            0.000000 

                          CC( TE4, TE14)        0.000000            0.000000 

                          CC( TE4, TE15)        0.000000            0.000000 

                          CC( TE4, TE16)        0.000000            0.000000 

                          CC( TE4, TE17)        0.000000            0.000000 

                          CC( TE4, TE18)        0.000000            0.000000 

                           CC( TE5, TE1)        0.000000            0.000000 

                           CC( TE5, TE2)        0.000000            0.000000 

                           CC( TE5, TE3)        0.000000            0.000000 

                           CC( TE5, TE4)        0.000000            0.000000 

                           CC( TE5, TE5)        180000.0            0.000000 

                           CC( TE5, TE6)        0.000000            0.000000 

                           CC( TE5, TE7)        0.000000            0.000000 

                           CC( TE5, TE8)        0.000000            0.000000 

                           CC( TE5, TE9)        0.000000            0.000000 

                          CC( TE5, TE10)        0.000000            0.000000 

                          CC( TE5, TE11)        0.000000            0.000000 

                          CC( TE5, TE12)        0.000000            0.000000 

                          CC( TE5, TE13)        0.000000            0.000000 

                          CC( TE5, TE14)        0.000000            0.000000 

                          CC( TE5, TE15)        0.000000            0.000000 

                          CC( TE5, TE16)        0.000000            0.000000 

                          CC( TE5, TE17)        0.000000            0.000000 

                          CC( TE5, TE18)        0.000000            0.000000 

                           CC( TE6, TE1)        0.000000            0.000000 

                           CC( TE6, TE2)        0.000000            0.000000 

                           CC( TE6, TE3)        0.000000            0.000000 

                           CC( TE6, TE4)        0.000000            0.000000 

                           CC( TE6, TE5)        0.000000            0.000000 

                           CC( TE6, TE6)        250000.0            0.000000 

                           CC( TE6, TE7)        0.000000            0.000000 

                           CC( TE6, TE8)        0.000000            0.000000 

                           CC( TE6, TE9)        0.000000            0.000000 

                          CC( TE6, TE10)        0.000000            0.000000 

                          CC( TE6, TE11)        0.000000            0.000000 

                          CC( TE6, TE12)        0.000000            0.000000 

                          CC( TE6, TE13)        0.000000            0.000000 

                          CC( TE6, TE14)        0.000000            0.000000 
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                          CC( TE6, TE15)        0.000000            0.000000 

                          CC( TE6, TE16)        0.000000            0.000000 

                          CC( TE6, TE17)        0.000000            0.000000 

                          CC( TE6, TE18)        0.000000            0.000000 

                           CC( TE7, TE1)        0.000000            0.000000 

                           CC( TE7, TE2)        0.000000            0.000000 

                           CC( TE7, TE3)        0.000000            0.000000 

                           CC( TE7, TE4)        0.000000            0.000000 

                           CC( TE7, TE5)        0.000000            0.000000 

                           CC( TE7, TE6)        0.000000            0.000000 

                           CC( TE7, TE7)        180000.0            0.000000 

                           CC( TE7, TE8)        0.000000            0.000000 

                           CC( TE7, TE9)        0.000000            0.000000 

                          CC( TE7, TE10)        0.000000            0.000000 

                          CC( TE7, TE11)        0.000000            0.000000 

                          CC( TE7, TE12)        0.000000            0.000000 

                          CC( TE7, TE13)        0.000000            0.000000 

                          CC( TE7, TE14)        0.000000            0.000000 

                          CC( TE7, TE15)        0.000000            0.000000 

                          CC( TE7, TE16)        0.000000            0.000000 

                          CC( TE7, TE17)        0.000000            0.000000 

                          CC( TE7, TE18)        0.000000            0.000000 

                           CC( TE8, TE1)        0.000000            0.000000 

                           CC( TE8, TE2)        0.000000            0.000000 

                           CC( TE8, TE3)        0.000000            0.000000 

                           CC( TE8, TE4)        0.000000            0.000000 

                           CC( TE8, TE5)        0.000000            0.000000 

                           CC( TE8, TE6)        0.000000            0.000000 

                           CC( TE8, TE7)        0.000000            0.000000 

                           CC( TE8, TE8)        250000.0            0.000000 

                           CC( TE8, TE9)        0.000000            0.000000 

                          CC( TE8, TE10)        0.000000            0.000000 

                          CC( TE8, TE11)        0.000000            0.000000 

                          CC( TE8, TE12)        0.000000            0.000000 

                          CC( TE8, TE13)        0.000000            0.000000 

                          CC( TE8, TE14)        0.000000            0.000000 

                          CC( TE8, TE15)        0.000000            0.000000 

                          CC( TE8, TE16)        0.000000            0.000000 

                          CC( TE8, TE17)        0.000000            0.000000 

                          CC( TE8, TE18)        0.000000            0.000000 

                           CC( TE9, TE1)        0.000000            0.000000 

                           CC( TE9, TE2)        0.000000            0.000000 

                           CC( TE9, TE3)        0.000000            0.000000 

                           CC( TE9, TE4)        0.000000            0.000000 

                           CC( TE9, TE5)        0.000000            0.000000 

                           CC( TE9, TE6)        0.000000            0.000000 

                           CC( TE9, TE7)        0.000000            0.000000 

                           CC( TE9, TE8)        0.000000            0.000000 

                           CC( TE9, TE9)        150000.0            0.000000 

                          CC( TE9, TE10)        0.000000            0.000000 

                          CC( TE9, TE11)        0.000000            0.000000 

                          CC( TE9, TE12)        0.000000            0.000000 

                          CC( TE9, TE13)        0.000000            0.000000 

                          CC( TE9, TE14)        0.000000            0.000000 

                          CC( TE9, TE15)        0.000000            0.000000 

                          CC( TE9, TE16)        0.000000            0.000000 

                          CC( TE9, TE17)        0.000000            0.000000 

                          CC( TE9, TE18)        0.000000            0.000000 

                          CC( TE10, TE1)        0.000000            0.000000 

                          CC( TE10, TE2)        0.000000            0.000000 

                          CC( TE10, TE3)        0.000000            0.000000 

                          CC( TE10, TE4)        0.000000            0.000000 

                          CC( TE10, TE5)        0.000000            0.000000 

                          CC( TE10, TE6)        0.000000            0.000000 

                          CC( TE10, TE7)        0.000000            0.000000 

                          CC( TE10, TE8)        0.000000            0.000000 

                          CC( TE10, TE9)        0.000000            0.000000 

                         CC( TE10, TE10)        0.000000            0.000000 
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                         CC( TE10, TE11)        0.000000            0.000000 

                         CC( TE10, TE12)        0.000000            0.000000 

                         CC( TE10, TE13)        0.000000            0.000000 

                         CC( TE10, TE14)        0.000000            0.000000 

                         CC( TE10, TE15)        0.000000            0.000000 

                         CC( TE10, TE16)        0.000000            0.000000 

                         CC( TE10, TE17)        0.000000            0.000000 

                         CC( TE10, TE18)        0.000000            0.000000 

                          CC( TE11, TE1)        0.000000            0.000000 

                          CC( TE11, TE2)        0.000000            0.000000 

                          CC( TE11, TE3)        0.000000            0.000000 

                          CC( TE11, TE4)        0.000000            0.000000 

                          CC( TE11, TE5)        0.000000            0.000000 

                          CC( TE11, TE6)        0.000000            0.000000 

                          CC( TE11, TE7)        0.000000            0.000000 

                          CC( TE11, TE8)        0.000000            0.000000 

                          CC( TE11, TE9)        0.000000            0.000000 

                         CC( TE11, TE10)        0.000000            0.000000 

                         CC( TE11, TE11)        390000.0            0.000000 

                         CC( TE11, TE12)        0.000000            0.000000 

                         CC( TE11, TE13)        0.000000            0.000000 

                         CC( TE11, TE14)        0.000000            0.000000 

                         CC( TE11, TE15)        0.000000            0.000000 

                         CC( TE11, TE16)        0.000000            0.000000 

                         CC( TE11, TE17)        0.000000            0.000000 

                         CC( TE11, TE18)        0.000000            0.000000 

                          CC( TE12, TE1)        0.000000            0.000000 

                          CC( TE12, TE2)        0.000000            0.000000 

                          CC( TE12, TE3)        0.000000            0.000000 

                          CC( TE12, TE4)        0.000000            0.000000 

                          CC( TE12, TE5)        0.000000            0.000000 

                          CC( TE12, TE6)        0.000000            0.000000 

                          CC( TE12, TE7)        0.000000            0.000000 

                          CC( TE12, TE8)        0.000000            0.000000 

                          CC( TE12, TE9)        0.000000            0.000000 

                         CC( TE12, TE10)        0.000000            0.000000 

                         CC( TE12, TE11)        0.000000            0.000000 

                         CC( TE12, TE12)        300000.0            0.000000 

                         CC( TE12, TE13)        0.000000            0.000000 

                         CC( TE12, TE14)        0.000000            0.000000 

                         CC( TE12, TE15)        0.000000            0.000000 

                         CC( TE12, TE16)        0.000000            0.000000 

                         CC( TE12, TE17)        0.000000            0.000000 

                         CC( TE12, TE18)        0.000000            0.000000 

                          CC( TE13, TE1)        0.000000            0.000000 

                          CC( TE13, TE2)        0.000000            0.000000 

                          CC( TE13, TE3)        0.000000            0.000000 

                          CC( TE13, TE4)        0.000000            0.000000 

                          CC( TE13, TE5)        0.000000            0.000000 

                          CC( TE13, TE6)        0.000000            0.000000 

                          CC( TE13, TE7)        0.000000            0.000000 

                          CC( TE13, TE8)        0.000000            0.000000 

                          CC( TE13, TE9)        0.000000            0.000000 

                         CC( TE13, TE10)        0.000000            0.000000 

                         CC( TE13, TE11)        0.000000            0.000000 

                         CC( TE13, TE12)        0.000000            0.000000 

                         CC( TE13, TE13)        25000.00            0.000000 

                         CC( TE13, TE14)        0.000000            0.000000 

                         CC( TE13, TE15)        0.000000            0.000000 

                         CC( TE13, TE16)        0.000000            0.000000 

                         CC( TE13, TE17)        0.000000            0.000000 

                         CC( TE13, TE18)        0.000000            0.000000 

                          CC( TE14, TE1)        0.000000            0.000000 

                          CC( TE14, TE2)        0.000000            0.000000 

                          CC( TE14, TE3)        0.000000            0.000000 

                          CC( TE14, TE4)        0.000000            0.000000 

                          CC( TE14, TE5)        0.000000            0.000000 

                          CC( TE14, TE6)        0.000000            0.000000 
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                          CC( TE14, TE7)        0.000000            0.000000 

                          CC( TE14, TE8)        0.000000            0.000000 

                          CC( TE14, TE9)        0.000000            0.000000 

                         CC( TE14, TE10)        0.000000            0.000000 

                         CC( TE14, TE11)        0.000000            0.000000 

                         CC( TE14, TE12)        0.000000            0.000000 

                         CC( TE14, TE13)        0.000000            0.000000 

                         CC( TE14, TE14)        0.000000            0.000000 

                         CC( TE14, TE15)        0.000000            0.000000 

                         CC( TE14, TE16)        0.000000            0.000000 

                         CC( TE14, TE17)        0.000000            0.000000 

                         CC( TE14, TE18)        0.000000            0.000000 

                          CC( TE15, TE1)        0.000000            0.000000 

                          CC( TE15, TE2)        0.000000            0.000000 

                          CC( TE15, TE3)        0.000000            0.000000 

                          CC( TE15, TE4)        0.000000            0.000000 

                          CC( TE15, TE5)        0.000000            0.000000 

                          CC( TE15, TE6)        0.000000            0.000000 

                          CC( TE15, TE7)        0.000000            0.000000 

                          CC( TE15, TE8)        0.000000            0.000000 

                          CC( TE15, TE9)        0.000000            0.000000 

                         CC( TE15, TE10)        0.000000            0.000000 

                         CC( TE15, TE11)        0.000000            0.000000 

                         CC( TE15, TE12)        0.000000            0.000000 

                         CC( TE15, TE13)        0.000000            0.000000 

                         CC( TE15, TE14)        0.000000            0.000000 

                         CC( TE15, TE15)        0.000000            0.000000 

                         CC( TE15, TE16)        0.000000            0.000000 

                         CC( TE15, TE17)        0.000000            0.000000 

                         CC( TE15, TE18)        0.000000            0.000000 

                          CC( TE16, TE1)        0.000000            0.000000 

                          CC( TE16, TE2)        0.000000            0.000000 

                          CC( TE16, TE3)        0.000000            0.000000 

                          CC( TE16, TE4)        0.000000            0.000000 

                          CC( TE16, TE5)        0.000000            0.000000 

                          CC( TE16, TE6)        0.000000            0.000000 

                          CC( TE16, TE7)        0.000000            0.000000 

                          CC( TE16, TE8)        0.000000            0.000000 

                          CC( TE16, TE9)        0.000000            0.000000 

                         CC( TE16, TE10)        0.000000            0.000000 

                         CC( TE16, TE11)        0.000000            0.000000 

                         CC( TE16, TE12)        0.000000            0.000000 

                         CC( TE16, TE13)        0.000000            0.000000 

                         CC( TE16, TE14)        0.000000            0.000000 

                         CC( TE16, TE15)        0.000000            0.000000 

                         CC( TE16, TE16)        2000000.            0.000000 

                         CC( TE16, TE17)        0.000000            0.000000 

                         CC( TE16, TE18)        0.000000            0.000000 

                          CC( TE17, TE1)        0.000000            0.000000 

                          CC( TE17, TE2)        0.000000            0.000000 

                          CC( TE17, TE3)        0.000000            0.000000 

                          CC( TE17, TE4)        0.000000            0.000000 

                          CC( TE17, TE5)        0.000000            0.000000 

                          CC( TE17, TE6)        0.000000            0.000000 

                          CC( TE17, TE7)        0.000000            0.000000 

                          CC( TE17, TE8)        0.000000            0.000000 

                          CC( TE17, TE9)        0.000000            0.000000 

                         CC( TE17, TE10)        0.000000            0.000000 

                         CC( TE17, TE11)        0.000000            0.000000 

                         CC( TE17, TE12)        0.000000            0.000000 

                         CC( TE17, TE13)        0.000000            0.000000 

                         CC( TE17, TE14)        0.000000            0.000000 

                         CC( TE17, TE15)        0.000000            0.000000 

                         CC( TE17, TE16)        0.000000            0.000000 

                         CC( TE17, TE17)        830000.0            0.000000 

                         CC( TE17, TE18)        0.000000            0.000000 

                          CC( TE18, TE1)        0.000000            0.000000 

                          CC( TE18, TE2)        0.000000            0.000000 
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                          CC( TE18, TE3)        0.000000            0.000000 

                          CC( TE18, TE4)        0.000000            0.000000 

                          CC( TE18, TE5)        0.000000            0.000000 

                          CC( TE18, TE6)        0.000000            0.000000 

                          CC( TE18, TE7)        0.000000            0.000000 

                          CC( TE18, TE8)        0.000000            0.000000 

                          CC( TE18, TE9)        0.000000            0.000000 

                         CC( TE18, TE10)        0.000000            0.000000 

                         CC( TE18, TE11)        0.000000            0.000000 

                         CC( TE18, TE12)        0.000000            0.000000 

                         CC( TE18, TE13)        0.000000            0.000000 

                         CC( TE18, TE14)        0.000000            0.000000 

                         CC( TE18, TE15)        0.000000            0.000000 

                         CC( TE18, TE16)        0.000000            0.000000 

                         CC( TE18, TE17)        0.000000            0.000000 

                         CC( TE18, TE18)        610000.0            0.000000 

                           OC( TE1, TE1)        180000.0            0.000000 

                           OC( TE1, TE2)        0.000000            0.000000 

                           OC( TE1, TE3)        0.000000            0.000000 

                           OC( TE1, TE4)        0.000000            0.000000 

                           OC( TE1, TE5)        0.000000            0.000000 

                           OC( TE1, TE6)        0.000000            0.000000 

                           OC( TE1, TE7)        0.000000            0.000000 

                           OC( TE1, TE8)        0.000000            0.000000 

                           OC( TE1, TE9)        0.000000            0.000000 

                          OC( TE1, TE10)        0.000000            0.000000 

                          OC( TE1, TE11)        0.000000            0.000000 

                          OC( TE1, TE12)        0.000000            0.000000 

                          OC( TE1, TE13)        0.000000            0.000000 

                          OC( TE1, TE14)        0.000000            0.000000 

                          OC( TE1, TE15)        0.000000            0.000000 

                          OC( TE1, TE16)        0.000000            0.000000 

                          OC( TE1, TE17)        0.000000            0.000000 

                          OC( TE1, TE18)        0.000000            0.000000 

                           OC( TE2, TE1)        0.000000            0.000000 

                           OC( TE2, TE2)        33750.00            0.000000 

                           OC( TE2, TE3)        0.000000            0.000000 

                           OC( TE2, TE4)        0.000000            0.000000 

                           OC( TE2, TE5)        0.000000            0.000000 

                           OC( TE2, TE6)        0.000000            0.000000 

                           OC( TE2, TE7)        0.000000            0.000000 

                           OC( TE2, TE8)        0.000000            0.000000 

                           OC( TE2, TE9)        0.000000            0.000000 

                          OC( TE2, TE10)        0.000000            0.000000 

                          OC( TE2, TE11)        0.000000            0.000000 

                          OC( TE2, TE12)        0.000000            0.000000 

                          OC( TE2, TE13)        0.000000            0.000000 

                          OC( TE2, TE14)        0.000000            0.000000 

                          OC( TE2, TE15)        0.000000            0.000000 

                          OC( TE2, TE16)        0.000000            0.000000 

                          OC( TE2, TE17)        0.000000            0.000000 

                          OC( TE2, TE18)        0.000000            0.000000 

                           OC( TE3, TE1)        0.000000            0.000000 

                           OC( TE3, TE2)        0.000000            0.000000 

                           OC( TE3, TE3)        20000.00            0.000000 

                           OC( TE3, TE4)        0.000000            0.000000 

                           OC( TE3, TE5)        0.000000            0.000000 

                           OC( TE3, TE6)        0.000000            0.000000 

                           OC( TE3, TE7)        0.000000            0.000000 

                           OC( TE3, TE8)        0.000000            0.000000 

                           OC( TE3, TE9)        0.000000            0.000000 

                          OC( TE3, TE10)        0.000000            0.000000 

                          OC( TE3, TE11)        0.000000            0.000000 

                          OC( TE3, TE12)        0.000000            0.000000 

                          OC( TE3, TE13)        0.000000            0.000000 

                          OC( TE3, TE14)        0.000000            0.000000 

                          OC( TE3, TE15)        0.000000            0.000000 

                          OC( TE3, TE16)        0.000000            0.000000 
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                          OC( TE3, TE17)        0.000000            0.000000 

                          OC( TE3, TE18)        0.000000            0.000000 

                           OC( TE4, TE1)        0.000000            0.000000 

                           OC( TE4, TE2)        0.000000            0.000000 

                           OC( TE4, TE3)        0.000000            0.000000 

                           OC( TE4, TE4)        15000.00            0.000000 

                           OC( TE4, TE5)        0.000000            0.000000 

                           OC( TE4, TE6)        0.000000            0.000000 

                           OC( TE4, TE7)        0.000000            0.000000 

                           OC( TE4, TE8)        0.000000            0.000000 

                           OC( TE4, TE9)        0.000000            0.000000 

                          OC( TE4, TE10)        0.000000            0.000000 

                          OC( TE4, TE11)        0.000000            0.000000 

                          OC( TE4, TE12)        0.000000            0.000000 

                          OC( TE4, TE13)        0.000000            0.000000 

                          OC( TE4, TE14)        0.000000            0.000000 

                          OC( TE4, TE15)        0.000000            0.000000 

                          OC( TE4, TE16)        0.000000            0.000000 

                          OC( TE4, TE17)        0.000000            0.000000 

                          OC( TE4, TE18)        0.000000            0.000000 

                           OC( TE5, TE1)        0.000000            0.000000 

                           OC( TE5, TE2)        0.000000            0.000000 

                           OC( TE5, TE3)        0.000000            0.000000 

                           OC( TE5, TE4)        0.000000            0.000000 

                           OC( TE5, TE5)        36000.00            0.000000 

                           OC( TE5, TE6)        0.000000            0.000000 

                           OC( TE5, TE7)        0.000000            0.000000 

                           OC( TE5, TE8)        0.000000            0.000000 

                           OC( TE5, TE9)        0.000000            0.000000 

                          OC( TE5, TE10)        0.000000            0.000000 

                          OC( TE5, TE11)        0.000000            0.000000 

                          OC( TE5, TE12)        0.000000            0.000000 

                          OC( TE5, TE13)        0.000000            0.000000 

                          OC( TE5, TE14)        0.000000            0.000000 

                          OC( TE5, TE15)        0.000000            0.000000 

                          OC( TE5, TE16)        0.000000            0.000000 

                          OC( TE5, TE17)        0.000000            0.000000 

                          OC( TE5, TE18)        0.000000            0.000000 

                           OC( TE6, TE1)        0.000000            0.000000 

                           OC( TE6, TE2)        0.000000            0.000000 

                           OC( TE6, TE3)        0.000000            0.000000 

                           OC( TE6, TE4)        0.000000            0.000000 

                           OC( TE6, TE5)        0.000000            0.000000 

                           OC( TE6, TE6)        25000.00            0.000000 

                           OC( TE6, TE7)        0.000000            0.000000 

                           OC( TE6, TE8)        0.000000            0.000000 

                           OC( TE6, TE9)        0.000000            0.000000 

                          OC( TE6, TE10)        0.000000            0.000000 

                          OC( TE6, TE11)        0.000000            0.000000 

                          OC( TE6, TE12)        0.000000            0.000000 

                          OC( TE6, TE13)        0.000000            0.000000 

                          OC( TE6, TE14)        0.000000            0.000000 

                          OC( TE6, TE15)        0.000000            0.000000 

                          OC( TE6, TE16)        0.000000            0.000000 

                          OC( TE6, TE17)        0.000000            0.000000 

                          OC( TE6, TE18)        0.000000            0.000000 

                           OC( TE7, TE1)        0.000000            0.000000 

                           OC( TE7, TE2)        0.000000            0.000000 

                           OC( TE7, TE3)        0.000000            0.000000 

                           OC( TE7, TE4)        0.000000            0.000000 

                           OC( TE7, TE5)        0.000000            0.000000 

                           OC( TE7, TE6)        0.000000            0.000000 

                           OC( TE7, TE7)        36000.00            0.000000 

                           OC( TE7, TE8)        0.000000            0.000000 

                           OC( TE7, TE9)        0.000000            0.000000 

                          OC( TE7, TE10)        0.000000            0.000000 

                          OC( TE7, TE11)        0.000000            0.000000 

                          OC( TE7, TE12)        0.000000            0.000000 
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                          OC( TE7, TE13)        0.000000            0.000000 

                          OC( TE7, TE14)        0.000000            0.000000 

                          OC( TE7, TE15)        0.000000            0.000000 

                          OC( TE7, TE16)        0.000000            0.000000 

                          OC( TE7, TE17)        0.000000            0.000000 

                          OC( TE7, TE18)        0.000000            0.000000 

                           OC( TE8, TE1)        0.000000            0.000000 

                           OC( TE8, TE2)        0.000000            0.000000 

                           OC( TE8, TE3)        0.000000            0.000000 

                           OC( TE8, TE4)        0.000000            0.000000 

                           OC( TE8, TE5)        0.000000            0.000000 

                           OC( TE8, TE6)        0.000000            0.000000 

                           OC( TE8, TE7)        0.000000            0.000000 

                           OC( TE8, TE8)        13000.00            0.000000 

                           OC( TE8, TE9)        0.000000            0.000000 

                          OC( TE8, TE10)        0.000000            0.000000 

                          OC( TE8, TE11)        0.000000            0.000000 

                          OC( TE8, TE12)        0.000000            0.000000 

                          OC( TE8, TE13)        0.000000            0.000000 

                          OC( TE8, TE14)        0.000000            0.000000 

                          OC( TE8, TE15)        0.000000            0.000000 

                          OC( TE8, TE16)        0.000000            0.000000 

                          OC( TE8, TE17)        0.000000            0.000000 

                          OC( TE8, TE18)        0.000000            0.000000 

                           OC( TE9, TE1)        0.000000            0.000000 

                           OC( TE9, TE2)        0.000000            0.000000 

                           OC( TE9, TE3)        0.000000            0.000000 

                           OC( TE9, TE4)        0.000000            0.000000 

                           OC( TE9, TE5)        0.000000            0.000000 

                           OC( TE9, TE6)        0.000000            0.000000 

                           OC( TE9, TE7)        0.000000            0.000000 

                           OC( TE9, TE8)        0.000000            0.000000 

                           OC( TE9, TE9)        15000.00            0.000000 

                          OC( TE9, TE10)        0.000000            0.000000 

                          OC( TE9, TE11)        0.000000            0.000000 

                          OC( TE9, TE12)        0.000000            0.000000 

                          OC( TE9, TE13)        0.000000            0.000000 

                          OC( TE9, TE14)        0.000000            0.000000 

                          OC( TE9, TE15)        0.000000            0.000000 

                          OC( TE9, TE16)        0.000000            0.000000 

                          OC( TE9, TE17)        0.000000            0.000000 

                          OC( TE9, TE18)        0.000000            0.000000 

                          OC( TE10, TE1)        0.000000            0.000000 

                          OC( TE10, TE2)        0.000000            0.000000 

                          OC( TE10, TE3)        0.000000            0.000000 

                          OC( TE10, TE4)        0.000000            0.000000 

                          OC( TE10, TE5)        0.000000            0.000000 

                          OC( TE10, TE6)        0.000000            0.000000 

                          OC( TE10, TE7)        0.000000            0.000000 

                          OC( TE10, TE8)        0.000000            0.000000 

                          OC( TE10, TE9)        0.000000            0.000000 

                         OC( TE10, TE10)        0.000000            0.000000 

                         OC( TE10, TE11)        0.000000            0.000000 

                         OC( TE10, TE12)        0.000000            0.000000 

                         OC( TE10, TE13)        0.000000            0.000000 

                         OC( TE10, TE14)        0.000000            0.000000 

                         OC( TE10, TE15)        0.000000            0.000000 

                         OC( TE10, TE16)        0.000000            0.000000 

                         OC( TE10, TE17)        0.000000            0.000000 

                         OC( TE10, TE18)        0.000000            0.000000 

                          OC( TE11, TE1)        0.000000            0.000000 

                          OC( TE11, TE2)        0.000000            0.000000 

                          OC( TE11, TE3)        0.000000            0.000000 

                          OC( TE11, TE4)        0.000000            0.000000 

                          OC( TE11, TE5)        0.000000            0.000000 

                          OC( TE11, TE6)        0.000000            0.000000 

                          OC( TE11, TE7)        0.000000            0.000000 

                          OC( TE11, TE8)        0.000000            0.000000 
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                          OC( TE11, TE9)        0.000000            0.000000 

                         OC( TE11, TE10)        0.000000            0.000000 

                         OC( TE11, TE11)        55000.00            0.000000 

                         OC( TE11, TE12)        0.000000            0.000000 

                         OC( TE11, TE13)        0.000000            0.000000 

                         OC( TE11, TE14)        0.000000            0.000000 

                         OC( TE11, TE15)        0.000000            0.000000 

                         OC( TE11, TE16)        0.000000            0.000000 

                         OC( TE11, TE17)        0.000000            0.000000 

                         OC( TE11, TE18)        0.000000            0.000000 

                          OC( TE12, TE1)        0.000000            0.000000 

                          OC( TE12, TE2)        0.000000            0.000000 

                          OC( TE12, TE3)        0.000000            0.000000 

                          OC( TE12, TE4)        0.000000            0.000000 

                          OC( TE12, TE5)        0.000000            0.000000 

                          OC( TE12, TE6)        0.000000            0.000000 

                          OC( TE12, TE7)        0.000000            0.000000 

                          OC( TE12, TE8)        0.000000            0.000000 

                          OC( TE12, TE9)        0.000000            0.000000 

                         OC( TE12, TE10)        0.000000            0.000000 

                         OC( TE12, TE11)        0.000000            0.000000 

                         OC( TE12, TE12)        35000.00            0.000000 

                         OC( TE12, TE13)        0.000000            0.000000 

                         OC( TE12, TE14)        0.000000            0.000000 

                         OC( TE12, TE15)        0.000000            0.000000 

                         OC( TE12, TE16)        0.000000            0.000000 

                         OC( TE12, TE17)        0.000000            0.000000 

                         OC( TE12, TE18)        0.000000            0.000000 

                          OC( TE13, TE1)        0.000000            0.000000 

                          OC( TE13, TE2)        0.000000            0.000000 

                          OC( TE13, TE3)        0.000000            0.000000 

                          OC( TE13, TE4)        0.000000            0.000000 

                          OC( TE13, TE5)        0.000000            0.000000 

                          OC( TE13, TE6)        0.000000            0.000000 

                          OC( TE13, TE7)        0.000000            0.000000 

                          OC( TE13, TE8)        0.000000            0.000000 

                          OC( TE13, TE9)        0.000000            0.000000 

                         OC( TE13, TE10)        0.000000            0.000000 

                         OC( TE13, TE11)        0.000000            0.000000 

                         OC( TE13, TE12)        0.000000            0.000000 

                         OC( TE13, TE13)        2500.000            0.000000 

                         OC( TE13, TE14)        0.000000            0.000000 

                         OC( TE13, TE15)        0.000000            0.000000 

                         OC( TE13, TE16)        0.000000            0.000000 

                         OC( TE13, TE17)        0.000000            0.000000 

                         OC( TE13, TE18)        0.000000            0.000000 

                          OC( TE14, TE1)        0.000000            0.000000 

                          OC( TE14, TE2)        0.000000            0.000000 

                          OC( TE14, TE3)        0.000000            0.000000 

                          OC( TE14, TE4)        0.000000            0.000000 

                          OC( TE14, TE5)        0.000000            0.000000 

                          OC( TE14, TE6)        0.000000            0.000000 

                          OC( TE14, TE7)        0.000000            0.000000 

                          OC( TE14, TE8)        0.000000            0.000000 

                          OC( TE14, TE9)        0.000000            0.000000 

                         OC( TE14, TE10)        0.000000            0.000000 

                         OC( TE14, TE11)        0.000000            0.000000 

                         OC( TE14, TE12)        0.000000            0.000000 

                         OC( TE14, TE13)        0.000000            0.000000 

                         OC( TE14, TE14)        0.000000            0.000000 

                         OC( TE14, TE15)        0.000000            0.000000 

                         OC( TE14, TE16)        0.000000            0.000000 

                         OC( TE14, TE17)        0.000000            0.000000 

                         OC( TE14, TE18)        0.000000            0.000000 

                          OC( TE15, TE1)        0.000000            0.000000 

                          OC( TE15, TE2)        0.000000            0.000000 

                          OC( TE15, TE3)        0.000000            0.000000 

                          OC( TE15, TE4)        0.000000            0.000000 
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                          OC( TE15, TE5)        0.000000            0.000000 

                          OC( TE15, TE6)        0.000000            0.000000 

                          OC( TE15, TE7)        0.000000            0.000000 

                          OC( TE15, TE8)        0.000000            0.000000 

                          OC( TE15, TE9)        0.000000            0.000000 

                         OC( TE15, TE10)        0.000000            0.000000 

                         OC( TE15, TE11)        0.000000            0.000000 

                         OC( TE15, TE12)        0.000000            0.000000 

                         OC( TE15, TE13)        0.000000            0.000000 

                         OC( TE15, TE14)        0.000000            0.000000 

                         OC( TE15, TE15)        0.000000            0.000000 

                         OC( TE15, TE16)        0.000000            0.000000 

                         OC( TE15, TE17)        0.000000            0.000000 

                         OC( TE15, TE18)        0.000000            0.000000 

                          OC( TE16, TE1)        0.000000            0.000000 

                          OC( TE16, TE2)        0.000000            0.000000 

                          OC( TE16, TE3)        0.000000            0.000000 

                          OC( TE16, TE4)        0.000000            0.000000 

                          OC( TE16, TE5)        0.000000            0.000000 

                          OC( TE16, TE6)        0.000000            0.000000 

                          OC( TE16, TE7)        0.000000            0.000000 

                          OC( TE16, TE8)        0.000000            0.000000 

                          OC( TE16, TE9)        0.000000            0.000000 

                         OC( TE16, TE10)        0.000000            0.000000 

                         OC( TE16, TE11)        0.000000            0.000000 

                         OC( TE16, TE12)        0.000000            0.000000 

                         OC( TE16, TE13)        0.000000            0.000000 

                         OC( TE16, TE14)        0.000000            0.000000 

                         OC( TE16, TE15)        0.000000            0.000000 

                         OC( TE16, TE16)        80000.00            0.000000 

                         OC( TE16, TE17)        0.000000            0.000000 

                         OC( TE16, TE18)        0.000000            0.000000 

                          OC( TE17, TE1)        0.000000            0.000000 

                          OC( TE17, TE2)        0.000000            0.000000 

                          OC( TE17, TE3)        0.000000            0.000000 

                          OC( TE17, TE4)        0.000000            0.000000 

                          OC( TE17, TE5)        0.000000            0.000000 

                          OC( TE17, TE6)        0.000000            0.000000 

                          OC( TE17, TE7)        0.000000            0.000000 

                          OC( TE17, TE8)        0.000000            0.000000 

                          OC( TE17, TE9)        0.000000            0.000000 

                         OC( TE17, TE10)        0.000000            0.000000 

                         OC( TE17, TE11)        0.000000            0.000000 

                         OC( TE17, TE12)        0.000000            0.000000 

                         OC( TE17, TE13)        0.000000            0.000000 

                         OC( TE17, TE14)        0.000000            0.000000 

                         OC( TE17, TE15)        0.000000            0.000000 

                         OC( TE17, TE16)        0.000000            0.000000 

                         OC( TE17, TE17)        16600.00            0.000000 

                         OC( TE17, TE18)        0.000000            0.000000 

                          OC( TE18, TE1)        0.000000            0.000000 

                          OC( TE18, TE2)        0.000000            0.000000 

                          OC( TE18, TE3)        0.000000            0.000000 

                          OC( TE18, TE4)        0.000000            0.000000 

                          OC( TE18, TE5)        0.000000            0.000000 

                          OC( TE18, TE6)        0.000000            0.000000 

                          OC( TE18, TE7)        0.000000            0.000000 

                          OC( TE18, TE8)        0.000000            0.000000 

                          OC( TE18, TE9)        0.000000            0.000000 

                         OC( TE18, TE10)        0.000000            0.000000 

                         OC( TE18, TE11)        0.000000            0.000000 

                         OC( TE18, TE12)        0.000000            0.000000 

                         OC( TE18, TE13)        0.000000            0.000000 

                         OC( TE18, TE14)        0.000000            0.000000 

                         OC( TE18, TE15)        0.000000            0.000000 

                         OC( TE18, TE16)        0.000000            0.000000 

                         OC( TE18, TE17)        0.000000            0.000000 

                         OC( TE18, TE18)        12200.00            0.000000 
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A.2.4. Chapter 6 

A.2.4.1. Scenario 1 (Lingo Codes) 

!OBJECTIVE FUNCTION; 

MAX = EP_BIOGASTOT; 

 

BIOGAS = 8 * 0.668/0.99 * (0.417 * LL_PCH4TOT + 0.333 * MM_PCH4TOT + 0.25 * HH_PCH4TOT);

      !T/Y; 

E_SELL = (0.417 * LL_E_SELL  + 0.333 * MM_E_SELL  + 0.25 * HH_E_SELL);  

      !KW; 

 

GP = GP_BIOGASTOT + 50430.6 * CER; !US$/Y; 

@FREE(GP); 

 

!ECONOMIC POTENTIAL (EP) IN US$/Y CALCULATIONS; 

EP_BIOGASTOT = GP - (HH_CAPEX_BIOGAS * 0.09634229); 

@FREE(EP_BIOGASTOT); 

 

GP_BIOGASTOT =(LL_GP_BIOGAS * 0.417) + (MM_GP_BIOGAS * 0.333) + (HH_GP_BIOGAS * 0.25); 

@FREE(GP_BIOGASTOT); 

 

!ECONOMIC POTENTIAL (EP) IN US$/Y BREAKDOWN CALCULATIONS; 

LL_EP_BIOGAS = LL_GP_BIOGAS - (LL_CAPEX_BIOGAS * 0.09634229);  @FREE(LL_EP_BIOGAS); 

MM_EP_BIOGAS = MM_GP_BIOGAS - (MM_CAPEX_BIOGAS * 0.09634229);  @FREE(MM_EP_BIOGAS); 

HH_EP_BIOGAS = HH_GP_BIOGAS - (HH_CAPEX_BIOGAS * 0.09634229);  @FREE(HH_EP_BIOGAS); 

 

!PRODUCTS SELLING PRICE; 

ENERGY_PRICE     = 0.003355 ;  !US$/MJ(FIXED); 

BIOMETHANE_PRICE = 0.005813 ;  !US$/MJ(FIXED); 

LIQCO2_PRICE     = 0        ;  !US$/KG(FIXED); 

E_PRICE          = 0.0796   ;  !US$/KW(FIXED) ; 

MPS_PRICE        = 0.017    ;  !US$/KG(FIXED); 

LPS_PRICE        = 0.012    ;  !US$/KG(FIXED); 

BFW_PRICE        = 1.16     ;  !US$/T (FIXED); 

SLUDGE_PRICE     = 2        ;  !US$/T (FIXED); 

CER       = 0        ;  !US$/T  

 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 

!WASTEWATER AND BIOGAS SECTION; 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 

 

!RAW MATERIALS INPUT; 

LL_POMETOT    = 31255; 

MM_POMETOT    = 41669; 

HH_POMETOT    = 59036; 

 

LL_OILCONTENT = 383  ; 

MM_OILCONTENT = 511  ; 

HH_OILCONTENT = 723  ; 

 

!XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX; 

!LOW SEASON; 

!XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX; 

 

!TO LINEARISE THE FEED INPUT ACROSS THE YEAR (T/H); 

LL_POME_POM * 1000 = 0.54375 * LL_POMETOT  ; 

LL_WW              = 0.75    * LL_WS_BIOGAS; 

 

LL_OILCONTENT_POME * 1000 = 0.54375 * LL_OILCONTENT; !IN T/H; 
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!---------------------------------------------------------------------------------; 

!OIL RECOVERY PIT (ORP); 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_ORPUNIT); 

 

LL_ORPUNIT * 800 >= (1.5 * 24 * LL_POME_POM); !RETENTION TIME=1.5DAYS; 

 

LL_CC_ORP  =  25000 * LL_ORPUNIT; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_ORP = 2500 * LL_ORPUNIT; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_ORP  = 3 * LL_ORPUNIT; 

 

!CONVERSION; 

LL_RO_ORP * 0.7 = 0.556 * LL_OILCONTENT_POME; !RO=RECOVERED OIL; 

LL_PTPOME       = LL_POME_POM - LL_RO_ORP   ; !PTPOME=PRETREATED POME; 

 

!OIL CONTENT; 

LL_OILCONTENT_RO_ORP    = 0.556 * LL_OILCONTENT_POME; 

 

LL_OILCONTENT_PTPOME    = LL_OILCONTENT_POME - LL_OILCONTENT_RO_ORP; 

 

!---------------------------------------------------------------------------------; 

!COOLING POND; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_CPUNIT); 

 

LL_CPUNIT * 2400 >= 72 * LL_PTPOME;  !RETENTION TIME=3DAYS; 

 

LL_CC_CP  =  50000 * LL_CPUNIT; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_CP = 5000 * LL_CPUNIT; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_CP  = 6 * LL_CPUNIT; 

 

!CONVERSION; 

LL_CPOME  = LL_PTPOME; 

 

!---------------------------------------------------------------------------------; 

!ANAEROBIC DIGESTION; 

 

!FEED SPLITTING; 

LL_CPOME = LL_CPOME_CL + LL_CPOME_AMB + LL_CPOME_UASB + LL_CPOME_EGSBR + 

LL_CPOME_UASFF + LL_CPOME_CSTR; 

 

LL_CPOME_AMB   = LL_CPOME_AMB_1   + LL_CPOME_AMB_2  ; 

LL_CPOME_UASB  = LL_CPOME_UASB_1  + LL_CPOME_UASB_2 ; 

LL_CPOME_EGSBR = LL_CPOME_EGSBR_1 + LL_CPOME_EGSBR_2; 

LL_CPOME_UASFF = LL_CPOME_UASFF_1 + LL_CPOME_UASFF_2; 

LL_CPOME_CSTR  = LL_CPOME_CSTR_1  + LL_CPOME_CSTR_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_CLUNIT);  @GIN(LL_CLARUNIT);  @GIN(LL_AMBUNIT_1); 

@GIN(LL_UASBUNIT_1); @GIN(LL_EGSBRUNIT_1); @GIN(LL_UASFFUNIT_1); 

@GIN(LL_CSTRUNIT_1); @GIN(LL_AMBUNIT_2);  @GIN(LL_UASBUNIT_2); 

@GIN(LL_EGSBRUNIT_2); @GIN(LL_UASFFUNIT_2); @GIN(LL_CSTRUNIT_2); 

 

LL_CLUNIT      * 5408 >= 40   * 24 *  LL_CPOME_CL                 ; 

LL_AMBUNIT_1   * 2300 >= 20.6 * 24 *  LL_CPOME_AMB_1              ; 

LL_AMBUNIT_2   * 5130 >= 20.6 * 24 *  LL_CPOME_AMB_2              ; 

LL_UASBUNIT_1  * 2300 >= 4    * 24 *  LL_CPOME_UASB_1             ; 

LL_UASBUNIT_2  * 5130 >= 4    * 24 *  LL_CPOME_UASB_2             ; 
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LL_EGSBRUNIT_1 * 2300 >= 9.8  * 24 *  LL_CPOME_EGSBR_1            ; 

LL_EGSBRUNIT_2 * 5130 >= 9.8  * 24 *  LL_CPOME_EGSBR_2            ; 

LL_UASFFUNIT_1 * 2300 >= 3    * 24 *  LL_CPOME_UASFF_1            ; 

LL_UASFFUNIT_2 * 5130 >= 3    * 24 *  LL_CPOME_UASFF_2            ; 

LL_CSTRUNIT_1  * 2300 >= 18   * 24 *  LL_CPOME_CSTR_1             ; 

LL_CSTRUNIT_2  * 5130 >= 18   * 24 *  LL_CPOME_CSTR_2             ; 

LL_CLARUNIT    * 2300 >= 1.2  * 24 * (LL_CPOME_CL + LL_CPOME_CSTR); 

 

LL_CC_CL    = 150000 * LL_CLUNIT + 130000 * LL_CLARUNIT        ; 

LL_CC_AMB   = 400000 * LL_AMBUNIT_1   + 715000 * LL_AMBUNIT_2  ; 

LL_CC_UASB  = 330000 * LL_UASBUNIT_1  + 615000 * LL_UASBUNIT_2 ; 

LL_CC_EGSBR = 400000 * LL_EGSBRUNIT_1 + 770000 * LL_EGSBRUNIT_2; 

LL_CC_UASFF = 460000 * LL_UASFFUNIT_1 + 900000 * LL_UASFFUNIT_2; 

LL_CC_CSTR  = 360000 * LL_CSTRUNIT_1  + 665000 * LL_CSTRUNIT_2  + 130000 * LL_CLARUNIT; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_CL    = 25600 * LL_CLUNIT   + 6500 * LL_CLARUNIT; 

LL_OC_AMB   = 0.08  * LL_CC_AMB                       ; 

LL_OC_UASB  = 0.08  * LL_CC_UASB                      ; 

LL_OC_EGSBR = 0.08  * LL_CC_EGSBR + 150  * 0.3  * (2300 * LL_EGSBRUNIT_1 + 5130 * 

LL_EGSBRUNIT_2); 

LL_OC_UASFF = 0.08  * LL_CC_UASFF + 250  * 0.3  * (2300 * LL_UASFFUNIT_1 + 5130 * 

LL_UASFFUNIT_2); 

LL_OC_CSTR  = 0.08  * LL_CC_CSTR  + 6500 * LL_CLARUNIT; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_CL    = 28 *  LL_CLUNIT                        + 6 * LL_CLARUNIT; 

LL_E_AMB   = 32 * (LL_AMBUNIT_1   + LL_AMBUNIT_2  )                  ; 

LL_E_UASB  = 16 * (LL_UASBUNIT_1  + LL_UASBUNIT_2 )                  ; 

LL_E_EGSBR = 24 * (LL_EGSBRUNIT_1 + LL_EGSBRUNIT_2)                  ; 

LL_E_UASFF = 24 * (LL_UASFFUNIT_1 + LL_UASFFUNIT_2)                  ; 

LL_E_CSTR  = 41 * (LL_CSTRUNIT_1  + LL_CSTRUNIT_2 ) + 6 * LL_CLARUNIT; 

 

!CONVERSION (M3/H); 

LL_RAWCH4_CL    = 0.238 * 0.978  * 74 * LL_CPOME_CL    ; 

LL_RAWCH4_AMB   = 0.29  * 0.9737 * 74 * LL_CPOME_AMB   ; 

LL_RAWCH4_UASB  = 0.24  * 0.984  * 74 * LL_CPOME_UASB  ; 

LL_RAWCH4_EGSBR = 0.266 * 0.9489 * 74 * LL_CPOME_EGSBR ; 

LL_RAWCH4_UASFF = 0.325 * 0.986  * 74 * LL_CPOME_UASFF ; 

LL_RAWCH4_CSTR  = 0.17  * 0.8    * 74 * LL_CPOME_CSTR  ; 

 

LL_RAWCH4       = LL_RAWCH4_CL + LL_RAWCH4_AMB + LL_RAWCH4_UASB + LL_RAWCH4_EGSBR + 

LL_RAWCH4_UASFF + LL_RAWCH4_CSTR; 

 

LL_RAWCO2_CL    = 0.456/ 0.544 * LL_RAWCH4_CL   ; 

LL_RAWCO2_AMB   = 0.297/ 0.703 * LL_RAWCH4_AMB  ; 

LL_RAWCO2_UASB  = 0.458/ 0.542 * LL_RAWCH4_UASB ; 

LL_RAWCO2_EGSBR = 0.325/ 0.675 * LL_RAWCH4_EGSBR; 

LL_RAWCO2_UASFF = 0.281/ 0.719 * LL_RAWCH4_UASFF; 

LL_RAWCO2_CSTR  = 0.375/ 0.625 * LL_RAWCH4_CSTR ; 

 

LL_RAWCO2       = LL_RAWCO2_CL + LL_RAWCO2_AMB + LL_RAWCO2_UASB + LL_RAWCO2_EGSBR + 

LL_RAWCO2_UASFF + LL_RAWCO2_CSTR; 

 

LL_RAWBG        = LL_RAWCH4 + LL_RAWCO2; 

 

LL_WS_AN  = 0.014 * LL_CPOME; !IN T/H; 

 

LL_ANPOME = LL_CPOME - (0.000668 * LL_RAWCH4) - (0.0018421 * LL_RAWCO2) - LL_WS_AN; 

 

!---------------------------------------------------------------------------------; 

!H2S REMOVAL TECHNOLOGY; 

 

!FEED SPLITTING; 

LL_RAWCH4 = LL_RAWCH4_HPWS + LL_RAWCH4_ACBF + LL_RAWCH4_MOBF + LL_RAWCH4_BRS; 

LL_RAWBG  = LL_RAWBG_HPWS  + LL_RAWBG_ACBF  + LL_RAWBG_MOBF  + LL_RAWBG_BRS ; 

 

LL_RAWCH4_HPWS = LL_RAWBG_HPWS * 0.719; 
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LL_RAWCH4_ACBF = LL_RAWBG_ACBF * 0.719; 

LL_RAWCH4_MOBF = LL_RAWBG_MOBF * 0.719; 

LL_RAWCH4_BRS  = LL_RAWBG_BRS  * 0.719; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_HPWSUNIT);  !HPWS=HIGH PRESSURE WATER SCRUBBING; 

@GIN(LL_ACBFUNIT);  !ACBF=ACTIVATED CARBON BED FILTER; 

@GIN(LL_MOBFUNIT);   !MOBF=METAL OXIDE BED FILTER; 

@GIN(LL_BRSUNIT) ;  !BRS=BIOLOGICAL H2S REMOVAL SYSTEM; 

 

LL_HPWSUNIT * 600  >= LL_RAWBG_HPWS; 

LL_ACBFUNIT * 1200 >= LL_RAWBG_ACBF; 

LL_MOBFUNIT * 600  >= LL_RAWBG_MOBF; 

LL_BRSUNIT  * 300  >= LL_RAWBG_BRS ; 

 

LL_CC_HPWS = 800000 * LL_HPWSUNIT; 

LL_CC_ACBF = 350000 * LL_ACBFunit; 

LL_CC_MOBF = 400000 * LL_MOBFunit; 

LL_CC_BRS  = 200000 * LL_BRSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_HPWS = 0.10 * LL_CC_HPWS                             ; 

LL_OC_ACBF = 0.20 * LL_CC_ACBF + 8000 * 1.8 * LL_RAWBG_ACBF; 

LL_OC_MOBF = 0.05 * LL_CC_MOBF + 8000 * 2.5 * LL_RAWBG_MOBF; 

LL_OC_BRS  = 0.12 * LL_CC_BRS                              ; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_HPWS = 57  * LL_HPWSunit; 

LL_E_ACBF = 1.8 * LL_ACBFunit; 

LL_E_MOBF = 17  * LL_MOBFunit; 

LL_E_BRS  = 12  * LL_BRSunit ; 

 

!CONVERSION; 

LL_PTCH4_HPWS = 0.99  * LL_RAWCH4_HPWS; 

LL_PTCH4_ACBF = 0.985 * LL_RAWCH4_ACBF; 

LL_PTCH4_MOBF = 0.981 * LL_RAWCH4_MOBF; 

LL_PTCH4_BRS  = 0.97  * LL_RAWCH4_BRS ; 

 

LL_PTCH4 = LL_PTCH4_HPWS + LL_PTCH4_ACBF + LL_PTCH4_MOBF + LL_PTCH4_BRS; 

 

LL_PTBG_HPWS * 0.98  = LL_PTCH4_HPWS         ; 

LL_PTBG_ACBF         = LL_RAWBG_ACBF         ; 

LL_PTBG_MOBF         = LL_RAWBG_MOBF         ; 

LL_PTBG_BRS  * 0.719 = LL_PTCH4_BRS  * 1.081 ; 

 

LL_PTBG = LL_PTBG_HPWS + LL_PTBG_ACBF + LL_PTBG_MOBF + LL_PTBG_BRS; 

 

!---------------------------------------------------------------------------------; 

!UPGRADING COMPRESSOR; 

 

!FEED SPLITTING; 

LL_PTCH4 = LL_PTCH4_COMPBG + LL_PTCH4_CHP + LL_PTCH4_SELL; 

LL_PTBG  = LL_COMPBG       + LL_PTBG_CHP  + LL_PTBG_SELL ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_COMPunit); !COMP=UPGRADING COMPRESSOR; 

 

LL_COMPunit * 0.665 * 1000 >= LL_PTCH4_COMPBG; 

 

LL_CC_COMP  = 210000 * LL_COMPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_COMP = 10000 * LL_COMPunit;   

 

!ELECTRICITY CONSUMPTION; 

LL_E_COMP = 0.174 * 0.665 * LL_PTCH4_COMPBG; !CHECK ON HYSYS AGAIN; 

 

!---------------------------------------------------------------------------------; 
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!BIOGAS PURIFICATION TECHNOLOGY; 

 

!FEED SPLITTING; 

LL_COMPBG       = LL_COMPBG_PSA + LL_COMPBG_AA + LL_COMPBG_GM + LL_COMPBG_CS; 

LL_PTCH4_COMPBG = LL_PTCH4_PSA  + LL_PTCH4_AA  + LL_PTCH4_GM  + LL_PTCH4_CS ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_PSAunit);  !PSA = PRESSURE SWING ADSORPTION;  

@GIN(LL_AAunit);  !AA  = AMINE ABSORPTION; 

@GIN(LL_GMunit);  !GM  = GAS MEMBRANE;  

@GIN(LL_CSunit);  !CS  = CRYOGENIC SEPARATION; 

 

LL_PSAunit * 0.665 * 1000 >= LL_PTCH4_PSA;  

LL_AAunit  * 0.665 * 1000 >= LL_PTCH4_AA ; 

LL_GMunit  * 0.665 * 1000 >= LL_PTCH4_GM ; 

LL_CSunit  * 0.665 * 1000 >= LL_PTCH4_CS ; 

 

LL_CC_PSA  = 200000 * LL_PSAunit; 

LL_CC_AA   = 130000 * LL_AAunit ; 

LL_CC_GM   = 160000 * LL_GMunit ; 

LL_CC_CS   = 500000 * LL_CSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_PSA  = 0.10 * LL_CC_PSA; 

LL_OC_AA   = 0.15 * LL_CC_AA ; 

LL_OC_GM   = 0.08 * LL_CC_GM ; 

LL_OC_CS   = 0.06 * LL_CC_CS ; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_PSA  = 45 * LL_PSAunit; 

LL_E_AA   = 21 * LL_AAunit ; 

LL_E_GM   = 5  * LL_GMunit ; 

LL_E_CS   = 78 * LL_CSunit ;  

 

!CONVERSION; 

LL_PCH4_PSA = 0.98  * LL_PTCH4_PSA;  !M3/H; 

LL_PCH4_AA  = 0.97  * LL_PTCH4_AA ; 

LL_PCH4_GM  = 0.985 * LL_PTCH4_GM ; 

LL_PCH4_CS  = 0.999 * LL_PTCH4_CS ; 

 

LL_PCH4tot  = LL_PCH4_PSA + LL_PCH4_AA + LL_PCH4_GM + LL_PCH4_CS; 

 

LL_PBG_PSA * 0.98  = LL_PCH4_PSA; 

LL_PBG_AA  * 0.98  = LL_PCH4_AA ; 

LL_PBG_GM  * 0.99  = LL_PCH4_GM ; 

LL_PBG_CS  * 0.999 = LL_PCH4_CS ; 

 

LL_PBGtot   = LL_PBG_PSA + LL_PBG_AA + LL_PBG_GM + LL_PBG_CS; 

 

LL_LIQCO2 * 1.8421 = (LL_COMPBG_CS - LL_PBG_CS); !KG/H; 

 

!---------------------------------------------------------------------------------; 

!STORAGE COMPRESSOR; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_COMPRESSunit); !COMPRESS=STORAGE COMPRESSOR; 

 

LL_COMPRESSunit * 800 >= LL_PBGtot; 

 

LL_CC_COMPRESS  =  250000 * LL_COMPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_COMPRESS = 10000 * LL_COMPRESSunit;   

 

!ELECTRICITY CONSUMPTION; 

LL_E_COMPRESS = 0.234 * LL_PBGtot; 

 

!CONVERSION; 
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LL_CBG = LL_PBGtot;     !M3/H; 

LL_CBG_LHV = 50 * 0.668 * LL_PCH4tot;  !MJ/H; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 1; 

@GIN(LL_GEunit); @GIN(LL_GTunit);  @GIN(LL_FTBunit); @GIN(LL_WTBunit);  

 

!FEED SPLITTING; 

LL_PTBG_CHP  = LL_PTBG_GE  + LL_PTBG_GT  + LL_PTBG_FTB  + LL_PTBG_WTB ; 

LL_PTCH4_CHP = LL_PTCH4_GE + LL_PTCH4_GT + LL_PTCH4_FTB + LL_PTCH4_WTB; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

LL_GEunit  * 1000  >= LL_Egen_GE   ; 

LL_GTunit  * 1000  >= LL_Egen_GT   ; 

LL_FTBunit * 40000 >= LL_MPSgen_FTB; 

LL_WTBunit * 10000 >= LL_HPSgen_WTB; 

 

LL_CC_GE  = 315000  * LL_GEunit ; 

LL_CC_GT  = 1550000 * LL_GTunit ; 

LL_CC_FTB = 3500000 * LL_FTBunit; 

LL_CC_WTB = 1500000 * LL_WTBunit; 

 

!OPERATING COST, OC (US$/Y); 

LL_OC_GE  = 0.08 * LL_CC_GE ; 

LL_OC_GT  = 0.05 * LL_CC_GT ; 

LL_OC_FTB = 0.04 * LL_CC_FTB; 

LL_OC_WTB = 0.04 * LL_CC_WTB; 

 

!CONVERSION; 

LL_Egen_GE    = 0.4  * 35.8 * 0.2778 * LL_PTCH4_GE ; 

LL_Egen_GT    = 0.33 * 35.8 * 0.2778 * LL_PTCH4_GT ; 

LL_HOTAIR   = 0.6  * 35.8 * 1.4167 * LL_PTCH4_GE   + 0.67 * 35.8 * 1.4167 * LL_PTCH4_GT; 

LL_MPSgen_FTB = 0.5  * 35.8 * 0.3991 * LL_PTCH4_FTB; 

LL_HPSgen_WTB = 0.5  * 35.8 * 0.3882 * LL_PTCH4_WTB; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 2; 

@GIN(LL_HRSGunit); @GIN(LL_ST1unit); @GIN(LL_ST2unit); 

 

!FEED SPLITTING; 

LL_HOTAIR     = LL_HOTAIR_HRSG1   + LL_HOTAIR_HRSG2   + LL_HOTAIR_SELL; 

LL_MPSgen_FTB = LL_MPSgen_FTB_ST2 + LL_MPSgen_FTB_SELL                ; 

LL_MPSgen_ST1 = LL_MPSgen_ST1_ST2 + LL_MPSgen_ST1_SELL                ; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

LL_HRSGunit * 36000 >= LL_HOTAIR_HRSG1 + LL_HOTAIR_HRSG2; 

LL_ST1unit  * 1000  >= LL_Egen_ST1                      ; 

LL_ST2unit  * 500   >= LL_Egen_ST2                      ; 

 

LL_CC_HRSG = 750000 * LL_HRSGunit                      ; 

LL_CC_ST   = 830000 * LL_ST1unit  + 610000 * LL_ST2unit; 

 

!OPERATING COST, OC (US$/Y); 

LL_OC_HRSG = 0.06 * LL_CC_HRSG; 

LL_OC_ST   = 0.02 * LL_CC_ST  ; 

 

!CONVERSION; 

LL_Egen_HRSG = 0.0272 * LL_HOTAIR_HRSG1; 

 

LL_Egen_ST1 = 0.0136 *  LL_HPSgen_WTB   ; 

LL_Egen_ST2 = 0.0317 * (LL_MPSgen_ST1_ST2 + LL_MPSgen_FTB_ST2); 

LL_Egen_ST  = LL_Egen_ST1 + LL_Egen_ST2 ; 

 

LL_LPSgen_HRSG = 0.0544 * LL_HOTAIR_HRSG1; 

LL_LPSgen_ST2  = LL_MPSgen_ST1_ST2       ; 

 

LL_MPSgen_HRSG = 0.0544 * LL_HOTAIR_HRSG2; 

LL_MPSgen_ST1  = LL_HPSgen_WTB           ; 
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!---------------------------------------------------------------------------------; 

!AEROBIC DIGESTION; 

 

LL_ANPOMEtot = LL_ANPOME + LL_WW; 

 

!FEED SPLITTING; 

LL_ANPOMEtot = LL_ANPOME_ALS + LL_ANPOME_AeMB + LL_ANPOME_SBR + LL_ANPOME_EAS; 

 

LL_ANPOME_AeMB = LL_ANPOME_AeMB_1 + LL_ANPOME_AeMB_2; 

LL_ANPOME_SBR  = LL_ANPOME_SBR_1  + LL_ANPOME_SBR_2 ; 

LL_ANPOME_EAS  = LL_ANPOME_EAS_1  + LL_ANPOME_EAS_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_ALSunit)   ; !ALS=AEROBIC LAGOON SYSTEM; 

@GIN(LL_AeMBunit_1);  

@GIN(LL_AeMBunit_2); !AeMB=AEROBIC MEMBRANE BIOREACTOR; 

@GIN(LL_SBRunit_1) ;  

@GIN(LL_SBRunit_2) ; !SBR=SEQUENCING BATCH REACTOR; 

@GIN(LL_EASunit_1) ;  

@GIN(LL_EASunit_2) ; !EAS=EXTENDED AERATION SYSTEM; 

@GIN(LL_A_CLARunit); !CLARIFIER UNIT FOR AEROBIC DIGESTION; 

 

LL_ALSunit    * 5408 >= 31  * 24 *  LL_ANPOME_ALS                 ; 

LL_AeMBunit_1 * 2300 >= 13  * 24 *  LL_ANPOME_AeMB_1              ; 

LL_AeMBunit_2 * 5130 >= 13  * 24 *  LL_ANPOME_AeMB_2              ; 

LL_SBRunit_1  * 2300 >= 1   * 24 *  LL_ANPOME_SBR_1               ; 

LL_SBRunit_2  * 5130 >= 1   * 24 *  LL_ANPOME_SBR_2               ; 

LL_EASunit_1  * 2300 >= 6.5 * 24 *  LL_ANPOME_EAS_1               ; 

LL_EASunit_2  * 5130 >= 6.5 * 24 *  LL_ANPOME_EAS_2               ; 

LL_A_CLARunit * 2300 >= 1.2 * 24 * (LL_ANPOME_ALS + LL_ANPOME_EAS); 

 

LL_CC_ALS    =      140000 * LL_ALSunit                            ; 

LL_CC_AeMB   =      400000 * LL_AeMBunit_1 + 715000 * LL_AeMBunit_2; 

LL_CC_SBR    = 4 * (270000 * LL_SBRunit_1  + 550000 * LL_SBRunit_2); 

LL_CC_EAS    =      230000 * LL_EASunit_1  + 400000 * LL_EASunit_2 ;  

LL_CC_A_CLAR =      130000 * LL_A_CLARunit                         ; 

 

!OPERATING COST;  

LL_OC_ALS    = 23200 * LL_ALSunit  ; 

LL_OC_AeMB   = 0.08  * LL_CC_AeMB  ; 

LL_OC_SBR    = 0.05  * LL_CC_SBR   ; 

LL_OC_EAS    = 0.05  * LL_CC_EAS   ;  

LL_OC_A_CLAR = 6500  * LL_A_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_ALS    = 22 *  LL_ALSunit                    ; 

LL_E_AeMB   = 32 * (LL_AeMBunit_1 + LL_AeMBunit_2); 

LL_E_SBR    = 27 * (LL_SBRunit_1  + LL_SBRunit_2 ); 

LL_E_EAS    = 30 * (LL_EASunit_1  + LL_EASunit_2 ); 

LL_E_A_CLAR = 6  *  LL_A_CLARunit                 ; 

 

!CONVERSION; 

LL_APOME_ALS  = 0.9116 * LL_ANPOME_ALS  ;   !IN T/H; 

LL_APOME_AeMB = 0.9032 * LL_ANPOME_AeMB ; 

LL_APOME_SBR  = 0.9137 * LL_ANPOME_SBR  ; 

LL_APOME_EAS  = 0.9087 * LL_ANPOME_EAS  ; 

 

LL_APOMEtot   = LL_APOME_ALS + LL_APOME_AeMB + LL_APOME_SBR + LL_APOME_EAS; 

  

LL_WS_ALS     = 0.0884 * LL_ANPOME_ALS  ; 

LL_WS_AeMB    = 0.0969 * LL_ANPOME_AeMB ; 

LL_WS_SBR     = 0.0863 * LL_ANPOME_SBR  ; 

LL_WS_EAS     = 0.0913 * LL_ANPOME_EAS  ; 

 

LL_WS_A       = LL_WS_ALS + LL_WS_AeMB + LL_WS_SBR + LL_WS_EAS; 

 

!---------------------------------------------------------------------------------; 
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!AEROBICALLY TREATED POME (APOME) TREATMENT; 

 

!FEED SPLITTING; 

LL_APOMEtot = LL_APOME_PT + LL_APOME_ECS; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_PTunit);   !PT=PHYSIOCHEMICAL TREATMENT; 

@GIN(LL_ECSunit);  !ECS=ELECTRO-COAGULATION SYSTEM; 

 

LL_PTunit  * 30 >= LL_APOME_PT ; 

LL_ECSunit * 30 >= LL_APOME_ECS; 

 

LL_CC_PT  = 100000 * LL_PTunit ; 

LL_CC_ECS = 200000 * LL_ECSunit;  

 

!OPERATING COST;  

LL_OC_PT  = 0.05 * LL_CC_PT                               ; 

LL_OC_ECS = 0.05 * LL_CC_ECS + 0.515 * 8000 * LL_APOME_ECS;  

 

!ELECTRICITY CONSUMPTION; 

LL_E_PT   = 13   * LL_PTunit   ; 

LL_E_ECS  = 7.05 * LL_APOME_ECS; 

 

!CONVERSION; 

LL_TW_PT   = 0.95   * LL_APOME_PT ;  !TW=TREATED WATER; 

LL_CDP_ECS = 0.9481 * LL_APOME_ECS;  !BFW=BOILER FEED WATER; 

 

!---------------------------------------------------------------------------------; 

!TOTAL CAPITAL COST (CAPEX); 

LL_CAPEX_BIOGAS = LL_CC_ORP + LL_CC_CP + LL_CC_CL + LL_CC_AMB  + LL_CC_UASB + 

LL_CC_EGSBR + LL_CC_UASFF + LL_CC_CSTR + LL_CC_HPWS + LL_CC_ACBF + LL_CC_MOBF + 

LL_CC_BRS + LL_CC_COMP + LL_CC_PSA + LL_CC_AA + LL_CC_GM + LL_CC_CS + LL_CC_COMPRESS 

+ LL_CC_ALS + LL_CC_AeMB + LL_CC_SBR + LL_CC_EAS + LL_CC_PT + LL_CC_ECS + LL_CC_GE   

+ LL_CC_GT + LL_CC_FTB + LL_CC_WTB + LL_CC_HRSG + LL_CC_ST + LL_CC_A_CLAR ; 

 

!TOTAL OPERATING COST (OPEX); 

LL_OPEX_BIOGAS = LL_OC_ORP + LL_OC_CP + LL_OC_CL + LL_OC_AMB + LL_OC_UASB + 

LL_OC_EGSBR + LL_OC_UASFF + LL_OC_CSTR + LL_OC_HPWS + LL_OC_ACBF + LL_OC_MOBF + 

LL_OC_BRS + LL_OC_COMP + LL_OC_PSA + LL_OC_AA + LL_OC_GM + LL_OC_CS + LL_OC_COMPRESS 

+ LL_OC_ALS + LL_OC_AeMB + LL_OC_SBR + LL_OC_EAS + LL_OC_PT + LL_OC_ECS + LL_OC_GE + 

LL_OC_GT + LL_OC_FTB + LL_OC_WTB + LL_OC_HRSG + LL_OC_ST + LL_OC_A_CLAR; 

 

!TOTAL UTILITY CONSUMPTION; 

LL_Etot_BIOGAS = LL_E_ORP + LL_E_CP + LL_E_CL + LL_E_AMB + LL_E_UASB + LL_E_EGSBR + 

LL_E_UASFF + LL_E_CSTR + LL_E_HPWS + LL_E_ACBF + LL_E_MOBF + LL_E_BRS + LL_E_COMP + 

LL_E_PSA + LL_E_AA + LL_E_GM + LL_E_CS + LL_E_COMPRESS + LL_E_ALS + LL_E_AeMB + 

LL_E_SBR + LL_E_EAS + LL_E_PT + LL_E_ECS + LL_E_A_CLAR; 

 

!STEAM GENERATED (LPS & MPS); 

LL_LPSgen = LL_LPSgen_HRSG + LL_LPSgen_ST2; 

LL_MPSgen = LL_MPSgen_HRSG + LL_MPSgen_ST1_SELL + LL_MPSgen_FTB_SELL; 

 

LL_BFW = LL_MPSgen + LL_LPSgen; 

 

!ELECTRICITY (KW); 

LL_Egen    = LL_Egen_GE + LL_Egen_GT + LL_Egen_HRSG + LL_Egen_ST; 

LL_E_SELL  = LL_Egen - LL_Etot_BIOGAS; 

 

LL_E_SELL >= 0; 

 

!TOTAL PRODUCTS GENERATED; 

LL_WS_BIOGAS     = LL_WS_AN + LL_WS_A;  !T/H; 

LL_TW_BIOGAS     = LL_TW_PT; 

LL_LIQCO2_BIOGAS = LL_LIQCO2;   !MJ/H; 

 

!GROSS PROFIT (GP) IN US$/Y; 

LL_GP_BIOGAS = 8000 * (LL_CBG_LHV * BIOMETHANE_PRICE + LL_LIQCO2 * LIQCO2_PRICE + 

LL_LPSgen * LPS_PRICE + LL_MPSgen * MPS_PRICE + LL_WS_BIOGAS * SLUDGE_PRICE + 
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LL_BFW_ECS * BFW_PRICE    + LL_E_SELL * E_PRICE   - LL_BFW    * BFW_PRICE + 33.4 * 

LL_PTCH4_SELL * ENERGY_PRICE) - LL_OPEX_BIOGAS; 

 

@FREE(LL_GP_BIOGAS);  !TO ALLOW GP TO BE NEGATIVE VALUE; 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!MEDIUM SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

 

!TO LINEARISE THE FEED INPUT ACROSS THE YEAR (T/H); 

MM_POME_POM * 1000 = 0.54375 * MM_POMEtot  ; 

MM_WW              = 0.75    * MM_WS_BIOGAS; 

 

MM_OILCONTENT_POME * 1000 = 0.54375 * MM_OILCONTENT; !IN T/H; 

 

!---------------------------------------------------------------------------------; 

!OIL RECOVERY PIT (ORP); 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_ORPunit); 

 

MM_ORPunit * 800 >= (1.5 * 24 * MM_POME_POM); !RETENTION TIME=1.5DAYS; 

 

MM_CC_ORP  =  25000 * MM_ORPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_ORP = 2500 * MM_ORPunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_ORP  = 3 * MM_ORPunit; 

 

!CONVERSION; 

MM_RO_ORP * 0.7 = 0.556 * MM_OILCONTENT_POME; !RO=RECOVERED OIL; 

MM_PTPOME       = MM_POME_POM - MM_RO_ORP   ; !PTPOME=PRETREATED POME; 

 

!OIL CONTENT; 

MM_OILCONTENT_RO_ORP    = 0.556 * MM_OILCONTENT_POME; 

 

MM_OILCONTENT_PTPOME    = MM_OILCONTENT_POME - MM_OILCONTENT_RO_ORP; 

 

!---------------------------------------------------------------------------------; 

!COOLING POND; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_CPunit); 

 

MM_CPunit * 2400 >= 72 * MM_PTPOME;  !RETENTION TIME=3DAYS; 

 

MM_CC_CP  =  50000 * MM_CPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_CP = 5000 * MM_CPunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_CP  = 6 * MM_CPunit; 

 

!CONVERSION; 

MM_CPOME  = MM_PTPOME; 

 

!---------------------------------------------------------------------------------; 

!ANAEROBIC DIGESTION; 

 

!FEED SPLITTING; 

MM_CPOME = MM_CPOME_CL + MM_CPOME_AMB + MM_CPOME_UASB + MM_CPOME_EGSBR + 

MM_CPOME_UASFF + MM_CPOME_CSTR; 

 

MM_CPOME_AMB   = MM_CPOME_AMB_1   + MM_CPOME_AMB_2  ; 
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MM_CPOME_UASB  = MM_CPOME_UASB_1  + MM_CPOME_UASB_2 ; 

MM_CPOME_EGSBR = MM_CPOME_EGSBR_1 + MM_CPOME_EGSBR_2; 

MM_CPOME_UASFF = MM_CPOME_UASFF_1 + MM_CPOME_UASFF_2; 

MM_CPOME_CSTR  = MM_CPOME_CSTR_1  + MM_CPOME_CSTR_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_CLunit);  @GIN(MM_CLARunit);  @GIN(MM_AMBunit_1); 

@GIN(MM_UASBunit_1); @GIN(MM_EGSBRunit_1); @GIN(MM_UASFFunit_1); 

@GIN(MM_CSTRunit_1); @GIN(MM_AMBunit_2);  @GIN(MM_UASBunit_2); 

@GIN(MM_EGSBRunit_2); @GIN(MM_UASFFunit_2); @GIN(MM_CSTRunit_2); 

 

MM_CLunit      * 5408 >= 40   * 24 *  MM_CPOME_CL                 ; 

MM_AMBunit_1   * 2300 >= 20.6 * 24 *  MM_CPOME_AMB_1              ; 

MM_AMBunit_2   * 5130 >= 20.6 * 24 *  MM_CPOME_AMB_2              ; 

MM_UASBunit_1  * 2300 >= 4    * 24 *  MM_CPOME_UASB_1             ; 

MM_UASBunit_2  * 5130 >= 4    * 24 *  MM_CPOME_UASB_2             ; 

MM_EGSBRunit_1 * 2300 >= 9.8  * 24 *  MM_CPOME_EGSBR_1            ; 

MM_EGSBRunit_2 * 5130 >= 9.8  * 24 *  MM_CPOME_EGSBR_2            ; 

MM_UASFFunit_1 * 2300 >= 3    * 24 *  MM_CPOME_UASFF_1            ; 

MM_UASFFunit_2 * 5130 >= 3    * 24 *  MM_CPOME_UASFF_2            ; 

MM_CSTRunit_1  * 2300 >= 18   * 24 *  MM_CPOME_CSTR_1             ; 

MM_CSTRunit_2  * 5130 >= 18   * 24 *  MM_CPOME_CSTR_2             ; 

MM_CLARunit    * 2300 >= 1.2  * 24 * (MM_CPOME_CL + MM_CPOME_CSTR); 

 

MM_CC_CL    = 150000 * MM_CLunit + 130000 * MM_CLARunit        ; 

MM_CC_AMB   = 400000 * MM_AMBunit_1   + 715000 * MM_AMBunit_2  ; 

MM_CC_UASB  = 330000 * MM_UASBunit_1  + 615000 * MM_UASBunit_2 ; 

MM_CC_EGSBR = 400000 * MM_EGSBRunit_1 + 770000 * MM_EGSBRunit_2; 

MM_CC_UASFF = 460000 * MM_UASFFunit_1 + 900000 * MM_UASFFunit_2; 

MM_CC_CSTR  = 360000 * MM_CSTRunit_1  + 665000 * MM_CSTRunit_2  + 130000 * MM_CLARunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_CL    = 25600 * MM_CLunit   + 6500 * MM_CLARunit; 

MM_OC_AMB   = 0.08  * MM_CC_AMB                       ; 

MM_OC_UASB  = 0.08  * MM_CC_UASB                      ; 

MM_OC_EGSBR = 0.08  * MM_CC_EGSBR + 150  * 0.3  * (2300 * MM_EGSBRunit_1 + 5130 * 

MM_EGSBRunit_2); 

MM_OC_UASFF = 0.08  * MM_CC_UASFF + 250  * 0.3  * (2300 * MM_UASFFunit_1 + 5130 * 

MM_UASFFunit_2); 

MM_OC_CSTR  = 0.08  * MM_CC_CSTR  + 6500 * MM_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_CL    = 28 *  MM_CLunit                        + 6 * MM_CLARunit; 

MM_E_AMB   = 32 * (MM_AMBunit_1   + MM_AMBunit_2  )                  ; 

MM_E_UASB  = 16 * (MM_UASBunit_1  + MM_UASBunit_2 )                  ; 

MM_E_EGSBR = 24 * (MM_EGSBRunit_1 + MM_EGSBRunit_2)                  ; 

MM_E_UASFF = 24 * (MM_UASFFunit_1 + MM_UASFFunit_2)                  ; 

MM_E_CSTR  = 41 * (MM_CSTRunit_1  + MM_CSTRunit_2 ) + 6 * MM_CLARunit; 

 

!CONVERSION (M3/H); 

MM_RAWCH4_CL    = 0.238 * 0.978  * 74 * MM_CPOME_CL    ; 

MM_RAWCH4_AMB   = 0.29  * 0.9737 * 74 * MM_CPOME_AMB   ; 

MM_RAWCH4_UASB  = 0.24  * 0.984  * 74 * MM_CPOME_UASB  ; 

MM_RAWCH4_EGSBR = 0.266 * 0.9489 * 74 * MM_CPOME_EGSBR ; 

MM_RAWCH4_UASFF = 0.325 * 0.986  * 74 * MM_CPOME_UASFF ; 

MM_RAWCH4_CSTR  = 0.17  * 0.8    * 74 * MM_CPOME_CSTR  ; 

 

MM_RAWCH4       = MM_RAWCH4_CL + MM_RAWCH4_AMB + MM_RAWCH4_UASB + MM_RAWCH4_EGSBR + 

MM_RAWCH4_UASFF + MM_RAWCH4_CSTR; 

 

MM_RAWCO2_CL    = 0.456/ 0.544 * MM_RAWCH4_CL   ; 

MM_RAWCO2_AMB   = 0.297/ 0.703 * MM_RAWCH4_AMB  ; 

MM_RAWCO2_UASB  = 0.458/ 0.542 * MM_RAWCH4_UASB ; 

MM_RAWCO2_EGSBR = 0.325/ 0.675 * MM_RAWCH4_EGSBR; 

MM_RAWCO2_UASFF = 0.281/ 0.719 * MM_RAWCH4_UASFF; 

MM_RAWCO2_CSTR  = 0.375/ 0.625 * MM_RAWCH4_CSTR ; 
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MM_RAWCO2       = MM_RAWCO2_CL + MM_RAWCO2_AMB + MM_RAWCO2_UASB + MM_RAWCO2_EGSBR + 

MM_RAWCO2_UASFF + MM_RAWCO2_CSTR; 

 

MM_RAWBG        = MM_RAWCH4 + MM_RAWCO2; 

 

MM_WS_AN  = 0.014 * MM_CPOME; !IN T/H; 

 

MM_ANPOME = MM_CPOME - (0.000668 * MM_RAWCH4) - (0.0018421 * MM_RAWCO2) - MM_WS_AN; 

 

!---------------------------------------------------------------------------------; 

!H2S REMOVAL TECHNOLOGY; 

 

!FEED SPLITTING; 

MM_RAWCH4 = MM_RAWCH4_HPWS + MM_RAWCH4_ACBF + MM_RAWCH4_MOBF + MM_RAWCH4_BRS; 

MM_RAWBG  = MM_RAWBG_HPWS  + MM_RAWBG_ACBF  + MM_RAWBG_MOBF  + MM_RAWBG_BRS ; 

 

MM_RAWCH4_HPWS = MM_RAWBG_HPWS * 0.719; 

MM_RAWCH4_ACBF = MM_RAWBG_ACBF * 0.719; 

MM_RAWCH4_MOBF = MM_RAWBG_MOBF * 0.719; 

MM_RAWCH4_BRS  = MM_RAWBG_BRS  * 0.719; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_HPWSunit);  !HPWS=HIGH PRESSURE WATER SCRUBBING; 

@GIN(MM_ACBFunit);  !ACBF=ACTIVATED CARBON BED FILTER; 

@GIN(MM_MOBFunit);   !MOBF=METAL OXIDE BED FILTER; 

@GIN(MM_BRSunit) ;  !BRS=BIOLOGICAL H2S REMOVAL SYSTEM; 

 

MM_HPWSunit * 600  >= MM_RAWBG_HPWS; 

MM_ACBFunit * 1200 >= MM_RAWBG_ACBF; 

MM_MOBFunit * 600  >= MM_RAWBG_MOBF; 

MM_BRSunit  * 300  >= MM_RAWBG_BRS ; 

 

MM_CC_HPWS = 800000 * MM_HPWSunit; 

MM_CC_ACBF = 350000 * MM_ACBFunit; 

MM_CC_MOBF = 400000 * MM_MOBFunit; 

MM_CC_BRS  = 200000 * MM_BRSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_HPWS = 0.10 * MM_CC_HPWS                             ; 

MM_OC_ACBF = 0.20 * MM_CC_ACBF + 8000 * 1.8 * MM_RAWBG_ACBF; 

MM_OC_MOBF = 0.05 * MM_CC_MOBF + 8000 * 2.5 * MM_RAWBG_MOBF; 

MM_OC_BRS  = 0.12 * MM_CC_BRS                              ; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_HPWS = 57  * MM_HPWSunit; 

MM_E_ACBF = 1.8 * MM_ACBFunit; 

MM_E_MOBF = 17  * MM_MOBFunit; 

MM_E_BRS  = 12  * MM_BRSunit ; 

 

!CONVERSION; 

MM_PTCH4_HPWS = 0.99  * MM_RAWCH4_HPWS; 

MM_PTCH4_ACBF = 0.985 * MM_RAWCH4_ACBF; 

MM_PTCH4_MOBF = 0.981 * MM_RAWCH4_MOBF; 

MM_PTCH4_BRS  = 0.97  * MM_RAWCH4_BRS ; 

 

MM_PTCH4 = MM_PTCH4_HPWS + MM_PTCH4_ACBF + MM_PTCH4_MOBF + MM_PTCH4_BRS; 

 

MM_PTBG_HPWS * 0.98  = MM_PTCH4_HPWS         ; 

MM_PTBG_ACBF         = MM_RAWBG_ACBF         ; 

MM_PTBG_MOBF         = MM_RAWBG_MOBF         ; 

MM_PTBG_BRS  * 0.719 = MM_PTCH4_BRS  * 1.081 ; 

 

MM_PTBG = MM_PTBG_HPWS + MM_PTBG_ACBF + MM_PTBG_MOBF + MM_PTBG_BRS; 

 

!---------------------------------------------------------------------------------; 

!UPGRADING COMPRESSOR; 

 

!FEED SPLITTING; 
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MM_PTCH4 = MM_PTCH4_COMPBG + MM_PTCH4_CHP + MM_PTCH4_SELL; 

MM_PTBG  = MM_COMPBG       + MM_PTBG_CHP  + MM_PTBG_SELL ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_COMPunit); !COMP=UPGRADING COMPRESSOR; 

 

MM_COMPunit * 0.665 * 1000 >= MM_PTCH4_COMPBG; 

 

MM_CC_COMP  = 210000 * MM_COMPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_COMP = 10000 * MM_COMPunit;   

 

!ELECTRICITY CONSUMPTION; 

MM_E_COMP = 0.174 * 0.665 * MM_PTCH4_COMPBG; !CHECK ON HYSYS AGAIN; 

 

!---------------------------------------------------------------------------------; 

!BIOGAS PURIFICATION TECHNOLOGY; 

 

!FEED SPLITTING; 

MM_COMPBG       = MM_COMPBG_PSA + MM_COMPBG_AA + MM_COMPBG_GM + MM_COMPBG_CS; 

MM_PTCH4_COMPBG = MM_PTCH4_PSA  + MM_PTCH4_AA  + MM_PTCH4_GM  + MM_PTCH4_CS ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_PSAunit);  !PSA = PRESSURE SWING ADSORPTION;  

@GIN(MM_AAunit);  !AA  = AMINE ABSORPTION; 

@GIN(MM_GMunit);  !GM  = GAS MEMBRANE;  

@GIN(MM_CSunit);  !CS  = CRYOGENIC SEPARATION; 

 

MM_PSAunit * 0.665 * 1000 >= MM_PTCH4_PSA;  

MM_AAunit  * 0.665 * 1000 >= MM_PTCH4_AA ; 

MM_GMunit  * 0.665 * 1000 >= MM_PTCH4_GM ; 

MM_CSunit  * 0.665 * 1000 >= MM_PTCH4_CS ; 

 

MM_CC_PSA  = 200000 * MM_PSAunit; 

MM_CC_AA   = 130000 * MM_AAunit ; 

MM_CC_GM   = 160000 * MM_GMunit ; 

MM_CC_CS   = 500000 * MM_CSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_PSA  = 0.10 * MM_CC_PSA; 

MM_OC_AA   = 0.15 * MM_CC_AA ; 

MM_OC_GM   = 0.08 * MM_CC_GM ; 

MM_OC_CS   = 0.06 * MM_CC_CS ; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_PSA  = 45 * MM_PSAunit; 

MM_E_AA   = 21 * MM_AAunit ; 

MM_E_GM   = 5  * MM_GMunit ; 

MM_E_CS   = 78 * MM_CSunit ;  

 

!CONVERSION; 

MM_PCH4_PSA = 0.98  * MM_PTCH4_PSA;  !M3/H; 

MM_PCH4_AA  = 0.97  * MM_PTCH4_AA ; 

MM_PCH4_GM  = 0.985 * MM_PTCH4_GM ; 

MM_PCH4_CS  = 0.999 * MM_PTCH4_CS ; 

 

MM_PCH4tot  = MM_PCH4_PSA + MM_PCH4_AA + MM_PCH4_GM + MM_PCH4_CS; 

 

MM_PBG_PSA * 0.98  = MM_PCH4_PSA; 

MM_PBG_AA  * 0.98  = MM_PCH4_AA ; 

MM_PBG_GM  * 0.99  = MM_PCH4_GM ; 

MM_PBG_CS  * 0.999 = MM_PCH4_CS ; 

 

MM_PBGtot   = MM_PBG_PSA + MM_PBG_AA + MM_PBG_GM + MM_PBG_CS; 

 

MM_LIQCO2 * 1.8421 = (MM_COMPBG_CS - MM_PBG_CS); !KG/H; 
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!---------------------------------------------------------------------------------; 

!STORAGE COMPRESSOR; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_COMPRESSunit); !COMPRESS=STORAGE COMPRESSOR; 

 

MM_COMPRESSunit * 800 >= MM_PBGtot; 

 

MM_CC_COMPRESS  =  250000 * MM_COMPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_COMPRESS = 10000 * MM_COMPRESSunit;   

 

!ELECTRICITY CONSUMPTION; 

MM_E_COMPRESS = 0.234 * MM_PBGtot; 

 

!CONVERSION; 

MM_CBG = MM_PBGtot;     !M3/H; 

MM_CBG_LHV = 50 * 0.668 * MM_PCH4tot;  !MJ/H; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 1; 

@GIN(MM_GEunit); @GIN(MM_GTunit);  @GIN(MM_FTBunit); @GIN(MM_WTBunit);  

 

!FEED SPLITTING; 

MM_PTBG_CHP  = MM_PTBG_GE  + MM_PTBG_GT  + MM_PTBG_FTB  + MM_PTBG_WTB ; 

MM_PTCH4_CHP = MM_PTCH4_GE + MM_PTCH4_GT + MM_PTCH4_FTB + MM_PTCH4_WTB; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

MM_GEunit  * 1000  >= MM_Egen_GE   ; 

MM_GTunit  * 1000  >= MM_Egen_GT   ; 

MM_FTBunit * 40000 >= MM_MPSgen_FTB; 

MM_WTBunit * 10000 >= MM_HPSgen_WTB; 

 

MM_CC_GE  = 315000  * MM_GEunit ; 

MM_CC_GT  = 1550000 * MM_GTunit ; 

MM_CC_FTB = 3500000 * MM_FTBunit; 

MM_CC_WTB = 1500000 * MM_WTBunit; 

 

!OPERATING COST, OC (US$/Y); 

MM_OC_GE  = 0.08 * MM_CC_GE ; 

MM_OC_GT  = 0.05 * MM_CC_GT ; 

MM_OC_FTB = 0.04 * MM_CC_FTB; 

MM_OC_WTB = 0.04 * MM_CC_WTB; 

 

!CONVERSION; 

MM_Egen_GE    = 0.4  * 35.8 * 0.2778 * MM_PTCH4_GE ; 

MM_Egen_GT    = 0.33 * 35.8 * 0.2778 * MM_PTCH4_GT ; 

MM_HOTAIR   = 0.6  * 35.8 * 1.4167 * MM_PTCH4_GE   + 0.67 * 35.8 * 1.4167 * MM_PTCH4_GT; 

MM_MPSgen_FTB = 0.5  * 35.8 * 0.3991 * MM_PTCH4_FTB; 

MM_HPSgen_WTB = 0.5  * 35.8 * 0.3882 * MM_PTCH4_WTB; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 2; 

@GIN(MM_HRSGunit); @GIN(MM_ST1unit); @GIN(MM_ST2unit); 

 

!FEED SPLITTING; 

MM_HOTAIR     = MM_HOTAIR_HRSG1   + MM_HOTAIR_HRSG2   + MM_HOTAIR_SELL; 

MM_MPSgen_FTB = MM_MPSgen_FTB_ST2 + MM_MPSgen_FTB_SELL                ; 

MM_MPSgen_ST1 = MM_MPSgen_ST1_ST2 + MM_MPSgen_ST1_SELL                ; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

MM_HRSGunit * 36000 >= MM_HOTAIR_HRSG1 + MM_HOTAIR_HRSG2; 

MM_ST1unit  * 1000  >= MM_Egen_ST1                      ; 

MM_ST2unit  * 500   >= MM_Egen_ST2                      ; 

 

MM_CC_HRSG = 750000 * MM_HRSGunit                      ; 

MM_CC_ST   = 830000 * MM_ST1unit  + 610000 * MM_ST2unit; 
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!OPERATING COST, OC (US$/Y); 

MM_OC_HRSG = 0.06 * MM_CC_HRSG; 

MM_OC_ST   = 0.02 * MM_CC_ST  ; 

 

!CONVERSION; 

MM_Egen_HRSG = 0.0272 * MM_HOTAIR_HRSG1; 

 

MM_Egen_ST1 = 0.0136 *  MM_HPSgen_WTB   ; 

MM_Egen_ST2 = 0.0317 * (MM_MPSgen_ST1_ST2 + MM_MPSgen_FTB_ST2); 

MM_Egen_ST  = MM_Egen_ST1 + MM_Egen_ST2 ; 

 

MM_LPSgen_HRSG = 0.0544 * MM_HOTAIR_HRSG1; 

MM_LPSgen_ST2  = MM_MPSgen_ST1_ST2       ; 

 

MM_MPSgen_HRSG = 0.0544 * MM_HOTAIR_HRSG2; 

MM_MPSgen_ST1  = MM_HPSgen_WTB           ; 

 

!---------------------------------------------------------------------------------; 

!AEROBIC DIGESTION; 

 

MM_ANPOMEtot = MM_ANPOME + MM_WW; 

 

!FEED SPLITTING; 

MM_ANPOMEtot = MM_ANPOME_ALS + MM_ANPOME_AeMB + MM_ANPOME_SBR + MM_ANPOME_EAS; 

 

MM_ANPOME_AeMB = MM_ANPOME_AeMB_1 + MM_ANPOME_AeMB_2; 

MM_ANPOME_SBR  = MM_ANPOME_SBR_1  + MM_ANPOME_SBR_2 ; 

MM_ANPOME_EAS  = MM_ANPOME_EAS_1  + MM_ANPOME_EAS_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_ALSunit)   ; !ALS=AEROBIC LAGOON SYSTEM; 

@GIN(MM_AeMBunit_1);  

@GIN(MM_AeMBunit_2); !AeMB=AEROBIC MEMBRANE BIOREACTOR; 

@GIN(MM_SBRunit_1) ;  

@GIN(MM_SBRunit_2) ; !SBR=SEQUENCING BATCH REACTOR; 

@GIN(MM_EASunit_1) ;  

@GIN(MM_EASunit_2) ; !EAS=EXTENDED AERATION SYSTEM; 

@GIN(MM_A_CLARunit); !CLARIFIER UNIT FOR AEROBIC DIGESTION; 

 

MM_ALSunit    * 5408 >= 31  * 24 *  MM_ANPOME_ALS                 ; 

MM_AeMBunit_1 * 2300 >= 13  * 24 *  MM_ANPOME_AeMB_1              ; 

MM_AeMBunit_2 * 5130 >= 13  * 24 *  MM_ANPOME_AeMB_2              ; 

MM_SBRunit_1  * 2300 >= 1   * 24 *  MM_ANPOME_SBR_1               ; 

MM_SBRunit_2  * 5130 >= 1   * 24 *  MM_ANPOME_SBR_2               ; 

MM_EASunit_1  * 2300 >= 6.5 * 24 *  MM_ANPOME_EAS_1               ; 

MM_EASunit_2  * 5130 >= 6.5 * 24 *  MM_ANPOME_EAS_2               ; 

MM_A_CLARunit * 2300 >= 1.2 * 24 * (MM_ANPOME_ALS + MM_ANPOME_EAS); 

 

MM_CC_ALS    =      140000 * MM_ALSunit                            ; 

MM_CC_AeMB   =      400000 * MM_AeMBunit_1 + 715000 * MM_AeMBunit_2; 

MM_CC_SBR    = 4 * (270000 * MM_SBRunit_1  + 550000 * MM_SBRunit_2); 

MM_CC_EAS    =      230000 * MM_EASunit_1  + 400000 * MM_EASunit_2 ;  

MM_CC_A_CLAR =      130000 * MM_A_CLARunit                         ; 

 

!OPERATING COST;  

MM_OC_ALS    = 23200 * MM_ALSunit  ; 

MM_OC_AeMB   = 0.08  * MM_CC_AeMB  ; 

MM_OC_SBR    = 0.05  * MM_CC_SBR   ; 

MM_OC_EAS    = 0.05  * MM_CC_EAS   ;  

MM_OC_A_CLAR = 6500  * MM_A_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_ALS    = 22 *  MM_ALSunit                    ; 

MM_E_AeMB   = 32 * (MM_AeMBunit_1 + MM_AeMBunit_2); 

MM_E_SBR    = 27 * (MM_SBRunit_1  + MM_SBRunit_2 ); 

MM_E_EAS    = 30 * (MM_EASunit_1  + MM_EASunit_2 ); 

MM_E_A_CLAR = 6  *  MM_A_CLARunit                 ; 
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!CONVERSION; 

MM_APOME_ALS  = 0.9116 * MM_ANPOME_ALS  ;  !IN T/H; 

MM_APOME_AeMB = 0.9032 * MM_ANPOME_AeMB ; 

MM_APOME_SBR  = 0.9137 * MM_ANPOME_SBR  ; 

MM_APOME_EAS  = 0.9087 * MM_ANPOME_EAS  ; 

 

MM_APOMEtot   = MM_APOME_ALS + MM_APOME_AeMB + MM_APOME_SBR + MM_APOME_EAS; 

  

MM_WS_ALS     = 0.0884 * MM_ANPOME_ALS  ; 

MM_WS_AeMB    = 0.0969 * MM_ANPOME_AeMB ; 

MM_WS_SBR     = 0.0863 * MM_ANPOME_SBR  ; 

MM_WS_EAS     = 0.0913 * MM_ANPOME_EAS  ; 

 

MM_WS_A       = MM_WS_ALS + MM_WS_AeMB + MM_WS_SBR + MM_WS_EAS; 

 

!---------------------------------------------------------------------------------; 

!AEROBICALLY TREATED POME (APOME) TREATMENT; 

 

!FEED SPLITTING; 

MM_APOMEtot = MM_APOME_PT + MM_APOME_ECS; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_PTunit);   !PT=PHYSIOCHEMICAL TREATMENT; 

@GIN(MM_ECSunit);  !ECS=ELECTRO-COAGULATION SYSTEM; 

 

MM_PTunit  * 30 >= MM_APOME_PT ; 

MM_ECSunit * 30 >= MM_APOME_ECS; 

 

MM_CC_PT  = 100000 * MM_PTunit ; 

MM_CC_ECS = 200000 * MM_ECSunit;  

 

!OPERATING COST;  

MM_OC_PT  = 0.05 * MM_CC_PT                               ; 

MM_OC_ECS = 0.05 * MM_CC_ECS + 0.515 * 8000 * MM_APOME_ECS;  

 

!ELECTRICITY CONSUMPTION; 

MM_E_PT   = 13   * MM_PTunit   ; 

MM_E_ECS  = 7.05 * MM_APOME_ECS; 

 

!CONVERSION; 

MM_TW_PT   = 0.95   * MM_APOME_PT ;  !TW=TREATED WATER; 

MM_BFW_ECS = 0.9481 * MM_APOME_ECS;  !BFW=BOILER FEED WATER; 

 

!---------------------------------------------------------------------------------; 

!TOTAL CAPITAL COST (CAPEX); 

MM_CAPEX_BIOGAS = MM_CC_ORP + MM_CC_CP + MM_CC_CL + MM_CC_AMB  + MM_CC_UASB + 

MM_CC_EGSBR + MM_CC_UASFF + MM_CC_CSTR + MM_CC_HPWS + MM_CC_ACBF + MM_CC_MOBF + 

MM_CC_BRS + MM_CC_COMP + MM_CC_PSA + MM_CC_AA + MM_CC_GM + MM_CC_CS + MM_CC_COMPRESS 

+ MM_CC_ALS + MM_CC_AeMB + MM_CC_SBR + MM_CC_EAS + MM_CC_PT + MM_CC_ECS + MM_CC_GE   

+ MM_CC_GT + MM_CC_FTB + MM_CC_WTB + MM_CC_HRSG + MM_CC_ST + MM_CC_A_CLAR ; 

 

!TOTAL OPERATING COST (OPEX); 

MM_OPEX_BIOGAS = MM_OC_ORP + MM_OC_CP + MM_OC_CL + MM_OC_AMB + MM_OC_UASB + 

MM_OC_EGSBR + MM_OC_UASFF + MM_OC_CSTR + MM_OC_HPWS + MM_OC_ACBF + MM_OC_MOBF + 

MM_OC_BRS + MM_OC_COMP + MM_OC_PSA + MM_OC_AA + MM_OC_GM + MM_OC_CS + MM_OC_COMPRESS 

+ MM_OC_ALS + MM_OC_AeMB + MM_OC_SBR + MM_OC_EAS + MM_OC_PT + MM_OC_ECS + MM_OC_GE + 

MM_OC_GT + MM_OC_FTB + MM_OC_WTB + MM_OC_HRSG + MM_OC_ST + MM_OC_A_CLAR; 

 

!TOTAL UTILITY CONSUMPTION; 

MM_Etot_BIOGAS = MM_E_ORP + MM_E_CP + MM_E_CL + MM_E_AMB + MM_E_UASB + MM_E_EGSBR + 

MM_E_UASFF + MM_E_CSTR + MM_E_HPWS + MM_E_ACBF + MM_E_MOBF + MM_E_BRS + MM_E_COMP + 

MM_E_PSA + MM_E_AA + MM_E_GM + MM_E_CS + MM_E_COMPRESS + MM_E_ALS + MM_E_AeMB + 

MM_E_SBR + MM_E_EAS + MM_E_PT + MM_E_ECS + MM_E_A_CLAR; 

 

!STEAM GENERATED (LPS & MPS); 

MM_LPSgen = MM_LPSgen_HRSG + MM_LPSgen_ST2; 

MM_MPSgen = MM_MPSgen_HRSG + MM_MPSgen_ST1_SELL + MM_MPSgen_FTB_SELL; 
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MM_BFW = MM_MPSgen + MM_LPSgen; 

 

!ELECTRICITY (KW); 

MM_Egen    = MM_Egen_GE + MM_Egen_GT + MM_Egen_HRSG + MM_Egen_ST; 

MM_E_SELL  = MM_Egen - MM_Etot_BIOGAS; 

 

MM_E_SELL >= 0; 

 

!TOTAL PRODUCTS GENERATED; 

MM_WS_BIOGAS     = MM_WS_AN + MM_WS_A;  !T/H; 

MM_TW_BIOGAS     = MM_TW_PT; 

MM_LIQCO2_BIOGAS = MM_LIQCO2;   !MJ/H; 

 

!GROSS PROFIT (GP) IN US$/Y; 

MM_GP_BIOGAS = 8000 * (MM_CBG_LHV * BIOMETHANE_PRICE + MM_LIQCO2 * LIQCO2_PRICE + 

MM_LPSgen * LPS_PRICE + MM_MPSgen * MPS_PRICE + MM_WS_BIOGAS * SLUDGE_PRICE + 

MM_BFW_ECS * BFW_PRICE    + MM_E_SELL * E_PRICE   - MM_BFW    * BFW_PRICE + 33.4 * 

MM_PTCH4_SELL * ENERGY_PRICE) - MM_OPEX_BIOGAS; 

 

@FREE(MM_GP_BIOGAS);  !TO ALLOW GP TO BE NEGATIVE VALUE; 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!HIGH SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

 

!TO LINEARISE THE FEED INPUT ACROSS THE YEAR (T/H); 

HH_POME_POM * 1000 = 0.54375 * HH_POMEtot  ; 

HH_WW              = 0.75    * HH_WS_BIOGAS; 

 

HH_OILCONTENT_POME * 1000 = 0.54375 * HH_OILCONTENT; !IN T/H; 

 

!---------------------------------------------------------------------------------; 

!OIL RECOVERY PIT (ORP); 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_ORPunit); 

 

HH_ORPunit * 800 >= (1.5 * 24 * HH_POME_POM); !RETENTION TIME=1.5DAYS; 

 

HH_CC_ORP  =  25000 * HH_ORPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_ORP = 2500 * HH_ORPunit; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_ORP  = 3 * HH_ORPunit; 

 

!CONVERSION; 

HH_RO_ORP * 0.7 = 0.556 * HH_OILCONTENT_POME; !RO=RECOVERED OIL; 

HH_PTPOME       = HH_POME_POM - HH_RO_ORP   ; !PTPOME=PRETREATED POME; 

 

!OIL CONTENT; 

HH_OILCONTENT_RO_ORP    = 0.556 * HH_OILCONTENT_POME; 

 

HH_OILCONTENT_PTPOME    = HH_OILCONTENT_POME - HH_OILCONTENT_RO_ORP; 

 

!---------------------------------------------------------------------------------; 

!COOLING POND; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_CPunit); 

 

HH_CPunit * 2400 >= 72 * HH_PTPOME;  !RETENTION TIME=3DAYS; 

 

HH_CC_CP  =  50000 * HH_CPunit; 
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!OPERATING COST (OC) IN US$/Y; 

HH_OC_CP = 5000 * HH_CPunit; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_CP  = 6 * HH_CPunit; 

 

!CONVERSION; 

HH_CPOME  = HH_PTPOME; 

 

!---------------------------------------------------------------------------------; 

!ANAEROBIC DIGESTION; 

 

!FEED SPLITTING; 

HH_CPOME = HH_CPOME_CL + HH_CPOME_AMB + HH_CPOME_UASB + HH_CPOME_EGSBR + 

HH_CPOME_UASFF + HH_CPOME_CSTR; 

 

HH_CPOME_AMB   = HH_CPOME_AMB_1   + HH_CPOME_AMB_2  ; 

HH_CPOME_UASB  = HH_CPOME_UASB_1  + HH_CPOME_UASB_2 ; 

HH_CPOME_EGSBR = HH_CPOME_EGSBR_1 + HH_CPOME_EGSBR_2; 

HH_CPOME_UASFF = HH_CPOME_UASFF_1 + HH_CPOME_UASFF_2; 

HH_CPOME_CSTR  = HH_CPOME_CSTR_1  + HH_CPOME_CSTR_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_CLunit);  @GIN(HH_CLARunit);  @GIN(HH_AMBunit_1); 

@GIN(HH_UASBunit_1); @GIN(HH_EGSBRunit_1); @GIN(HH_UASFFunit_1); 

@GIN(HH_CSTRunit_1); @GIN(HH_AMBunit_2);  @GIN(HH_UASBunit_2); 

@GIN(HH_EGSBRunit_2); @GIN(HH_UASFFunit_2); @GIN(HH_CSTRunit_2); 

 

HH_CLunit      * 5408 >= 40   * 24 *  HH_CPOME_CL                 ; 

HH_AMBunit_1   * 2300 >= 20.6 * 24 *  HH_CPOME_AMB_1              ; 

HH_AMBunit_2   * 5130 >= 20.6 * 24 *  HH_CPOME_AMB_2              ; 

HH_UASBunit_1  * 2300 >= 4    * 24 *  HH_CPOME_UASB_1             ; 

HH_UASBunit_2  * 5130 >= 4    * 24 *  HH_CPOME_UASB_2             ; 

HH_EGSBRunit_1 * 2300 >= 9.8  * 24 *  HH_CPOME_EGSBR_1            ; 

HH_EGSBRunit_2 * 5130 >= 9.8  * 24 *  HH_CPOME_EGSBR_2            ; 

HH_UASFFunit_1 * 2300 >= 3    * 24 *  HH_CPOME_UASFF_1            ; 

HH_UASFFunit_2 * 5130 >= 3    * 24 *  HH_CPOME_UASFF_2            ; 

HH_CSTRunit_1  * 2300 >= 18   * 24 *  HH_CPOME_CSTR_1             ; 

HH_CSTRunit_2  * 5130 >= 18   * 24 *  HH_CPOME_CSTR_2             ; 

HH_CLARunit    * 2300 >= 1.2  * 24 * (HH_CPOME_CL + HH_CPOME_CSTR); 

 

HH_CC_CL    = 150000 * HH_CLunit + 130000 * HH_CLARunit        ; 

HH_CC_AMB   = 400000 * HH_AMBunit_1   + 715000 * HH_AMBunit_2  ; 

HH_CC_UASB  = 330000 * HH_UASBunit_1  + 615000 * HH_UASBunit_2 ; 

HH_CC_EGSBR = 400000 * HH_EGSBRunit_1 + 770000 * HH_EGSBRunit_2; 

HH_CC_UASFF = 460000 * HH_UASFFunit_1 + 900000 * HH_UASFFunit_2; 

HH_CC_CSTR  = 360000 * HH_CSTRunit_1  + 665000 * HH_CSTRunit_2  + 130000 * HH_CLARunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_CL    = 25600 * HH_CLunit   + 6500 * HH_CLARunit; 

HH_OC_AMB   = 0.08  * HH_CC_AMB                       ; 

HH_OC_UASB  = 0.08  * HH_CC_UASB                      ; 

HH_OC_EGSBR = 0.08  * HH_CC_EGSBR + 150  * 0.3  * (2300 * HH_EGSBRunit_1 + 5130 * 

HH_EGSBRunit_2); 

HH_OC_UASFF = 0.08  * HH_CC_UASFF + 250  * 0.3  * (2300 * HH_UASFFunit_1 + 5130 * 

HH_UASFFunit_2); 

HH_OC_CSTR  = 0.08  * HH_CC_CSTR  + 6500 * HH_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_CL    = 28 *  HH_CLunit                        + 6 * HH_CLARunit; 

HH_E_AMB   = 32 * (HH_AMBunit_1   + HH_AMBunit_2  )                  ; 

HH_E_UASB  = 16 * (HH_UASBunit_1  + HH_UASBunit_2 )                  ; 

HH_E_EGSBR = 24 * (HH_EGSBRunit_1 + HH_EGSBRunit_2)                  ; 

HH_E_UASFF = 24 * (HH_UASFFunit_1 + HH_UASFFunit_2)                  ; 

HH_E_CSTR  = 41 * (HH_CSTRunit_1  + HH_CSTRunit_2 ) + 6 * HH_CLARunit; 

 

!CONVERSION (M3/H); 

HH_RAWCH4_CL    = 0.238 * 0.978  * 74 * HH_CPOME_CL    ; 
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HH_RAWCH4_AMB   = 0.29  * 0.9737 * 74 * HH_CPOME_AMB   ; 

HH_RAWCH4_UASB  = 0.24  * 0.984  * 74 * HH_CPOME_UASB  ; 

HH_RAWCH4_EGSBR = 0.266 * 0.9489 * 74 * HH_CPOME_EGSBR ; 

HH_RAWCH4_UASFF = 0.325 * 0.986  * 74 * HH_CPOME_UASFF ; 

HH_RAWCH4_CSTR  = 0.17  * 0.8    * 74 * HH_CPOME_CSTR  ; 

 

HH_RAWCH4       = HH_RAWCH4_CL + HH_RAWCH4_AMB + HH_RAWCH4_UASB + HH_RAWCH4_EGSBR + 

HH_RAWCH4_UASFF + HH_RAWCH4_CSTR; 

 

HH_RAWCO2_CL    = 0.456/ 0.544 * HH_RAWCH4_CL   ; 

HH_RAWCO2_AMB   = 0.297/ 0.703 * HH_RAWCH4_AMB  ; 

HH_RAWCO2_UASB  = 0.458/ 0.542 * HH_RAWCH4_UASB ; 

HH_RAWCO2_EGSBR = 0.325/ 0.675 * HH_RAWCH4_EGSBR; 

HH_RAWCO2_UASFF = 0.281/ 0.719 * HH_RAWCH4_UASFF; 

HH_RAWCO2_CSTR  = 0.375/ 0.625 * HH_RAWCH4_CSTR ; 

 

HH_RAWCO2       = HH_RAWCO2_CL + HH_RAWCO2_AMB + HH_RAWCO2_UASB + HH_RAWCO2_EGSBR + 

HH_RAWCO2_UASFF + HH_RAWCO2_CSTR; 

 

HH_RAWBG        = HH_RAWCH4 + HH_RAWCO2; 

 

HH_WS_AN  = 0.014 * HH_CPOME; !IN T/H; 

 

HH_ANPOME = HH_CPOME - (0.000668 * HH_RAWCH4) - (0.0018421 * HH_RAWCO2) - HH_WS_AN; 

 

!---------------------------------------------------------------------------------; 

!H2S REMOVAL TECHNOLOGY; 

 

!FEED SPLITTING; 

HH_RAWCH4 = HH_RAWCH4_HPWS + HH_RAWCH4_ACBF + HH_RAWCH4_MOBF + HH_RAWCH4_BRS; 

HH_RAWBG  = HH_RAWBG_HPWS  + HH_RAWBG_ACBF  + HH_RAWBG_MOBF  + HH_RAWBG_BRS ; 

 

HH_RAWCH4_HPWS = HH_RAWBG_HPWS * 0.719; 

HH_RAWCH4_ACBF = HH_RAWBG_ACBF * 0.719; 

HH_RAWCH4_MOBF = HH_RAWBG_MOBF * 0.719; 

HH_RAWCH4_BRS  = HH_RAWBG_BRS  * 0.719; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_HPWSunit);  !HPWS=HIGH PRESSURE WATER SCRUBBING; 

@GIN(HH_ACBFunit);  !ACBF=ACTIVATED CARBON BED FILTER; 

@GIN(HH_MOBFunit);   !MOBF=METAL OXIDE BED FILTER; 

@GIN(HH_BRSunit) ;  !BRS=BIOLOGICAL H2S REMOVAL SYSTEM; 

 

HH_HPWSunit * 600  >= HH_RAWBG_HPWS; 

HH_ACBFunit * 1200 >= HH_RAWBG_ACBF; 

HH_MOBFunit * 600  >= HH_RAWBG_MOBF; 

HH_BRSunit  * 300  >= HH_RAWBG_BRS ; 

 

HH_CC_HPWS = 800000 * HH_HPWSunit; 

HH_CC_ACBF = 350000 * HH_ACBFunit; 

HH_CC_MOBF = 400000 * HH_MOBFunit; 

HH_CC_BRS  = 200000 * HH_BRSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_HPWS = 0.10 * HH_CC_HPWS                             ; 

HH_OC_ACBF = 0.20 * HH_CC_ACBF + 8000 * 1.8 * HH_RAWBG_ACBF; 

HH_OC_MOBF = 0.05 * HH_CC_MOBF + 8000 * 2.5 * HH_RAWBG_MOBF; 

HH_OC_BRS  = 0.12 * HH_CC_BRS                              ; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_HPWS = 57  * HH_HPWSunit; 

HH_E_ACBF = 1.8 * HH_ACBFunit; 

HH_E_MOBF = 17  * HH_MOBFunit; 

HH_E_BRS  = 12  * HH_BRSunit ; 

 

!CONVERSION; 

HH_PTCH4_HPWS = 0.99  * HH_RAWCH4_HPWS; 

HH_PTCH4_ACBF = 0.985 * HH_RAWCH4_ACBF; 



Appendices 

cxxxv 

HH_PTCH4_MOBF = 0.981 * HH_RAWCH4_MOBF; 

HH_PTCH4_BRS  = 0.97  * HH_RAWCH4_BRS ; 

 

HH_PTCH4 = HH_PTCH4_HPWS + HH_PTCH4_ACBF + HH_PTCH4_MOBF + HH_PTCH4_BRS; 

 

HH_PTBG_HPWS * 0.98  = HH_PTCH4_HPWS         ; 

HH_PTBG_ACBF         = HH_RAWBG_ACBF         ; 

HH_PTBG_MOBF         = HH_RAWBG_MOBF         ; 

HH_PTBG_BRS  * 0.719 = HH_PTCH4_BRS  * 1.081 ; 

 

HH_PTBG = HH_PTBG_HPWS + HH_PTBG_ACBF + HH_PTBG_MOBF + HH_PTBG_BRS; 

 

!---------------------------------------------------------------------------------; 

!UPGRADING COMPRESSOR; 

 

!FEED SPLITTING; 

HH_PTCH4 = HH_PTCH4_COMPBG + HH_PTCH4_CHP + HH_PTCH4_SELL; 

HH_PTBG  = HH_COMPBG       + HH_PTBG_CHP  + HH_PTBG_SELL ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_COMPunit); !COMP=UPGRADING COMPRESSOR; 

 

HH_COMPunit * 0.665 * 1000 >= HH_PTCH4_COMPBG; 

 

HH_CC_COMP  = 210000 * HH_COMPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_COMP = 10000 * HH_COMPunit;   

 

!ELECTRICITY CONSUMPTION; 

HH_E_COMP = 0.174 * 0.665 * HH_PTCH4_COMPBG; !CHECK ON HYSYS AGAIN; 

 

!---------------------------------------------------------------------------------; 

!BIOGAS PURIFICATION TECHNOLOGY; 

 

!FEED SPLITTING; 

HH_COMPBG       = HH_COMPBG_PSA + HH_COMPBG_AA + HH_COMPBG_GM + HH_COMPBG_CS; 

HH_PTCH4_COMPBG = HH_PTCH4_PSA  + HH_PTCH4_AA  + HH_PTCH4_GM  + HH_PTCH4_CS ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_PSAunit);  !PSA = PRESSURE SWING ADSORPTION;  

@GIN(HH_AAunit);  !AA  = AMINE ABSORPTION; 

@GIN(HH_GMunit);  !GM  = GAS MEMBRANE;  

@GIN(HH_CSunit);  !CS  = CRYOGENIC SEPARATION; 

 

HH_PSAunit * 0.665 * 1000 >= HH_PTCH4_PSA;  

HH_AAunit  * 0.665 * 1000 >= HH_PTCH4_AA ; 

HH_GMunit  * 0.665 * 1000 >= HH_PTCH4_GM ; 

HH_CSunit  * 0.665 * 1000 >= HH_PTCH4_CS ; 

 

HH_CC_PSA  = 200000 * HH_PSAunit; 

HH_CC_AA   = 130000 * HH_AAunit ; 

HH_CC_GM   = 160000 * HH_GMunit ; 

HH_CC_CS   = 500000 * HH_CSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_PSA  = 0.10 * HH_CC_PSA; 

HH_OC_AA   = 0.15 * HH_CC_AA ; 

HH_OC_GM   = 0.08 * HH_CC_GM ; 

HH_OC_CS   = 0.06 * HH_CC_CS ; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_PSA  = 45 * HH_PSAunit; 

HH_E_AA   = 21 * HH_AAunit ; 

HH_E_GM   = 5  * HH_GMunit ; 

HH_E_CS   = 78 * HH_CSunit ;  

 

!CONVERSION; 



Appendices 

cxxxvi 

HH_PCH4_PSA = 0.98  * HH_PTCH4_PSA;  !M3/H; 

HH_PCH4_AA  = 0.97  * HH_PTCH4_AA ; 

HH_PCH4_GM  = 0.985 * HH_PTCH4_GM ; 

HH_PCH4_CS  = 0.999 * HH_PTCH4_CS ; 

 

HH_PCH4tot  = HH_PCH4_PSA + HH_PCH4_AA + HH_PCH4_GM + HH_PCH4_CS; 

 

HH_PBG_PSA * 0.98  = HH_PCH4_PSA; 

HH_PBG_AA  * 0.98  = HH_PCH4_AA ; 

HH_PBG_GM  * 0.99  = HH_PCH4_GM ; 

HH_PBG_CS  * 0.999 = HH_PCH4_CS ; 

 

HH_PBGtot   = HH_PBG_PSA + HH_PBG_AA + HH_PBG_GM + HH_PBG_CS; 

 

HH_LIQCO2 * 1.8421 = (HH_COMPBG_CS - HH_PBG_CS); !KG/H; 

 

!---------------------------------------------------------------------------------; 

!STORAGE COMPRESSOR; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_COMPRESSunit); !COMPRESS=STORAGE COMPRESSOR; 

 

HH_COMPRESSunit * 800 >= HH_PBGtot; 

 

HH_CC_COMPRESS  =  250000 * HH_COMPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_COMPRESS = 10000 * HH_COMPRESSunit;   

 

!ELECTRICITY CONSUMPTION; 

HH_E_COMPRESS = 0.234 * HH_PBGtot; 

 

!CONVERSION; 

HH_CBG = HH_PBGtot;     !M3/H; 

HH_CBG_LHV = 50 * 0.668 * HH_PCH4tot;  !MJ/H; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 1; 

@GIN(HH_GEunit); @GIN(HH_GTunit);  @GIN(HH_FTBunit); @GIN(HH_WTBunit);  

 

!FEED SPLITTING; 

HH_PTBG_CHP  = HH_PTBG_GE  + HH_PTBG_GT  + HH_PTBG_FTB  + HH_PTBG_WTB ; 

HH_PTCH4_CHP = HH_PTCH4_GE + HH_PTCH4_GT + HH_PTCH4_FTB + HH_PTCH4_WTB; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

HH_GEunit  * 1000  >= HH_Egen_GE   ; 

HH_GTunit  * 1000  >= HH_Egen_GT   ; 

HH_FTBunit * 40000 >= HH_MPSgen_FTB; 

HH_WTBunit * 10000 >= HH_HPSgen_WTB; 

 

HH_CC_GE  = 315000  * HH_GEunit ; 

HH_CC_GT  = 1550000 * HH_GTunit ; 

HH_CC_FTB = 3500000 * HH_FTBunit; 

HH_CC_WTB = 1500000 * HH_WTBunit; 

 

!OPERATING COST, OC (US$/Y); 

HH_OC_GE  = 0.08 * HH_CC_GE ; 

HH_OC_GT  = 0.05 * HH_CC_GT ; 

HH_OC_FTB = 0.04 * HH_CC_FTB; 

HH_OC_WTB = 0.04 * HH_CC_WTB; 

 

!CONVERSION; 

HH_Egen_GE    = 0.4  * 35.8 * 0.2778 * HH_PTCH4_GE ; 

HH_Egen_GT    = 0.33 * 35.8 * 0.2778 * HH_PTCH4_GT ; 

HH_HOTAIR     = 0.6  * 35.8 * 1.4167 * HH_PTCH4_GE   + 0.67 * 35.8 * 1.4167 * 

HH_PTCH4_GT; 

HH_MPSgen_FTB = 0.5  * 35.8 * 0.3991 * HH_PTCH4_FTB; 

HH_HPSgen_WTB = 0.5  * 35.8 * 0.3882 * HH_PTCH4_WTB; 
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!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 2; 

@GIN(HH_HRSGunit); @GIN(HH_ST1unit); @GIN(HH_ST2unit); 

 

!FEED SPLITTING; 

HH_HOTAIR     = HH_HOTAIR_HRSG1   + HH_HOTAIR_HRSG2   + HH_HOTAIR_SELL; 

HH_MPSgen_FTB = HH_MPSgen_FTB_ST2 + HH_MPSgen_FTB_SELL                ; 

HH_MPSgen_ST1 = HH_MPSgen_ST1_ST2 + HH_MPSgen_ST1_SELL                ; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

HH_HRSGunit * 36000 >= HH_HOTAIR_HRSG1 + HH_HOTAIR_HRSG2; 

HH_ST1unit  * 1000  >= HH_Egen_ST1                      ; 

HH_ST2unit  * 500   >= HH_Egen_ST2                      ; 

 

HH_CC_HRSG = 750000 * HH_HRSGunit                      ; 

HH_CC_ST   = 830000 * HH_ST1unit  + 610000 * HH_ST2unit; 

 

!OPERATING COST, OC (US$/Y); 

HH_OC_HRSG = 0.06 * HH_CC_HRSG; 

HH_OC_ST   = 0.02 * HH_CC_ST  ; 

 

!CONVERSION; 

HH_Egen_HRSG = 0.0272 * HH_HOTAIR_HRSG1; 

 

HH_Egen_ST1 = 0.0136 *  HH_HPSgen_WTB   ; 

HH_Egen_ST2 = 0.0317 * (HH_MPSgen_ST1_ST2 + HH_MPSgen_FTB_ST2); 

HH_Egen_ST  = HH_Egen_ST1 + HH_Egen_ST2 ; 

 

HH_LPSgen_HRSG = 0.0544 * HH_HOTAIR_HRSG1; 

HH_LPSgen_ST2  = HH_MPSgen_ST1_ST2       ; 

 

HH_MPSgen_HRSG = 0.0544 * HH_HOTAIR_HRSG2; 

HH_MPSgen_ST1  = HH_HPSgen_WTB           ; 

 

!---------------------------------------------------------------------------------; 

!AEROBIC DIGESTION; 

 

HH_ANPOMEtot = HH_ANPOME + HH_WW; 

 

!FEED SPLITTING; 

HH_ANPOMEtot = HH_ANPOME_ALS + HH_ANPOME_AeMB + HH_ANPOME_SBR + HH_ANPOME_EAS; 

 

HH_ANPOME_AeMB = HH_ANPOME_AeMB_1 + HH_ANPOME_AeMB_2; 

HH_ANPOME_SBR  = HH_ANPOME_SBR_1  + HH_ANPOME_SBR_2 ; 

HH_ANPOME_EAS  = HH_ANPOME_EAS_1  + HH_ANPOME_EAS_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_ALSunit)   ;  !ALS=AEROBIC LAGOON SYSTEM; 

@GIN(HH_AeMBunit_1); 

@GIN(HH_AeMBunit_2);  !AeMB=AEROBIC MEMBRANE BIOREACTOR; 

@GIN(HH_SBRunit_1) ; 

@GIN(HH_SBRunit_2) ;  !SBR=SEQUENCING BATCH REACTOR; 

@GIN(HH_EASunit_1) ; 

@GIN(HH_EASunit_2) ;  !EAS=EXTENDED AERATION SYSTEM; 

@GIN(HH_A_CLARunit);  !CLARIFIER UNIT FOR AEROBIC DIGESTION; 

 

HH_ALSunit    * 5408 >= 31  * 24 *  HH_ANPOME_ALS                 ; 

HH_AeMBunit_1 * 2300 >= 13  * 24 *  HH_ANPOME_AeMB_1              ; 

HH_AeMBunit_2 * 5130 >= 13  * 24 *  HH_ANPOME_AeMB_2              ; 

HH_SBRunit_1  * 2300 >= 1   * 24 *  HH_ANPOME_SBR_1               ; 

HH_SBRunit_2  * 5130 >= 1   * 24 *  HH_ANPOME_SBR_2               ; 

HH_EASunit_1  * 2300 >= 6.5 * 24 *  HH_ANPOME_EAS_1               ; 

HH_EASunit_2  * 5130 >= 6.5 * 24 *  HH_ANPOME_EAS_2               ; 

HH_A_CLARunit * 2300 >= 1.2 * 24 * (HH_ANPOME_ALS + HH_ANPOME_EAS); 

 

HH_CC_ALS    =      140000 * HH_ALSunit                            ; 

HH_CC_AeMB   =      400000 * HH_AeMBunit_1 + 715000 * HH_AeMBunit_2; 
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HH_CC_SBR    = 4 * (270000 * HH_SBRunit_1  + 550000 * HH_SBRunit_2); 

HH_CC_EAS    =      230000 * HH_EASunit_1  + 400000 * HH_EASunit_2 ;  

HH_CC_A_CLAR =      130000 * HH_A_CLARunit                         ; 

 

!OPERATING COST;  

HH_OC_ALS    = 23200 * HH_ALSunit  ; 

HH_OC_AeMB   = 0.08  * HH_CC_AeMB  ; 

HH_OC_SBR    = 0.05  * HH_CC_SBR   ; 

HH_OC_EAS    = 0.05  * HH_CC_EAS   ;  

HH_OC_A_CLAR = 6500  * HH_A_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_ALS    = 22 *  HH_ALSunit                    ; 

HH_E_AeMB   = 32 * (HH_AeMBunit_1 + HH_AeMBunit_2); 

HH_E_SBR    = 27 * (HH_SBRunit_1  + HH_SBRunit_2 ); 

HH_E_EAS    = 30 * (HH_EASunit_1  + HH_EASunit_2 ); 

HH_E_A_CLAR = 6  *  HH_A_CLARunit                 ; 

 

!CONVERSION; 

HH_APOME_ALS  = 0.9116 * HH_ANPOME_ALS  ;  !IN T/H; 

HH_APOME_AeMB = 0.9032 * HH_ANPOME_AeMB ; 

HH_APOME_SBR  = 0.9137 * HH_ANPOME_SBR  ; 

HH_APOME_EAS  = 0.9087 * HH_ANPOME_EAS  ; 

 

HH_APOMEtot   = HH_APOME_ALS + HH_APOME_AeMB + HH_APOME_SBR + HH_APOME_EAS; 

  

HH_WS_ALS     = 0.0884 * HH_ANPOME_ALS  ; 

HH_WS_AeMB    = 0.0969 * HH_ANPOME_AeMB ; 

HH_WS_SBR     = 0.0863 * HH_ANPOME_SBR  ; 

HH_WS_EAS     = 0.0913 * HH_ANPOME_EAS  ; 

 

HH_WS_A       = HH_WS_ALS + HH_WS_AeMB + HH_WS_SBR + HH_WS_EAS; 

 

!---------------------------------------------------------------------------------; 

!AEROBICALLY TREATED POME (APOME) TREATMENT; 

 

!FEED SPLITTING; 

HH_APOMEtot = HH_APOME_PT + HH_APOME_ECS; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_PTunit);   !PT=PHYSIOCHEMICAL TREATMENT; 

@GIN(HH_ECSunit);  !ECS=ELECTRO-COAGULATION SYSTEM; 

 

HH_PTunit  * 30 >= HH_APOME_PT ; 

HH_ECSunit * 30 >= HH_APOME_ECS; 

 

HH_CC_PT  = 100000 * HH_PTunit ; 

HH_CC_ECS = 200000 * HH_ECSunit;  

 

!OPERATING COST;  

HH_OC_PT  = 0.05 * HH_CC_PT                               ; 

HH_OC_ECS = 0.05 * HH_CC_ECS + 0.515 * 8000 * HH_APOME_ECS;  

 

!ELECTRICITY CONSUMPTION; 

HH_E_PT   = 13   * HH_PTunit   ; 

HH_E_ECS  = 7.05 * HH_APOME_ECS; 

 

!CONVERSION; 

HH_TW_PT   = 0.95   * HH_APOME_PT ;  !TW=TREATED WATER; 

HH_BFW_ECS = 0.9481 * HH_APOME_ECS;  !BFW=BOILER FEED WATER; 

 

!---------------------------------------------------------------------------------; 

!TOTAL CAPITAL COST (CAPEX); 

HH_CAPEX_BIOGAS = HH_CC_ORP + HH_CC_CP + HH_CC_CL + HH_CC_AMB  + HH_CC_UASB + 

HH_CC_EGSBR + HH_CC_UASFF + HH_CC_CSTR + HH_CC_HPWS + HH_CC_ACBF + HH_CC_MOBF + 

HH_CC_BRS + HH_CC_COMP + HH_CC_PSA + HH_CC_AA + HH_CC_GM + HH_CC_CS + HH_CC_COMPRESS 

+ HH_CC_ALS + HH_CC_AeMB + HH_CC_SBR + HH_CC_EAS + HH_CC_PT + HH_CC_ECS + HH_CC_GE   

+ HH_CC_GT + HH_CC_FTB + HH_CC_WTB + HH_CC_HRSG + HH_CC_ST + HH_CC_A_CLAR ; 
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!TOTAL OPERATING COST (OPEX); 

HH_OPEX_BIOGAS = HH_OC_ORP + HH_OC_CP + HH_OC_CL + HH_OC_AMB + HH_OC_UASB + 

HH_OC_EGSBR + HH_OC_UASFF + HH_OC_CSTR + HH_OC_HPWS + HH_OC_ACBF + HH_OC_MOBF + 

HH_OC_BRS + HH_OC_COMP + HH_OC_PSA + HH_OC_AA + HH_OC_GM + HH_OC_CS + HH_OC_COMPRESS 

+ HH_OC_ALS + HH_OC_AeMB + HH_OC_SBR + HH_OC_EAS + HH_OC_PT + HH_OC_ECS + HH_OC_GE + 

HH_OC_GT + HH_OC_FTB + HH_OC_WTB + HH_OC_HRSG + HH_OC_ST + HH_OC_A_CLAR; 

 

!TOTAL UTILITY CONSUMPTION; 

HH_Etot_BIOGAS = HH_E_ORP + HH_E_CP + HH_E_CL + HH_E_AMB + HH_E_UASB + HH_E_EGSBR + 

HH_E_UASFF + HH_E_CSTR + HH_E_HPWS + HH_E_ACBF + HH_E_MOBF + HH_E_BRS + HH_E_COMP + 

HH_E_PSA + HH_E_AA + HH_E_GM + HH_E_CS + HH_E_COMPRESS + HH_E_ALS + HH_E_AeMB + 

HH_E_SBR + HH_E_EAS + HH_E_PT + HH_E_ECS + HH_E_A_CLAR; 

 

!STEAM GENERATED (LPS & MPS); 

HH_LPSgen = HH_LPSgen_HRSG + HH_LPSgen_ST2; 

HH_MPSgen = HH_MPSgen_HRSG + HH_MPSgen_ST1_SELL + HH_MPSgen_FTB_SELL; 

 

HH_BFW = HH_MPSgen + HH_LPSgen; 

 

!ELECTRICITY (KW); 

HH_Egen    = HH_Egen_GE + HH_Egen_GT + HH_Egen_HRSG + HH_Egen_ST; 

HH_E_SELL  = HH_Egen - HH_Etot_BIOGAS; 

 

HH_E_SELL >= 0; 

 

!TOTAL PRODUCTS GENERATED; 

HH_WS_BIOGAS     = HH_WS_AN + HH_WS_A;  !T/H; 

HH_TW_BIOGAS     = HH_TW_PT; 

HH_LIQCO2_BIOGAS = HH_LIQCO2;   !MJ/H; 

 

!GROSS PROFIT (GP) IN US$/Y; 

HH_GP_BIOGAS = 8000 * (HH_CBG_LHV * BIOMETHANE_PRICE + HH_LIQCO2 * LIQCO2_PRICE + 

HH_LPSgen * LPS_PRICE + HH_MPSgen * MPS_PRICE + HH_WS_BIOGAS * SLUDGE_PRICE + 

HH_BFW_ECS * BFW_PRICE    + HH_E_SELL * E_PRICE   - HH_BFW    * BFW_PRICE + 33.4 * 

HH_PTCH4_SELL * ENERGY_PRICE) - HH_OPEX_BIOGAS; 

 

@FREE(HH_GP_BIOGAS);  !TO ALLOW GP TO BE NEGATIVE VALUE; 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!ADDITIONAL CONSTRAINTS TO ENSURE SIMILAR IBWT PATHWAYS FOR ALL SEASONS; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

HH_ORPunit  >= MM_ORPunit; MM_ORPunit   >= LL_ORPunit ; 

HH_CPunit  >= MM_CPunit; MM_CPunit   >= LL_CPunit ; 

 

HH_CLunit  >= MM_CLunit; MM_CLunit   >= LL_CLunit ; 

HH_CLARunit >= MM_CLARunit; MM_CLARunit  >= LL_CLARunit; 

HH_AMBunit_1 >= MM_AMBunit_1; MM_AMBunit_1  >= LL_AMBunit_1; 

HH_UASBunit_1 >= MM_UASBunit_1; MM_UASBunit_1  >= LL_UASBunit_1; 

HH_EGSBRunit_1 >= MM_EGSBRunit_1; MM_EGSBRunit_1  >= LL_EGSBRunit_1; 

HH_UASFFunit_1  >= MM_UASFFunit_1; MM_UASFFunit_1  >= LL_UASFFunit_1; 

HH_CSTRunit_1 >= MM_CSTRunit_1; MM_CSTRunit_1  >= LL_CSTRunit_1; 

HH_AMBunit_2  >= MM_AMBunit_2; MM_AMBunit_2  >= LL_AMBunit_2; 

HH_UASBunit_2  >= MM_UASBunit_2; MM_UASBunit_2  >= LL_UASBunit_2; 

HH_EGSBRunit_2  >= MM_EGSBRunit_2; MM_EGSBRunit_2  >= LL_EGSBRunit_2; 

HH_UASFFunit_2 >= MM_UASFFunit_2; MM_UASFFunit_2 >= LL_UASFFunit_2; 

HH_CSTRunit_2 >= MM_CSTRunit_2; MM_CSTRunit_2  >= LL_CSTRunit_2; 

 

HH_HPWSunit  >= MM_HPWSunit; MM_HPWSunit  >= LL_HPWSunit; 

HH_ACBFunit  >= MM_ACBFunit; MM_ACBFunit  >= LL_ACBFunit; 

HH_MOBFunit >= MM_MOBFunit; MM_MOBFunit  >= LL_MOBFunit; 

HH_BRSunit  >= MM_BRSunit; MM_BRSunit  >= LL_BRSunit ; 

 

HH_COMPunit  >= MM_COMPunit; MM_COMPunit  >= LL_COMPunit; 

HH_PSAunit  >= MM_PSAunit; MM_PSAunit  >= LL_PSAunit; 

HH_AAunit  >= MM_AAunit; MM_AAunit   >= LL_AAunit ; 

HH_GMunit  >= MM_GMunit; MM_GMunit   >= LL_GMunit ; 
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HH_CSunit  >= MM_CSunit; MM_CSunit   >= LL_CSunit; 

HH_COMPRESSunit >= MM_COMPRESSunit; MM_COMPRESSunit  >= LL_COMPRESSunit; 

 

HH_GEunit  >= MM_GEunit; MM_GEunit   >= LL_GEunit; 

HH_GTunit  >= MM_GTunit; MM_GTunit   >= LL_GTunit; 

HH_FTBunit  >= MM_FTBunit; MM_FTBunit  >= LL_FTBunit; 

HH_WTBunit  >= MM_WTBunit; MM_WTBunit  >= LL_WTBunit; 

HH_HRSGunit  >= MM_HRSGunit; MM_HRSGunit  >= LL_HRSGunit; 

HH_ST1unit  >= MM_ST1unit; MM_ST1unit  >= LL_ST1unit; 

HH_ST2unit  >= MM_ST2unit; MM_ST2unit  >= LL_ST2unit; 

 

HH_ALSunit  >= MM_ALSunit; MM_ALSunit  >= LL_ALSunit; 

HH_AeMBunit_1 >= MM_AeMBunit_1; MM_AeMBunit_1  >= LL_AeMBunit_1; 

HH_SBRunit_1 >= MM_SBRunit_1; MM_SBRunit_1  >= LL_SBRunit_1; 

HH_EASunit_1  >= MM_EASunit_1; MM_EASunit_1  >= LL_EASunit_1; 

HH_AeMBunit_2 >= MM_AeMBunit_2; MM_AeMBunit_2 >= LL_AeMBunit_2; 

HH_SBRunit_2 >= MM_SBRunit_2; MM_SBRunit_2 >= LL_SBRunit_2; 

HH_EASunit_2 >= MM_EASunit_2; MM_EASunit_2  >= LL_EASunit_2; 

HH_A_CLARunit  >= MM_A_CLARunit; MM_A_CLARunit   >= LL_A_CLARunit; 

 

HH_PTunit  >= MM_PTunit; MM_PTunit   >= LL_PTunit; 

HH_ECSunit  >= MM_ECSunit; MM_ECSunit  >= LL_ECSunit; 

 

END 

 

A.2.4.2. Scenario 1 (Results) 

  Global optimal solution found. 

  Objective value:                              606831.9 

  Objective bound:                              606831.9 

  Infeasibilities:                              0.000000 

  Extended solver steps:                               0 

  Total solver iterations:                           709 

  Elapsed runtime seconds:                          0.21 

 

  Model Class:                                      MILP 

 

  Total variables:                    821 

  Nonlinear variables:                  0 

  Integer variables:                  123 

 

  Total constraints:                  790 

  Nonlinear constraints:                0 

 

  Total nonzeros:                    2210 

  Nonlinear nonzeros:                   0 

 

                                Variable           Value        Reduced Cost 

                            EP_BIOGASTOT        606831.9            0.000000 

                                  BIOGAS        0.000000            0.000000 

                              LL_PCH4TOT        0.000000            0.000000 

                              MM_PCH4TOT        0.000000            0.000000 

                              HH_PCH4TOT        0.000000            0.000000 

                                  E_SELL        1917.613            0.000000 

                               LL_E_SELL        1433.962            0.000000 

                               MM_E_SELL        1879.000            0.000000 

                               HH_E_SELL        2775.774            0.000000 

                                      GP        889596.5            0.000000 

                            GP_BIOGASTOT        889596.5            0.000000 

                                     CER        0.000000            0.000000 

                         HH_CAPEX_BIOGAS        2935000.            0.000000 

                            LL_GP_BIOGAS        595647.5            0.000000 

                            MM_GP_BIOGAS        874232.4            0.000000 

                            HH_GP_BIOGAS        1400368.            0.000000 

                            LL_EP_BIOGAS        384176.1            0.000000 
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                         LL_CAPEX_BIOGAS        2195000.            0.000000 

                            MM_EP_BIOGAS        641084.1            0.000000 

                         MM_CAPEX_BIOGAS        2420000.            0.000000 

                            HH_EP_BIOGAS        1117604.            0.000000 

                            ENERGY_PRICE       0.3355000E-02        0.000000 

                        BIOMETHANE_PRICE       0.5813000E-02        0.000000 

                            LIQCO2_PRICE        0.000000            0.000000 

                                 E_PRICE       0.7960000E-01        0.000000 

                               MPS_PRICE       0.1700000E-01        0.000000 

                               LPS_PRICE       0.1200000E-01        0.000000 

                               BFW_PRICE        1.160000            0.000000 

                            SLUDGE_PRICE        2.000000            0.000000 

                              LL_POMETOT        31255.00            0.000000 

                              MM_POMETOT        41669.00            0.000000 

                              HH_POMETOT        59036.00            0.000000 

                           LL_OILCONTENT        383.0000            0.000000 

                           MM_OILCONTENT        511.0000            0.000000 

                           HH_OILCONTENT        723.0000            0.000000 

                             LL_POME_POM        16.99491            0.000000 

                                   LL_WW        1.368774            0.000000 

                            LL_WS_BIOGAS        1.825032            0.000000 

                      LL_OILCONTENT_POME       0.2082562            0.000000 

                              LL_ORPUNIT        1.000000            1839.137 

                               LL_CC_ORP        25000.00            0.000000 

                               LL_OC_ORP        2500.000            0.000000 

                                LL_E_ORP        3.000000            0.000000 

                               LL_RO_ORP       0.1654150            0.000000 

                               LL_PTPOME        16.82949            0.000000 

                    LL_OILCONTENT_RO_ORP       0.1157905            0.000000 

                    LL_OILCONTENT_PTPOME       0.9246577E-01        0.000000 

                               LL_CPUNIT        1.000000            3678.274 

                                LL_CC_CP        50000.00            0.000000 

                                LL_OC_CP        5000.000            0.000000 

                                 LL_E_CP        6.000000            0.000000 

                                LL_CPOME        16.82949            0.000000 

                             LL_CPOME_CL        0.000000            6652.268 

                            LL_CPOME_AMB        0.000000            0.000000 

                           LL_CPOME_UASB        0.000000            0.000000 

                          LL_CPOME_EGSBR        0.000000            0.000000 

                          LL_CPOME_UASFF        16.82949            0.000000 

                           LL_CPOME_CSTR        0.000000            13976.24 

                          LL_CPOME_AMB_1        0.000000            2885.464 

                          LL_CPOME_AMB_2        0.000000            2885.464 

                         LL_CPOME_UASB_1        0.000000            6395.269 

                         LL_CPOME_UASB_2        0.000000            6395.269 

                        LL_CPOME_EGSBR_1        0.000000            5156.864 

                        LL_CPOME_EGSBR_2        0.000000            5156.864 

                        LL_CPOME_UASFF_1        16.82949            0.000000 

                        LL_CPOME_UASFF_2        0.000000            0.000000 

                         LL_CPOME_CSTR_1        0.000000            0.000000 

                         LL_CPOME_CSTR_2        0.000000            0.000000 

                               LL_CLUNIT        0.000000            18110.48 

                             LL_CLARUNIT        0.000000            12944.35 

                            LL_AMBUNIT_1        0.000000            21841.46 

                           LL_UASBUNIT_1        0.000000            15257.53 

                          LL_EGSBRUNIT_1        0.000000            62876.59 

                          LL_UASFFUNIT_1        1.000000            93651.19 

                           LL_CSTRUNIT_1        0.000000            22896.97 

                            LL_AMBUNIT_2        0.000000            32349.86 

                           LL_UASBUNIT_2        0.000000            24765.13 

                          LL_EGSBRUNIT_2        0.000000            128324.7 

                          LL_UASFFUNIT_2        0.000000            196837.8 

                           LL_CSTRUNIT_2        0.000000            33071.77 

                                LL_CC_CL        0.000000            0.000000 

                               LL_CC_AMB        0.000000            0.000000 

                              LL_CC_UASB        0.000000            0.000000 

                             LL_CC_EGSBR        0.000000            0.000000 

                             LL_CC_UASFF        460000.0            0.000000 
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                              LL_CC_CSTR        0.000000            0.000000 

                                LL_OC_CL        0.000000            0.000000 

                               LL_OC_AMB        0.000000            0.000000 

                              LL_OC_UASB        0.000000            0.000000 

                             LL_OC_EGSBR        0.000000            0.000000 

                             LL_OC_UASFF        209300.0            0.000000 

                              LL_OC_CSTR        0.000000            0.000000 

                                 LL_E_CL        0.000000            0.000000 

                                LL_E_AMB        0.000000            0.000000 

                               LL_E_UASB        0.000000            0.000000 

                              LL_E_EGSBR        0.000000            0.000000 

                              LL_E_UASFF        24.00000            0.000000 

                               LL_E_CSTR        0.000000            0.000000 

                            LL_RAWCH4_CL        0.000000            0.000000 

                           LL_RAWCH4_AMB        0.000000            0.000000 

                          LL_RAWCH4_UASB        0.000000            0.000000 

                         LL_RAWCH4_EGSBR        0.000000            0.000000 

                         LL_RAWCH4_UASFF        399.0828            0.000000 

                          LL_RAWCH4_CSTR        0.000000            0.000000 

                               LL_RAWCH4        399.0828            0.000000 

                            LL_RAWCO2_CL        0.000000            0.000000 

                           LL_RAWCO2_AMB        0.000000            0.000000 

                          LL_RAWCO2_UASB        0.000000            0.000000 

                         LL_RAWCO2_EGSBR        0.000000            0.000000 

                         LL_RAWCO2_UASFF        155.9698            0.000000 

                          LL_RAWCO2_CSTR        0.000000            0.000000 

                               LL_RAWCO2        155.9698            0.000000 

                                LL_RAWBG        555.0525            0.000000 

                                LL_WS_AN       0.2356129            0.000000 

                               LL_ANPOME        16.03998            0.000000 

                          LL_RAWCH4_HPWS        0.000000            0.000000 

                          LL_RAWCH4_ACBF        0.000000            0.000000 

                          LL_RAWCH4_MOBF        0.000000            0.000000 

                           LL_RAWCH4_BRS        399.0828            0.000000 

                           LL_RAWBG_HPWS        0.000000            0.000000 

                           LL_RAWBG_ACBF        0.000000            5993.407 

                           LL_RAWBG_MOBF        0.000000            8331.645 

                            LL_RAWBG_BRS        555.0525            0.000000 

                             LL_HPWSUNIT        0.000000            39381.77 

                             LL_ACBFUNIT        0.000000            29667.98 

                             LL_MOBFUNIT        0.000000            12854.28 

                              LL_BRSUNIT        2.000000            13194.55 

                              LL_CC_HPWS        0.000000            0.000000 

                              LL_CC_ACBF        0.000000            0.000000 

                              LL_CC_MOBF        0.000000            0.000000 

                               LL_CC_BRS        400000.0            0.000000 

                              LL_OC_HPWS        0.000000            0.000000 

                              LL_OC_ACBF        0.000000            0.000000 

                              LL_OC_MOBF        0.000000            0.000000 

                               LL_OC_BRS        48000.00            0.000000 

                               LL_E_HPWS        0.000000            0.000000 

                               LL_E_ACBF        0.000000            0.000000 

                               LL_E_MOBF        0.000000            0.000000 

                                LL_E_BRS        24.00000            0.000000 

                           LL_PTCH4_HPWS        0.000000            0.000000 

                           LL_PTCH4_ACBF        0.000000            0.000000 

                           LL_PTCH4_MOBF        0.000000            0.000000 

                            LL_PTCH4_BRS        387.1103            0.000000 

                                LL_PTCH4        387.1103            0.000000 

                            LL_PTBG_HPWS        0.000000            0.000000 

                            LL_PTBG_ACBF        0.000000            0.000000 

                            LL_PTBG_MOBF        0.000000            0.000000 

                             LL_PTBG_BRS        582.0114            0.000000 

                                 LL_PTBG        582.0114            0.000000 

                         LL_PTCH4_COMPBG        0.000000            1087.092 

                            LL_PTCH4_CHP        387.1103            0.000000 

                           LL_PTCH4_SELL        0.000000            682.5437 

                               LL_COMPBG        0.000000            0.000000 
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                             LL_PTBG_CHP        582.0114            0.000000 

                            LL_PTBG_SELL        0.000000            0.000000 

                             LL_COMPUNIT        0.000000            4170.000 

                              LL_CC_COMP        0.000000            0.000000 

                              LL_OC_COMP        0.000000            0.000000 

                               LL_E_COMP        0.000000            0.000000 

                           LL_COMPBG_PSA        0.000000            0.000000 

                            LL_COMPBG_AA        0.000000            0.000000 

                            LL_COMPBG_GM        0.000000            0.000000 

                            LL_COMPBG_CS        0.000000            0.000000 

                            LL_PTCH4_PSA        0.000000            0.000000 

                             LL_PTCH4_AA        0.000000            0.000000 

                             LL_PTCH4_GM        0.000000            0.000000 

                             LL_PTCH4_CS        0.000000            0.000000 

                              LL_PSAUNIT        0.000000           -401815.5 

                               LL_AAUNIT        0.000000           -404089.9 

                               LL_GMUNIT        0.000000           -417593.3 

                               LL_CSUNIT        0.000000           -397066.2 

                               LL_CC_PSA        0.000000            0.000000 

                                LL_CC_AA        0.000000            0.000000 

                                LL_CC_GM        0.000000            0.000000 

                                LL_CC_CS        0.000000            0.000000 

                               LL_OC_PSA        0.000000            0.000000 

                                LL_OC_AA        0.000000            0.000000 

                                LL_OC_GM        0.000000            0.000000 

                                LL_OC_CS        0.000000            0.000000 

                                LL_E_PSA        0.000000            0.000000 

                                 LL_E_AA        0.000000            0.000000 

                                 LL_E_GM        0.000000            0.000000 

                                 LL_E_CS        0.000000            0.000000 

                             LL_PCH4_PSA        0.000000            0.000000 

                              LL_PCH4_AA        0.000000            0.000000 

                              LL_PCH4_GM        0.000000            0.000000 

                              LL_PCH4_CS        0.000000            0.000000 

                              LL_PBG_PSA        0.000000            0.000000 

                               LL_PBG_AA        0.000000            0.000000 

                               LL_PBG_GM        0.000000            0.000000 

                               LL_PBG_CS        0.000000            0.000000 

                               LL_PBGTOT        0.000000            62.13767 

                               LL_LIQCO2        0.000000            0.000000 

                         LL_COMPRESSUNIT        0.000000            4170.000 

                          LL_CC_COMPRESS        0.000000            0.000000 

                          LL_OC_COMPRESS        0.000000            0.000000 

                           LL_E_COMPRESS        0.000000            0.000000 

                                  LL_CBG        0.000000            0.000000 

                              LL_CBG_LHV        0.000000            0.000000 

                               LL_GEUNIT        2.000000            10508.40 

                               LL_GTUNIT        0.000000            32317.50 

                              LL_FTBUNIT        0.000000            58380.00 

                              LL_WTBUNIT        0.000000            25020.00 

                              LL_PTBG_GE        582.0114            0.000000 

                              LL_PTBG_GT        0.000000            0.000000 

                             LL_PTBG_FTB        0.000000            0.000000 

                             LL_PTBG_WTB        0.000000            0.000000 

                             LL_PTCH4_GE        387.1103            0.000000 

                             LL_PTCH4_GT        0.000000            0.000000 

                            LL_PTCH4_FTB        0.000000            0.000000 

                            LL_PTCH4_WTB        0.000000            0.000000 

                              LL_EGEN_GE        1539.962            0.000000 

                              LL_EGEN_GT        0.000000            56.32785 

                           LL_MPSGEN_FTB        0.000000            147.8698 

                           LL_HPSGEN_WTB        0.000000            3965.070 

                                LL_CC_GE        630000.0            0.000000 

                                LL_CC_GT        0.000000            0.000000 

                               LL_CC_FTB        0.000000            0.000000 

                               LL_CC_WTB        0.000000            0.000000 

                                LL_OC_GE        50400.00            0.000000 

                                LL_OC_GT        0.000000            0.000000 
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                               LL_OC_FTB        0.000000            0.000000 

                               LL_OC_WTB        0.000000            0.000000 

                               LL_HOTAIR        11780.04            0.000000 

                             LL_HRSGUNIT        0.000000            18765.00 

                              LL_ST1UNIT        0.000000           -258623.4 

                              LL_ST2UNIT        0.000000           -127685.4 

                         LL_HOTAIR_HRSG1        0.000000            201.1144 

                         LL_HOTAIR_HRSG2        0.000000            207.4298 

                          LL_HOTAIR_SELL        11780.04            0.000000 

                       LL_MPSGEN_FTB_ST2        0.000000            0.000000 

                      LL_MPSGEN_FTB_SELL        0.000000            3813.048 

                           LL_MPSGEN_ST1        0.000000            0.000000 

                       LL_MPSGEN_ST1_ST2        0.000000            16.68000 

                      LL_MPSGEN_ST1_SELL        0.000000            0.000000 

                             LL_EGEN_ST1        0.000000            0.000000 

                             LL_EGEN_ST2        0.000000            0.000000 

                              LL_CC_HRSG        0.000000            0.000000 

                                LL_CC_ST        0.000000            0.000000 

                              LL_OC_HRSG        0.000000            0.000000 

                                LL_OC_ST        0.000000            0.000000 

                            LL_EGEN_HRSG        0.000000            0.000000 

                              LL_EGEN_ST        0.000000            0.000000 

                          LL_LPSGEN_HRSG        0.000000            0.000000 

                           LL_LPSGEN_ST2        0.000000            0.000000 

                          LL_MPSGEN_HRSG        0.000000            0.000000 

                            LL_ANPOMETOT        17.40875            0.000000 

                           LL_ANPOME_ALS        0.000000            20.77110 

                          LL_ANPOME_AEMB        0.000000            0.000000 

                           LL_ANPOME_SBR        0.000000            0.000000 

                           LL_ANPOME_EAS        17.40875            0.000000 

                        LL_ANPOME_AEMB_1        0.000000            0.000000 

                        LL_ANPOME_AEMB_2        0.000000            0.000000 

                         LL_ANPOME_SBR_1        0.000000            35.81224 

                         LL_ANPOME_SBR_2        0.000000            35.81224 

                         LL_ANPOME_EAS_1        0.000000            0.000000 

                         LL_ANPOME_EAS_2        17.40875            0.000000 

                              LL_ALSUNIT        0.000000            15516.40 

                           LL_AEMBUNIT_1        0.000000            21545.78 

                           LL_AEMBUNIT_2        0.000000            31690.36 

                            LL_SBRUNIT_1        0.000000            29687.73 

                            LL_SBRUNIT_2        0.000000            53039.73 

                            LL_EASUNIT_1        0.000000            12761.87 

                            LL_EASUNIT_2        1.000000            16306.37 

                           LL_A_CLARUNIT        1.000000            4303.774 

                               LL_CC_ALS        0.000000            0.000000 

                              LL_CC_AEMB        0.000000            0.000000 

                               LL_CC_SBR        0.000000            0.000000 

                               LL_CC_EAS        400000.0            0.000000 

                            LL_CC_A_CLAR        130000.0            0.000000 

                               LL_OC_ALS        0.000000            0.000000 

                              LL_OC_AEMB        0.000000            0.000000 

                               LL_OC_SBR        0.000000            0.000000 

                               LL_OC_EAS        20000.00            0.000000 

                            LL_OC_A_CLAR        6500.000            0.000000 

                                LL_E_ALS        0.000000            0.000000 

                               LL_E_AEMB        0.000000            0.000000 

                                LL_E_SBR        0.000000            0.000000 

                                LL_E_EAS        30.00000            0.000000 

                             LL_E_A_CLAR        6.000000            0.000000 

                            LL_APOME_ALS        0.000000            0.000000 

                           LL_APOME_AEMB        0.000000            0.000000 

                            LL_APOME_SBR        0.000000            0.000000 

                            LL_APOME_EAS        15.81933            0.000000 

                             LL_APOMETOT        15.81933            0.000000 

                               LL_WS_ALS        0.000000            0.000000 

                              LL_WS_AEMB        0.000000            0.000000 

                               LL_WS_SBR        0.000000            0.000000 

                               LL_WS_EAS        1.589419            0.000000 
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                                 LL_WS_A        1.589419            0.000000 

                             LL_APOME_PT        15.81933            0.000000 

                            LL_APOME_ECS        0.000000            0.000000 

                               LL_PTUNIT        1.000000            5537.093 

                              LL_ECSUNIT        0.000000            1806.511 

                                LL_CC_PT        100000.0            0.000000 

                               LL_CC_ECS        0.000000            0.000000 

                                LL_OC_PT        5000.000            0.000000 

                               LL_OC_ECS        0.000000            0.000000 

                                 LL_E_PT        13.00000            0.000000 

                                LL_E_ECS        0.000000            0.000000 

                                LL_TW_PT        15.02837            0.000000 

                              LL_BFW_ECS        0.000000            0.000000 

                          LL_OPEX_BIOGAS        346700.0            0.000000 

                          LL_ETOT_BIOGAS        106.0000            0.000000 

                               LL_LPSGEN        0.000000            0.000000 

                               LL_MPSGEN        0.000000            0.000000 

                                  LL_BFW        0.000000            0.000000 

                                 LL_EGEN        1539.962            0.000000 

                            LL_TW_BIOGAS        15.02837            0.000000 

                        LL_LIQCO2_BIOGAS        0.000000            0.000000 

                             MM_POME_POM        22.65752            0.000000 

                                   MM_WW        1.824829            0.000000 

                            MM_WS_BIOGAS        2.433105            0.000000 

                      MM_OILCONTENT_POME       0.2778562            0.000000 

                              MM_ORPUNIT        2.000000            1468.663 

                               MM_CC_ORP        50000.00            0.000000 

                               MM_OC_ORP        5000.000            0.000000 

                                MM_E_ORP        6.000000            0.000000 

                               MM_RO_ORP       0.2206972            0.000000 

                               MM_PTPOME        22.43682            0.000000 

                    MM_OILCONTENT_RO_ORP       0.1544881            0.000000 

                    MM_OILCONTENT_PTPOME       0.1233682            0.000000 

                               MM_CPUNIT        1.000000            2937.326 

                                MM_CC_CP        50000.00            0.000000 

                                MM_OC_CP        5000.000            0.000000 

                                 MM_E_CP        6.000000            0.000000 

                                MM_CPOME        22.43682            0.000000 

                             MM_CPOME_CL        0.000000            1881.624 

                            MM_CPOME_AMB        0.000000            0.000000 

                           MM_CPOME_UASB        0.000000            0.000000 

                          MM_CPOME_EGSBR        0.000000            0.000000 

                          MM_CPOME_UASFF        22.43682            0.000000 

                           MM_CPOME_CSTR        0.000000            3944.482 

                          MM_CPOME_AMB_1        0.000000            814.4987 

                          MM_CPOME_AMB_2        0.000000            814.4987 

                         MM_CPOME_UASB_1        0.000000            1809.260 

                         MM_CPOME_UASB_2        0.000000            1809.260 

                        MM_CPOME_EGSBR_1        0.000000            1455.980 

                        MM_CPOME_EGSBR_2        0.000000            1455.980 

                        MM_CPOME_UASFF_1        22.43682            0.000000 

                        MM_CPOME_UASFF_2        0.000000            0.000000 

                         MM_CPOME_CSTR_1        0.000000            0.000000 

                         MM_CPOME_CSTR_2        0.000000            0.000000 

                               MM_CLUNIT        0.000000            14462.32 

                             MM_CLARUNIT        0.000000            10336.85 

                            MM_AMBUNIT_1        0.000000            17441.74 

                           MM_UASBUNIT_1        0.000000            12184.07 

                          MM_EGSBRUNIT_1        0.000000            50210.81 

                          MM_UASFFUNIT_1        1.000000            74786.21 

                           MM_CSTRUNIT_1        0.000000            18284.63 

                            MM_AMBUNIT_2        0.000000            25833.34 

                           MM_UASBUNIT_2        0.000000            19776.47 

                          MM_EGSBRUNIT_2        0.000000            102475.2 

                          MM_UASFFUNIT_2        0.000000            157187.1 

                           MM_CSTRUNIT_2        0.000000            26409.83 

                                MM_CC_CL        0.000000            0.000000 

                               MM_CC_AMB        0.000000            0.000000 
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                              MM_CC_UASB        0.000000            0.000000 

                             MM_CC_EGSBR        0.000000            0.000000 

                             MM_CC_UASFF        460000.0            0.000000 

                              MM_CC_CSTR        0.000000            0.000000 

                                MM_OC_CL        0.000000            0.000000 

                               MM_OC_AMB        0.000000            0.000000 

                              MM_OC_UASB        0.000000            0.000000 

                             MM_OC_EGSBR        0.000000            0.000000 

                             MM_OC_UASFF        209300.0            0.000000 

                              MM_OC_CSTR        0.000000            0.000000 

                                 MM_E_CL        0.000000            0.000000 

                                MM_E_AMB        0.000000            0.000000 

                               MM_E_UASB        0.000000            0.000000 

                              MM_E_EGSBR        0.000000            0.000000 

                              MM_E_UASFF        24.00000            0.000000 

                               MM_E_CSTR        0.000000            0.000000 

                            MM_RAWCH4_CL        0.000000            0.000000 

                           MM_RAWCH4_AMB        0.000000            0.000000 

                          MM_RAWCH4_UASB        0.000000            0.000000 

                         MM_RAWCH4_EGSBR        0.000000            0.000000 

                         MM_RAWCH4_UASFF        532.0511            0.000000 

                          MM_RAWCH4_CSTR        0.000000            0.000000 

                               MM_RAWCH4        532.0511            0.000000 

                            MM_RAWCO2_CL        0.000000            0.000000 

                           MM_RAWCO2_AMB        0.000000            0.000000 

                          MM_RAWCO2_UASB        0.000000            0.000000 

                         MM_RAWCO2_EGSBR        0.000000            0.000000 

                         MM_RAWCO2_UASFF        207.9365            0.000000 

                          MM_RAWCO2_CSTR        0.000000            0.000000 

                               MM_RAWCO2        207.9365            0.000000 

                                MM_RAWBG        739.9876            0.000000 

                                MM_WS_AN       0.3141155            0.000000 

                               MM_ANPOME        21.38426            0.000000 

                          MM_RAWCH4_HPWS        0.000000            0.000000 

                          MM_RAWCH4_ACBF        0.000000            0.000000 

                          MM_RAWCH4_MOBF        0.000000            0.000000 

                           MM_RAWCH4_BRS        532.0511            0.000000 

                           MM_RAWBG_HPWS        0.000000            0.000000 

                           MM_RAWBG_ACBF        0.000000            4791.980 

                           MM_RAWBG_MOBF        0.000000            6657.639 

                            MM_RAWBG_BRS        739.9876            0.000000 

                             MM_HPWSUNIT        0.000000            36151.47 

                             MM_ACBFUNIT        0.000000            23691.70 

                             MM_MOBFUNIT        0.000000            10264.92 

                              MM_BRSUNIT        3.000000            10536.65 

                              MM_CC_HPWS        0.000000            0.000000 

                              MM_CC_ACBF        0.000000            0.000000 

                              MM_CC_MOBF        0.000000            0.000000 

                               MM_CC_BRS        600000.0            0.000000 

                              MM_OC_HPWS        0.000000            0.000000 

                              MM_OC_ACBF        0.000000            0.000000 

                              MM_OC_MOBF        0.000000            0.000000 

                               MM_OC_BRS        72000.00            0.000000 

                               MM_E_HPWS        0.000000            0.000000 

                               MM_E_ACBF        0.000000            0.000000 

                               MM_E_MOBF        0.000000            0.000000 

                                MM_E_BRS        36.00000            0.000000 

                           MM_PTCH4_HPWS        0.000000            0.000000 

                           MM_PTCH4_ACBF        0.000000            0.000000 

                           MM_PTCH4_MOBF        0.000000            0.000000 

                            MM_PTCH4_BRS        516.0895            0.000000 

                                MM_PTCH4        516.0895            0.000000 

                            MM_PTBG_HPWS        0.000000            0.000000 

                            MM_PTBG_ACBF        0.000000            0.000000 

                            MM_PTBG_MOBF        0.000000            0.000000 

                             MM_PTBG_BRS        775.9288            0.000000 

                                 MM_PTBG        775.9288            0.000000 

                         MM_PTCH4_COMPBG        0.000000            323.0567 
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                            MM_PTCH4_CHP        502.7531            0.000000 

                           MM_PTCH4_SELL        13.33647            0.000000 

                               MM_COMPBG        0.000000            0.000000 

                             MM_PTBG_CHP        775.9288            0.000000 

                            MM_PTBG_SELL        0.000000            0.000000 

                             MM_COMPUNIT        0.000000            3330.000 

                              MM_CC_COMP        0.000000            0.000000 

                              MM_OC_COMP        0.000000            0.000000 

                               MM_E_COMP        0.000000            0.000000 

                           MM_COMPBG_PSA        0.000000            0.000000 

                            MM_COMPBG_AA        0.000000            0.000000 

                            MM_COMPBG_GM        0.000000            0.000000 

                            MM_COMPBG_CS        0.000000            0.000000 

                            MM_PTCH4_PSA        0.000000            0.000000 

                             MM_PTCH4_AA        0.000000            0.000000 

                             MM_PTCH4_GM        0.000000            0.000000 

                             MM_PTCH4_CS        0.000000            0.000000 

                              MM_PSAUNIT        0.000000           -320874.3 

                               MM_AAUNIT        0.000000           -322690.5 

                               MM_GMUNIT        0.000000           -333473.8 

                               MM_CSUNIT        0.000000           -317081.6 

                               MM_CC_PSA        0.000000            0.000000 

                                MM_CC_AA        0.000000            0.000000 

                                MM_CC_GM        0.000000            0.000000 

                                MM_CC_CS        0.000000            0.000000 

                               MM_OC_PSA        0.000000            0.000000 

                                MM_OC_AA        0.000000            0.000000 

                                MM_OC_GM        0.000000            0.000000 

                                MM_OC_CS        0.000000            0.000000 

                                MM_E_PSA        0.000000            0.000000 

                                 MM_E_AA        0.000000            0.000000 

                                 MM_E_GM        0.000000            0.000000 

                                 MM_E_CS        0.000000            0.000000 

                             MM_PCH4_PSA        0.000000            0.000000 

                              MM_PCH4_AA        0.000000            0.000000 

                              MM_PCH4_GM        0.000000            0.000000 

                              MM_PCH4_CS        0.000000            0.000000 

                              MM_PBG_PSA        0.000000            0.000000 

                               MM_PBG_AA        0.000000            0.000000 

                               MM_PBG_GM        0.000000            0.000000 

                               MM_PBG_CS        0.000000            0.000000 

                               MM_PBGTOT        0.000000            49.62073 

                               MM_LIQCO2        0.000000            0.000000 

                         MM_COMPRESSUNIT        0.000000            3330.000 

                          MM_CC_COMPRESS        0.000000            0.000000 

                          MM_OC_COMPRESS        0.000000            0.000000 

                           MM_E_COMPRESS        0.000000            0.000000 

                                  MM_CBG        0.000000            0.000000 

                              MM_CBG_LHV        0.000000            0.000000 

                               MM_GEUNIT        2.000000           -128621.9 

                               MM_GTUNIT        0.000000           -95288.25 

                              MM_FTBUNIT        0.000000            46620.00 

                              MM_WTBUNIT        0.000000            19980.00 

                              MM_PTBG_GE        775.9288            0.000000 

                              MM_PTBG_GT        0.000000            0.000000 

                             MM_PTBG_FTB        0.000000            0.000000 

                             MM_PTBG_WTB        0.000000            0.000000 

                             MM_PTCH4_GE        502.7531            0.000000 

                             MM_PTCH4_GT        0.000000            0.000000 

                            MM_PTCH4_FTB        0.000000            0.000000 

                            MM_PTCH4_WTB        0.000000            0.000000 

                              MM_EGEN_GE        2000.000            0.000000 

                              MM_EGEN_GT        0.000000            0.000000 

                           MM_MPSGEN_FTB        0.000000            41.78674 

                           MM_HPSGEN_WTB        0.000000            3087.912 

                                MM_CC_GE        630000.0            0.000000 

                                MM_CC_GT        0.000000            0.000000 

                               MM_CC_FTB        0.000000            0.000000 
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                               MM_CC_WTB        0.000000            0.000000 

                                MM_OC_GE        50400.00            0.000000 

                                MM_OC_GT        0.000000            0.000000 

                               MM_OC_FTB        0.000000            0.000000 

                               MM_OC_WTB        0.000000            0.000000 

                               MM_HOTAIR        15299.14            0.000000 

                             MM_HRSGUNIT        0.000000            14985.00 

                              MM_ST1UNIT        0.000000           -206526.6 

                              MM_ST2UNIT        0.000000           -101964.6 

                         MM_HOTAIR_HRSG1        0.000000            160.6021 

                         MM_HOTAIR_HRSG2        0.000000            165.6454 

                          MM_HOTAIR_SELL        15299.14            0.000000 

                       MM_MPSGEN_FTB_ST2        0.000000            0.000000 

                      MM_MPSGEN_FTB_SELL        0.000000            3044.952 

                           MM_MPSGEN_ST1        0.000000            0.000000 

                       MM_MPSGEN_ST1_ST2        0.000000            13.32000 

                      MM_MPSGEN_ST1_SELL        0.000000            0.000000 

                             MM_EGEN_ST1        0.000000            0.000000 

                             MM_EGEN_ST2        0.000000            0.000000 

                              MM_CC_HRSG        0.000000            0.000000 

                                MM_CC_ST        0.000000            0.000000 

                              MM_OC_HRSG        0.000000            0.000000 

                                MM_OC_ST        0.000000            0.000000 

                            MM_EGEN_HRSG        0.000000            0.000000 

                              MM_EGEN_ST        0.000000            0.000000 

                          MM_LPSGEN_HRSG        0.000000            0.000000 

                           MM_LPSGEN_ST2        0.000000            0.000000 

                          MM_MPSGEN_HRSG        0.000000            0.000000 

                            MM_ANPOMETOT        23.20908            0.000000 

                           MM_ANPOME_ALS        0.000000            16.58699 

                          MM_ANPOME_AEMB        0.000000            0.000000 

                           MM_ANPOME_SBR        0.000000            0.000000 

                           MM_ANPOME_EAS        23.20908            0.000000 

                        MM_ANPOME_AEMB_1        0.000000            0.000000 

                        MM_ANPOME_AEMB_2        0.000000            0.000000 

                         MM_ANPOME_SBR_1        0.000000            28.59827 

                         MM_ANPOME_SBR_2        0.000000            28.59827 

                         MM_ANPOME_EAS_1        0.000000            0.000000 

                         MM_ANPOME_EAS_2        23.20908            0.000000 

                              MM_ALSUNIT        0.000000            12390.80 

                           MM_AEMBUNIT_1        0.000000            17205.62 

                           MM_AEMBUNIT_2        0.000000            25306.69 

                            MM_SBRUNIT_1        0.000000            23707.47 

                            MM_SBRUNIT_2        0.000000            42355.47 

                            MM_EASUNIT_1        0.000000            10191.13 

                            MM_EASUNIT_2        1.000000            13021.63 

                           MM_A_CLARUNIT        1.000000            3436.826 

                               MM_CC_ALS        0.000000            0.000000 

                              MM_CC_AEMB        0.000000            0.000000 

                               MM_CC_SBR        0.000000            0.000000 

                               MM_CC_EAS        400000.0            0.000000 

                            MM_CC_A_CLAR        130000.0            0.000000 

                               MM_OC_ALS        0.000000            0.000000 

                              MM_OC_AEMB        0.000000            0.000000 

                               MM_OC_SBR        0.000000            0.000000 

                               MM_OC_EAS        20000.00            0.000000 

                            MM_OC_A_CLAR        6500.000            0.000000 

                                MM_E_ALS        0.000000            0.000000 

                               MM_E_AEMB        0.000000            0.000000 

                                MM_E_SBR        0.000000            0.000000 

                                MM_E_EAS        30.00000            0.000000 

                             MM_E_A_CLAR        6.000000            0.000000 

                            MM_APOME_ALS        0.000000            0.000000 

                           MM_APOME_AEMB        0.000000            0.000000 

                            MM_APOME_SBR        0.000000            0.000000 

                            MM_APOME_EAS        21.09010            0.000000 

                             MM_APOMETOT        21.09010            0.000000 

                               MM_WS_ALS        0.000000            0.000000 
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                              MM_WS_AEMB        0.000000            0.000000 

                               MM_WS_SBR        0.000000            0.000000 

                               MM_WS_EAS        2.118989            0.000000 

                                 MM_WS_A        2.118989            0.000000 

                             MM_APOME_PT        21.09010            0.000000 

                            MM_APOME_ECS        0.000000            0.000000 

                               MM_PTUNIT        1.000000            4421.707 

                              MM_ECSUNIT        0.000000            1442.609 

                                MM_CC_PT        100000.0            0.000000 

                               MM_CC_ECS        0.000000            0.000000 

                                MM_OC_PT        5000.000            0.000000 

                               MM_OC_ECS        0.000000            0.000000 

                                 MM_E_PT        13.00000            0.000000 

                                MM_E_ECS        0.000000            0.000000 

                                MM_TW_PT        20.03559            0.000000 

                              MM_BFW_ECS        0.000000            0.000000 

                          MM_OPEX_BIOGAS        373200.0            0.000000 

                          MM_ETOT_BIOGAS        121.0000            0.000000 

                               MM_LPSGEN        0.000000            0.000000 

                               MM_MPSGEN        0.000000            0.000000 

                                  MM_BFW        0.000000            0.000000 

                                 MM_EGEN        2000.000            0.000000 

                            MM_TW_BIOGAS        20.03559            0.000000 

                        MM_LIQCO2_BIOGAS        0.000000            0.000000 

                             HH_POME_POM        32.10083            0.000000 

                                   HH_WW        2.585424            0.000000 

                            HH_WS_BIOGAS        3.447232            0.000000 

                      HH_OILCONTENT_POME       0.3931312            0.000000 

                              HH_ORPUNIT        2.000000            3511.157 

                               HH_CC_ORP        50000.00            0.000000 

                               HH_OC_ORP        5000.000            0.000000 

                                HH_E_ORP        6.000000            0.000000 

                               HH_RO_ORP       0.3122585            0.000000 

                               HH_PTPOME        31.78857            0.000000 

                    HH_OILCONTENT_RO_ORP       0.2185810            0.000000 

                    HH_OILCONTENT_PTPOME       0.1745503            0.000000 

                               HH_CPUNIT        1.000000            7022.314 

                                HH_CC_CP        50000.00            0.000000 

                                HH_OC_CP        5000.000            0.000000 

                                 HH_E_CP        6.000000            0.000000 

                                HH_CPOME        31.78857            0.000000 

                             HH_CPOME_CL        0.000000            3988.170 

                            HH_CPOME_AMB        0.000000            0.000000 

                           HH_CPOME_UASB        0.000000            0.000000 

                          HH_CPOME_EGSBR        0.000000            0.000000 

                          HH_CPOME_UASFF        31.78857            0.000000 

                           HH_CPOME_CSTR        0.000000            8379.043 

                          HH_CPOME_AMB_1        0.000000            1729.894 

                          HH_CPOME_AMB_2        0.000000            1729.894 

                         HH_CPOME_UASB_1        0.000000            3834.094 

                         HH_CPOME_UASB_2        0.000000            3834.094 

                        HH_CPOME_EGSBR_1        0.000000            3091.645 

                        HH_CPOME_EGSBR_2        0.000000            3091.645 

                        HH_CPOME_UASFF_1        31.78857            0.000000 

                        HH_CPOME_UASFF_2        0.000000            0.000000 

                         HH_CPOME_CSTR_1        0.000000            0.000000 

                         HH_CPOME_CSTR_2        0.000000            0.000000 

                               HH_CLUNIT        0.000000            25308.94 

                             HH_CLARUNIT        0.000000            32809.40 

                            HH_AMBUNIT_1        0.000000            51631.32 

                           HH_UASBUNIT_1        0.000000            40940.16 

                          HH_EGSBRUNIT_1        0.000000            76232.72 

                          HH_UASFFUNIT_1        1.000000            100463.3 

                           HH_CSTRUNIT_1        0.000000            48410.42 

                            HH_AMBUNIT_2        0.000000            88279.14 

                           HH_UASBUNIT_2        0.000000            74097.71 

                          HH_EGSBRUNIT_2        0.000000            151116.9 

                          HH_UASFFUNIT_2        0.000000            204716.4 
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                           HH_CSTRUNIT_2        0.000000            83894.82 

                                HH_CC_CL        0.000000            0.000000 

                               HH_CC_AMB        0.000000            0.000000 

                              HH_CC_UASB        0.000000            0.000000 

                             HH_CC_EGSBR        0.000000            0.000000 

                             HH_CC_UASFF        460000.0            0.000000 

                              HH_CC_CSTR        0.000000            0.000000 

                                HH_OC_CL        0.000000            0.000000 

                               HH_OC_AMB        0.000000            0.000000 

                              HH_OC_UASB        0.000000            0.000000 

                             HH_OC_EGSBR        0.000000            0.000000 

                             HH_OC_UASFF        209300.0            0.000000 

                              HH_OC_CSTR        0.000000            0.000000 

                                 HH_E_CL        0.000000            0.000000 

                                HH_E_AMB        0.000000            0.000000 

                               HH_E_UASB        0.000000            0.000000 

                              HH_E_EGSBR        0.000000            0.000000 

                              HH_E_UASFF        24.00000            0.000000 

                               HH_E_CSTR        0.000000            0.000000 

                            HH_RAWCH4_CL        0.000000            0.000000 

                           HH_RAWCH4_AMB        0.000000            0.000000 

                          HH_RAWCH4_UASB        0.000000            0.000000 

                         HH_RAWCH4_EGSBR        0.000000            0.000000 

                         HH_RAWCH4_UASFF        753.8118            0.000000 

                          HH_RAWCH4_CSTR        0.000000            0.000000 

                               HH_RAWCH4        753.8118            0.000000 

                            HH_RAWCO2_CL        0.000000            0.000000 

                           HH_RAWCO2_AMB        0.000000            0.000000 

                          HH_RAWCO2_UASB        0.000000            0.000000 

                         HH_RAWCO2_EGSBR        0.000000            0.000000 

                         HH_RAWCO2_UASFF        294.6052            0.000000 

                          HH_RAWCO2_CSTR        0.000000            0.000000 

                               HH_RAWCO2        294.6052            0.000000 

                                HH_RAWBG        1048.417            0.000000 

                                HH_WS_AN       0.4450399            0.000000 

                               HH_ANPOME        30.29729            0.000000 

                          HH_RAWCH4_HPWS        0.000000            0.000000 

                          HH_RAWCH4_ACBF        0.000000            0.000000 

                          HH_RAWCH4_MOBF        0.000000            0.000000 

                           HH_RAWCH4_BRS        753.8118            0.000000 

                           HH_RAWBG_HPWS        0.000000            0.000000 

                           HH_RAWBG_ACBF        0.000000            3593.170 

                           HH_RAWBG_MOBF        0.000000            4994.991 

                            HH_RAWBG_BRS        1048.417            0.000000 

                             HH_HPWSUNIT        0.000000            100684.0 

                             HH_ACBFUNIT        0.000000            51506.36 

                             HH_MOBFUNIT        0.000000            46243.32 

                              HH_BRSUNIT        4.000000            27178.86 

                              HH_CC_HPWS        0.000000            0.000000 

                              HH_CC_ACBF        0.000000            0.000000 

                              HH_CC_MOBF        0.000000            0.000000 

                               HH_CC_BRS        800000.0            0.000000 

                              HH_OC_HPWS        0.000000            0.000000 

                              HH_OC_ACBF        0.000000            0.000000 

                              HH_OC_MOBF        0.000000            0.000000 

                               HH_OC_BRS        96000.00            0.000000 

                               HH_E_HPWS        0.000000            0.000000 

                               HH_E_ACBF        0.000000            0.000000 

                               HH_E_MOBF        0.000000            0.000000 

                                HH_E_BRS        48.00000            0.000000 

                           HH_PTCH4_HPWS        0.000000            0.000000 

                           HH_PTCH4_ACBF        0.000000            0.000000 

                           HH_PTCH4_MOBF        0.000000            0.000000 

                            HH_PTCH4_BRS        731.1975            0.000000 

                                HH_PTCH4        731.1975            0.000000 

                            HH_PTBG_HPWS        0.000000            0.000000 

                            HH_PTBG_ACBF        0.000000            0.000000 

                            HH_PTBG_MOBF        0.000000            0.000000 
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                             HH_PTBG_BRS        1099.339            0.000000 

                                 HH_PTBG        1099.339            0.000000 

                         HH_PTCH4_COMPBG        0.000000            651.7339 

                            HH_PTCH4_CHP        731.1975            0.000000 

                           HH_PTCH4_SELL        0.000000            409.1989 

                               HH_COMPBG        0.000000            0.000000 

                             HH_PTBG_CHP        1099.339            0.000000 

                            HH_PTBG_SELL        0.000000            0.000000 

                             HH_COMPUNIT        0.000000            22731.88 

                              HH_CC_COMP        0.000000            0.000000 

                              HH_OC_COMP        0.000000            0.000000 

                               HH_E_COMP        0.000000            0.000000 

                           HH_COMPBG_PSA        0.000000            0.000000 

                            HH_COMPBG_AA        0.000000            0.000000 

                            HH_COMPBG_GM        0.000000            0.000000 

                            HH_COMPBG_CS        0.000000            0.000000 

                            HH_PTCH4_PSA        0.000000            0.000000 

                             HH_PTCH4_AA        0.000000            0.000000 

                             HH_PTCH4_GM        0.000000            0.000000 

                             HH_PTCH4_CS        0.000000            0.000000 

                              HH_PSAUNIT        0.000000           -221628.1 

                               HH_AAUNIT        0.000000           -229735.6 

                               HH_GMUNIT        0.000000           -234940.9 

                               HH_CSUNIT        0.000000           -189878.1 

                               HH_CC_PSA        0.000000            0.000000 

                                HH_CC_AA        0.000000            0.000000 

                                HH_CC_GM        0.000000            0.000000 

                                HH_CC_CS        0.000000            0.000000 

                               HH_OC_PSA        0.000000            0.000000 

                                HH_OC_AA        0.000000            0.000000 

                                HH_OC_GM        0.000000            0.000000 

                                HH_OC_CS        0.000000            0.000000 

                                HH_E_PSA        0.000000            0.000000 

                                 HH_E_AA        0.000000            0.000000 

                                 HH_E_GM        0.000000            0.000000 

                                 HH_E_CS        0.000000            0.000000 

                             HH_PCH4_PSA        0.000000            0.000000 

                              HH_PCH4_AA        0.000000            0.000000 

                              HH_PCH4_GM        0.000000            0.000000 

                              HH_PCH4_CS        0.000000            0.000000 

                              HH_PBG_PSA        0.000000            0.000000 

                               HH_PBG_AA        0.000000            0.000000 

                               HH_PBG_GM        0.000000            0.000000 

                               HH_PBG_CS        0.000000            0.000000 

                               HH_PBGTOT        0.000000            37.25280 

                               HH_LIQCO2        0.000000            0.000000 

                         HH_COMPRESSUNIT        0.000000            26585.57 

                          HH_CC_COMPRESS        0.000000            0.000000 

                          HH_OC_COMPRESS        0.000000            0.000000 

                           HH_E_COMPRESS        0.000000            0.000000 

                                  HH_CBG        0.000000            0.000000 

                              HH_CBG_LHV        0.000000            0.000000 

                               HH_GEUNIT        3.000000            36647.82 

                               HH_GTUNIT        0.000000            168705.5 

                              HH_FTBUNIT        0.000000            372198.0 

                              HH_WTBUNIT        0.000000            159513.4 

                              HH_PTBG_GE        1099.339            0.000000 

                              HH_PTBG_GT        0.000000            0.000000 

                             HH_PTBG_FTB        0.000000            0.000000 

                             HH_PTBG_WTB        0.000000            0.000000 

                             HH_PTCH4_GE        731.1975            0.000000 

                             HH_PTCH4_GT        0.000000            0.000000 

                            HH_PTCH4_FTB        0.000000            0.000000 

                            HH_PTCH4_WTB        0.000000            0.000000 

                              HH_EGEN_GE        2908.774            0.000000 

                              HH_EGEN_GT        0.000000            33.76970 

                           HH_MPSGEN_FTB        0.000000            88.65098 

                           HH_HPSGEN_WTB        0.000000            2377.140 
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                                HH_CC_GE        945000.0            0.000000 

                                HH_CC_GT        0.000000            0.000000 

                               HH_CC_FTB        0.000000            0.000000 

                               HH_CC_WTB        0.000000            0.000000 

                                HH_OC_GE        75600.00            0.000000 

                                HH_OC_GT        0.000000            0.000000 

                               HH_OC_FTB        0.000000            0.000000 

                               HH_OC_WTB        0.000000            0.000000 

                               HH_HOTAIR        22250.86            0.000000 

                             HH_HRSGUNIT        0.000000            83506.72 

                              HH_ST1UNIT        0.000000           -75085.90 

                              HH_ST2UNIT        0.000000           -17781.20 

                         HH_HOTAIR_HRSG1        0.000000            120.5722 

                         HH_HOTAIR_HRSG2        0.000000            124.3584 

                          HH_HOTAIR_SELL        22250.86            0.000000 

                       HH_MPSGEN_FTB_ST2        0.000000            0.000000 

                      HH_MPSGEN_FTB_SELL        0.000000            2286.000 

                           HH_MPSGEN_ST1        0.000000            0.000000 

                       HH_MPSGEN_ST1_ST2        0.000000            10.00000 

                      HH_MPSGEN_ST1_SELL        0.000000            0.000000 

                             HH_EGEN_ST1        0.000000            0.000000 

                             HH_EGEN_ST2        0.000000            0.000000 

                              HH_CC_HRSG        0.000000            0.000000 

                                HH_CC_ST        0.000000            0.000000 

                              HH_OC_HRSG        0.000000            0.000000 

                                HH_OC_ST        0.000000            0.000000 

                            HH_EGEN_HRSG        0.000000            0.000000 

                              HH_EGEN_ST        0.000000            0.000000 

                          HH_LPSGEN_HRSG        0.000000            0.000000 

                           HH_LPSGEN_ST2        0.000000            0.000000 

                          HH_MPSGEN_HRSG        0.000000            0.000000 

                            HH_ANPOMETOT        32.88271            0.000000 

                           HH_ANPOME_ALS        0.000000            12.45270 

                          HH_ANPOME_AEMB        0.000000            0.000000 

                           HH_ANPOME_SBR        0.000000            0.000000 

                           HH_ANPOME_EAS        32.88271            0.000000 

                        HH_ANPOME_AEMB_1        0.000000            0.000000 

                        HH_ANPOME_AEMB_2        0.000000            0.000000 

                         HH_ANPOME_SBR_1        0.000000            21.47017 

                         HH_ANPOME_SBR_2        0.000000            21.47017 

                         HH_ANPOME_EAS_1        0.000000            0.000000 

                         HH_ANPOME_EAS_2        32.88271            0.000000 

                              HH_ALSUNIT        0.000000            22790.32 

                           HH_AEMBUNIT_1        0.000000            51454.05 

                           HH_AEMBUNIT_2        0.000000            87883.76 

                            HH_SBRUNIT_1        0.000000            121848.1 

                            HH_SBRUNIT_2        0.000000            243751.4 

                            HH_EASUNIT_1        0.000000            29809.73 

                            HH_EASUNIT_2        1.000000            48312.92 

                           HH_A_CLARUNIT        1.000000            15104.70 

                               HH_CC_ALS        0.000000            0.000000 

                              HH_CC_AEMB        0.000000            0.000000 

                               HH_CC_SBR        0.000000            0.000000 

                               HH_CC_EAS        400000.0            0.000000 

                            HH_CC_A_CLAR        130000.0            0.000000 

                               HH_OC_ALS        0.000000            0.000000 

                              HH_OC_AEMB        0.000000            0.000000 

                               HH_OC_SBR        0.000000            0.000000 

                               HH_OC_EAS        20000.00            0.000000 

                            HH_OC_A_CLAR        6500.000            0.000000 

                                HH_E_ALS        0.000000            0.000000 

                               HH_E_AEMB        0.000000            0.000000 

                                HH_E_SBR        0.000000            0.000000 

                                HH_E_EAS        30.00000            0.000000 

                             HH_E_A_CLAR        6.000000            0.000000 

                            HH_APOME_ALS        0.000000            0.000000 

                           HH_APOME_AEMB        0.000000            0.000000 

                            HH_APOME_SBR        0.000000            0.000000 
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                            HH_APOME_EAS        29.88052            0.000000 

                             HH_APOMETOT        29.88052            0.000000 

                               HH_WS_ALS        0.000000            0.000000 

                              HH_WS_AEMB        0.000000            0.000000 

                               HH_WS_SBR        0.000000            0.000000 

                               HH_WS_EAS        3.002192            0.000000 

                                 HH_WS_A        3.002192            0.000000 

                             HH_APOME_PT        29.88052            0.000000 

                            HH_APOME_ECS        0.000000            0.000000 

                               HH_PTUNIT        1.000000            12953.83 

                              HH_ECSUNIT        0.000000            20351.50 

                                HH_CC_PT        100000.0            0.000000 

                               HH_CC_ECS        0.000000            0.000000 

                                HH_OC_PT        5000.000            0.000000 

                               HH_OC_ECS        0.000000            0.000000 

                                 HH_E_PT        13.00000            0.000000 

                                HH_E_ECS        0.000000            0.000000 

                                HH_TW_PT        28.38649            0.000000 

                              HH_BFW_ECS        0.000000            0.000000 

                          HH_OPEX_BIOGAS        422400.0            0.000000 

                          HH_ETOT_BIOGAS        133.0000            0.000000 

                               HH_LPSGEN        0.000000            0.000000 

                               HH_MPSGEN        0.000000            0.000000 

                                  HH_BFW        0.000000            0.000000 

                                 HH_EGEN        2908.774            0.000000 

                            HH_TW_BIOGAS        28.38649            0.000000 

                        HH_LIQCO2_BIOGAS        0.000000            0.000000 

 

A.2.4.3. Scenario 2 (Lingo Codes) 

!OBJECTIVE FUNCTION; 

MAX = EP_BIOGASTOT; 

 

BIOGAS = 8 * 0.668/0.99 * (0.417 * LL_PCH4TOT + 0.333 * MM_PCH4TOT + 0.25 * HH_PCH4TOT);

      !T/Y; 

E_SELL = (0.417 * LL_E_SELL  + 0.333 * MM_E_SELL  + 0.25 * HH_E_SELL);  

      !KW; 

 

GP = GP_BIOGASTOT + 50430.6 * CER; !US$/Y; 

@FREE(GP); 

 

!ECONOMIC POTENTIAL (EP) IN US$/Y CALCULATIONS; 

EP_BIOGASTOT = GP - (HH_CAPEX_BIOGAS * 0.09634229); 

@FREE(EP_BIOGASTOT); 

 

GP_BIOGASTOT =(LL_GP_BIOGAS * 0.417) + (MM_GP_BIOGAS * 0.333) + (HH_GP_BIOGAS * 0.25); 

@FREE(GP_BIOGASTOT); 

 

!ECONOMIC POTENTIAL (EP) IN US$/Y BREAKDOWN CALCULATIONS; 

LL_EP_BIOGAS = LL_GP_BIOGAS - (LL_CAPEX_BIOGAS * 0.09634229);  @FREE(LL_EP_BIOGAS); 

MM_EP_BIOGAS = MM_GP_BIOGAS - (MM_CAPEX_BIOGAS * 0.09634229);  @FREE(MM_EP_BIOGAS); 

HH_EP_BIOGAS = HH_GP_BIOGAS - (HH_CAPEX_BIOGAS * 0.09634229);  @FREE(HH_EP_BIOGAS); 

 

!PRODUCTS SELLING PRICE; 

ENERGY_PRICE     = 0.003355 ;  !US$/MJ(FIXED); 

BIOMETHANE_PRICE = 0.005813 ;  !US$/MJ(FIXED); 

LIQCO2_PRICE     = 0        ;  !US$/KG(FIXED); 

E_PRICE          = 0        ;  !US$/KW(FIXED) ; 

MPS_PRICE        = 0.017    ;  !US$/KG(FIXED); 

LPS_PRICE        = 0.012    ;  !US$/KG(FIXED); 

BFW_PRICE        = 1.16     ;  !US$/T (FIXED); 

SLUDGE_PRICE     = 2        ;  !US$/T (FIXED); 

CER       = 0        ;  !US$/T  

 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 
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!WASTEWATER AND BIOGAS SECTION; 

!@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@@; 

 

!RAW MATERIALS INPUT; 

LL_POMETOT    = 31255; 

MM_POMETOT    = 41669; 

HH_POMETOT    = 59036; 

 

LL_OILCONTENT = 383  ; 

MM_OILCONTENT = 511  ; 

HH_OILCONTENT = 723  ; 

 

!XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX; 

!LOW SEASON; 

!XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX; 

 

!TO LINEARISE THE FEED INPUT ACROSS THE YEAR (T/H); 

LL_POME_POM * 1000 = 0.54375 * LL_POMETOT  ; 

LL_WW              = 0.75    * LL_WS_BIOGAS; 

 

LL_OILCONTENT_POME * 1000 = 0.54375 * LL_OILCONTENT; !IN T/H; 

 

!---------------------------------------------------------------------------------; 

!OIL RECOVERY PIT (ORP); 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_ORPUNIT); 

 

LL_ORPUNIT * 800 >= (1.5 * 24 * LL_POME_POM); !RETENTION TIME=1.5DAYS; 

 

LL_CC_ORP  =  25000 * LL_ORPUNIT; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_ORP = 2500 * LL_ORPUNIT; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_ORP  = 3 * LL_ORPUNIT; 

 

!CONVERSION; 

LL_RO_ORP * 0.7 = 0.556 * LL_OILCONTENT_POME; !RO=RECOVERED OIL; 

LL_PTPOME       = LL_POME_POM - LL_RO_ORP   ; !PTPOME=PRETREATED POME; 

 

!OIL CONTENT; 

LL_OILCONTENT_RO_ORP    = 0.556 * LL_OILCONTENT_POME; 

 

LL_OILCONTENT_PTPOME    = LL_OILCONTENT_POME - LL_OILCONTENT_RO_ORP; 

 

!---------------------------------------------------------------------------------; 

!COOLING POND; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_CPUNIT); 

 

LL_CPUNIT * 2400 >= 72 * LL_PTPOME;  !RETENTION TIME=3DAYS; 

 

LL_CC_CP  =  50000 * LL_CPUNIT; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_CP = 5000 * LL_CPUNIT; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_CP  = 6 * LL_CPUNIT; 

 

!CONVERSION; 

LL_CPOME  = LL_PTPOME; 

 

!---------------------------------------------------------------------------------; 

!ANAEROBIC DIGESTION; 
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!FEED SPLITTING; 

LL_CPOME = LL_CPOME_CL + LL_CPOME_AMB + LL_CPOME_UASB + LL_CPOME_EGSBR + 

LL_CPOME_UASFF + LL_CPOME_CSTR; 

 

LL_CPOME_AMB   = LL_CPOME_AMB_1   + LL_CPOME_AMB_2  ; 

LL_CPOME_UASB  = LL_CPOME_UASB_1  + LL_CPOME_UASB_2 ; 

LL_CPOME_EGSBR = LL_CPOME_EGSBR_1 + LL_CPOME_EGSBR_2; 

LL_CPOME_UASFF = LL_CPOME_UASFF_1 + LL_CPOME_UASFF_2; 

LL_CPOME_CSTR  = LL_CPOME_CSTR_1  + LL_CPOME_CSTR_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_CLUNIT);  @GIN(LL_CLARUNIT);  @GIN(LL_AMBUNIT_1); 

@GIN(LL_UASBUNIT_1); @GIN(LL_EGSBRUNIT_1); @GIN(LL_UASFFUNIT_1); 

@GIN(LL_CSTRUNIT_1); @GIN(LL_AMBUNIT_2);  @GIN(LL_UASBUNIT_2); 

@GIN(LL_EGSBRUNIT_2); @GIN(LL_UASFFUNIT_2); @GIN(LL_CSTRUNIT_2); 

 

LL_CLUNIT      * 5408 >= 40   * 24 *  LL_CPOME_CL                 ; 

LL_AMBUNIT_1   * 2300 >= 20.6 * 24 *  LL_CPOME_AMB_1              ; 

LL_AMBUNIT_2   * 5130 >= 20.6 * 24 *  LL_CPOME_AMB_2              ; 

LL_UASBUNIT_1  * 2300 >= 4    * 24 *  LL_CPOME_UASB_1             ; 

LL_UASBUNIT_2  * 5130 >= 4    * 24 *  LL_CPOME_UASB_2             ; 

LL_EGSBRUNIT_1 * 2300 >= 9.8  * 24 *  LL_CPOME_EGSBR_1            ; 

LL_EGSBRUNIT_2 * 5130 >= 9.8  * 24 *  LL_CPOME_EGSBR_2            ; 

LL_UASFFUNIT_1 * 2300 >= 3    * 24 *  LL_CPOME_UASFF_1            ; 

LL_UASFFUNIT_2 * 5130 >= 3    * 24 *  LL_CPOME_UASFF_2            ; 

LL_CSTRUNIT_1  * 2300 >= 18   * 24 *  LL_CPOME_CSTR_1             ; 

LL_CSTRUNIT_2  * 5130 >= 18   * 24 *  LL_CPOME_CSTR_2             ; 

LL_CLARUNIT    * 2300 >= 1.2  * 24 * (LL_CPOME_CL + LL_CPOME_CSTR); 

 

LL_CC_CL    = 150000 * LL_CLUNIT + 130000 * LL_CLARUNIT        ; 

LL_CC_AMB   = 400000 * LL_AMBUNIT_1   + 715000 * LL_AMBUNIT_2  ; 

LL_CC_UASB  = 330000 * LL_UASBUNIT_1  + 615000 * LL_UASBUNIT_2 ; 

LL_CC_EGSBR = 400000 * LL_EGSBRUNIT_1 + 770000 * LL_EGSBRUNIT_2; 

LL_CC_UASFF = 460000 * LL_UASFFUNIT_1 + 900000 * LL_UASFFUNIT_2; 

LL_CC_CSTR  = 360000 * LL_CSTRUNIT_1  + 665000 * LL_CSTRUNIT_2  + 130000 * LL_CLARUNIT; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_CL    = 25600 * LL_CLUNIT   + 6500 * LL_CLARUNIT; 

LL_OC_AMB   = 0.08  * LL_CC_AMB                       ; 

LL_OC_UASB  = 0.08  * LL_CC_UASB                      ; 

LL_OC_EGSBR = 0.08  * LL_CC_EGSBR + 150  * 0.3  * (2300 * LL_EGSBRUNIT_1 + 5130 * 

LL_EGSBRUNIT_2); 

LL_OC_UASFF = 0.08  * LL_CC_UASFF + 250  * 0.3  * (2300 * LL_UASFFUNIT_1 + 5130 * 

LL_UASFFUNIT_2); 

LL_OC_CSTR  = 0.08  * LL_CC_CSTR  + 6500 * LL_CLARUNIT; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_CL    = 28 *  LL_CLUNIT                        + 6 * LL_CLARUNIT; 

LL_E_AMB   = 32 * (LL_AMBUNIT_1   + LL_AMBUNIT_2  )                  ; 

LL_E_UASB  = 16 * (LL_UASBUNIT_1  + LL_UASBUNIT_2 )                  ; 

LL_E_EGSBR = 24 * (LL_EGSBRUNIT_1 + LL_EGSBRUNIT_2)                  ; 

LL_E_UASFF = 24 * (LL_UASFFUNIT_1 + LL_UASFFUNIT_2)                  ; 

LL_E_CSTR  = 41 * (LL_CSTRUNIT_1  + LL_CSTRUNIT_2 ) + 6 * LL_CLARUNIT; 

 

!CONVERSION (M3/H); 

LL_RAWCH4_CL    = 0.238 * 0.978  * 74 * LL_CPOME_CL    ; 

LL_RAWCH4_AMB   = 0.29  * 0.9737 * 74 * LL_CPOME_AMB   ; 

LL_RAWCH4_UASB  = 0.24  * 0.984  * 74 * LL_CPOME_UASB  ; 

LL_RAWCH4_EGSBR = 0.266 * 0.9489 * 74 * LL_CPOME_EGSBR ; 

LL_RAWCH4_UASFF = 0.325 * 0.986  * 74 * LL_CPOME_UASFF ; 

LL_RAWCH4_CSTR  = 0.17  * 0.8    * 74 * LL_CPOME_CSTR  ; 

 

LL_RAWCH4       = LL_RAWCH4_CL + LL_RAWCH4_AMB + LL_RAWCH4_UASB + LL_RAWCH4_EGSBR + 

LL_RAWCH4_UASFF + LL_RAWCH4_CSTR; 

 

LL_RAWCO2_CL    = 0.456/ 0.544 * LL_RAWCH4_CL   ; 

LL_RAWCO2_AMB   = 0.297/ 0.703 * LL_RAWCH4_AMB  ; 
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LL_RAWCO2_UASB  = 0.458/ 0.542 * LL_RAWCH4_UASB ; 

LL_RAWCO2_EGSBR = 0.325/ 0.675 * LL_RAWCH4_EGSBR; 

LL_RAWCO2_UASFF = 0.281/ 0.719 * LL_RAWCH4_UASFF; 

LL_RAWCO2_CSTR  = 0.375/ 0.625 * LL_RAWCH4_CSTR ; 

 

LL_RAWCO2       = LL_RAWCO2_CL + LL_RAWCO2_AMB + LL_RAWCO2_UASB + LL_RAWCO2_EGSBR + 

LL_RAWCO2_UASFF + LL_RAWCO2_CSTR; 

 

LL_RAWBG        = LL_RAWCH4 + LL_RAWCO2; 

 

LL_WS_AN  = 0.014 * LL_CPOME; !IN T/H; 

 

LL_ANPOME = LL_CPOME - (0.000668 * LL_RAWCH4) - (0.0018421 * LL_RAWCO2) - LL_WS_AN; 

 

!---------------------------------------------------------------------------------; 

!H2S REMOVAL TECHNOLOGY; 

 

!FEED SPLITTING; 

LL_RAWCH4 = LL_RAWCH4_HPWS + LL_RAWCH4_ACBF + LL_RAWCH4_MOBF + LL_RAWCH4_BRS; 

LL_RAWBG  = LL_RAWBG_HPWS  + LL_RAWBG_ACBF  + LL_RAWBG_MOBF  + LL_RAWBG_BRS ; 

 

LL_RAWCH4_HPWS = LL_RAWBG_HPWS * 0.719; 

LL_RAWCH4_ACBF = LL_RAWBG_ACBF * 0.719; 

LL_RAWCH4_MOBF = LL_RAWBG_MOBF * 0.719; 

LL_RAWCH4_BRS  = LL_RAWBG_BRS  * 0.719; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_HPWSUNIT);  !HPWS=HIGH PRESSURE WATER SCRUBBING; 

@GIN(LL_ACBFUNIT);  !ACBF=ACTIVATED CARBON BED FILTER; 

@GIN(LL_MOBFUNIT);   !MOBF=METAL OXIDE BED FILTER; 

@GIN(LL_BRSUNIT) ;  !BRS=BIOLOGICAL H2S REMOVAL SYSTEM; 

 

LL_HPWSUNIT * 600  >= LL_RAWBG_HPWS; 

LL_ACBFUNIT * 1200 >= LL_RAWBG_ACBF; 

LL_MOBFUNIT * 600  >= LL_RAWBG_MOBF; 

LL_BRSUNIT  * 300  >= LL_RAWBG_BRS ; 

 

LL_CC_HPWS = 800000 * LL_HPWSUNIT; 

LL_CC_ACBF = 350000 * LL_ACBFunit; 

LL_CC_MOBF = 400000 * LL_MOBFunit; 

LL_CC_BRS  = 200000 * LL_BRSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_HPWS = 0.10 * LL_CC_HPWS                             ; 

LL_OC_ACBF = 0.20 * LL_CC_ACBF + 8000 * 1.8 * LL_RAWBG_ACBF; 

LL_OC_MOBF = 0.05 * LL_CC_MOBF + 8000 * 2.5 * LL_RAWBG_MOBF; 

LL_OC_BRS  = 0.12 * LL_CC_BRS                              ; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_HPWS = 57  * LL_HPWSunit; 

LL_E_ACBF = 1.8 * LL_ACBFunit; 

LL_E_MOBF = 17  * LL_MOBFunit; 

LL_E_BRS  = 12  * LL_BRSunit ; 

 

!CONVERSION; 

LL_PTCH4_HPWS = 0.99  * LL_RAWCH4_HPWS; 

LL_PTCH4_ACBF = 0.985 * LL_RAWCH4_ACBF; 

LL_PTCH4_MOBF = 0.981 * LL_RAWCH4_MOBF; 

LL_PTCH4_BRS  = 0.97  * LL_RAWCH4_BRS ; 

 

LL_PTCH4 = LL_PTCH4_HPWS + LL_PTCH4_ACBF + LL_PTCH4_MOBF + LL_PTCH4_BRS; 

 

LL_PTBG_HPWS * 0.98  = LL_PTCH4_HPWS         ; 

LL_PTBG_ACBF         = LL_RAWBG_ACBF         ; 

LL_PTBG_MOBF         = LL_RAWBG_MOBF         ; 

LL_PTBG_BRS  * 0.719 = LL_PTCH4_BRS  * 1.081 ; 

 

LL_PTBG = LL_PTBG_HPWS + LL_PTBG_ACBF + LL_PTBG_MOBF + LL_PTBG_BRS; 



Appendices 

clvii 

 

!---------------------------------------------------------------------------------; 

!UPGRADING COMPRESSOR; 

 

!FEED SPLITTING; 

LL_PTCH4 = LL_PTCH4_COMPBG + LL_PTCH4_CHP + LL_PTCH4_SELL; 

LL_PTBG  = LL_COMPBG       + LL_PTBG_CHP  + LL_PTBG_SELL ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_COMPunit); !COMP=UPGRADING COMPRESSOR; 

 

LL_COMPunit * 0.665 * 1000 >= LL_PTCH4_COMPBG; 

 

LL_CC_COMP  = 210000 * LL_COMPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_COMP = 10000 * LL_COMPunit;   

 

!ELECTRICITY CONSUMPTION; 

LL_E_COMP = 0.174 * 0.665 * LL_PTCH4_COMPBG; !CHECK ON HYSYS AGAIN; 

 

!---------------------------------------------------------------------------------; 

!BIOGAS PURIFICATION TECHNOLOGY; 

 

!FEED SPLITTING; 

LL_COMPBG       = LL_COMPBG_PSA + LL_COMPBG_AA + LL_COMPBG_GM + LL_COMPBG_CS; 

LL_PTCH4_COMPBG = LL_PTCH4_PSA  + LL_PTCH4_AA  + LL_PTCH4_GM  + LL_PTCH4_CS ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_PSAunit);  !PSA = PRESSURE SWING ADSORPTION;  

@GIN(LL_AAunit);  !AA  = AMINE ABSORPTION; 

@GIN(LL_GMunit);  !GM  = GAS MEMBRANE;  

@GIN(LL_CSunit);  !CS  = CRYOGENIC SEPARATION; 

 

LL_PSAunit * 0.665 * 1000 >= LL_PTCH4_PSA;  

LL_AAunit  * 0.665 * 1000 >= LL_PTCH4_AA ; 

LL_GMunit  * 0.665 * 1000 >= LL_PTCH4_GM ; 

LL_CSunit  * 0.665 * 1000 >= LL_PTCH4_CS ; 

 

LL_CC_PSA  = 200000 * LL_PSAunit; 

LL_CC_AA   = 130000 * LL_AAunit ; 

LL_CC_GM   = 160000 * LL_GMunit ; 

LL_CC_CS   = 500000 * LL_CSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_PSA  = 0.10 * LL_CC_PSA; 

LL_OC_AA   = 0.15 * LL_CC_AA ; 

LL_OC_GM   = 0.08 * LL_CC_GM ; 

LL_OC_CS   = 0.06 * LL_CC_CS ; 

 

!ELECTRICITY CONSUMPTION; 

LL_E_PSA  = 45 * LL_PSAunit; 

LL_E_AA   = 21 * LL_AAunit ; 

LL_E_GM   = 5  * LL_GMunit ; 

LL_E_CS   = 78 * LL_CSunit ;  

 

!CONVERSION; 

LL_PCH4_PSA = 0.98  * LL_PTCH4_PSA;  !M3/H; 

LL_PCH4_AA  = 0.97  * LL_PTCH4_AA ; 

LL_PCH4_GM  = 0.985 * LL_PTCH4_GM ; 

LL_PCH4_CS  = 0.999 * LL_PTCH4_CS ; 

 

LL_PCH4tot  = LL_PCH4_PSA + LL_PCH4_AA + LL_PCH4_GM + LL_PCH4_CS; 

 

LL_PBG_PSA * 0.98  = LL_PCH4_PSA; 

LL_PBG_AA  * 0.98  = LL_PCH4_AA ; 

LL_PBG_GM  * 0.99  = LL_PCH4_GM ; 

LL_PBG_CS  * 0.999 = LL_PCH4_CS ; 
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LL_PBGtot   = LL_PBG_PSA + LL_PBG_AA + LL_PBG_GM + LL_PBG_CS; 

 

LL_LIQCO2 * 1.8421 = (LL_COMPBG_CS - LL_PBG_CS); !KG/H; 

 

!---------------------------------------------------------------------------------; 

!STORAGE COMPRESSOR; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_COMPRESSunit); !COMPRESS=STORAGE COMPRESSOR; 

 

LL_COMPRESSunit * 800 >= LL_PBGtot; 

 

LL_CC_COMPRESS  =  250000 * LL_COMPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y; 

LL_OC_COMPRESS = 10000 * LL_COMPRESSunit;   

 

!ELECTRICITY CONSUMPTION; 

LL_E_COMPRESS = 0.234 * LL_PBGtot; 

 

!CONVERSION; 

LL_CBG = LL_PBGtot;     !M3/H; 

LL_CBG_LHV = 50 * 0.668 * LL_PCH4tot;  !MJ/H; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 1; 

@GIN(LL_GEunit); @GIN(LL_GTunit);  @GIN(LL_FTBunit); @GIN(LL_WTBunit);  

 

!FEED SPLITTING; 

LL_PTBG_CHP  = LL_PTBG_GE  + LL_PTBG_GT  + LL_PTBG_FTB  + LL_PTBG_WTB ; 

LL_PTCH4_CHP = LL_PTCH4_GE + LL_PTCH4_GT + LL_PTCH4_FTB + LL_PTCH4_WTB; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

LL_GEunit  * 1000  >= LL_Egen_GE   ; 

LL_GTunit  * 1000  >= LL_Egen_GT   ; 

LL_FTBunit * 40000 >= LL_MPSgen_FTB; 

LL_WTBunit * 10000 >= LL_HPSgen_WTB; 

 

LL_CC_GE  = 315000  * LL_GEunit ; 

LL_CC_GT  = 1550000 * LL_GTunit ; 

LL_CC_FTB = 3500000 * LL_FTBunit; 

LL_CC_WTB = 1500000 * LL_WTBunit; 

 

!OPERATING COST, OC (US$/Y); 

LL_OC_GE  = 0.08 * LL_CC_GE ; 

LL_OC_GT  = 0.05 * LL_CC_GT ; 

LL_OC_FTB = 0.04 * LL_CC_FTB; 

LL_OC_WTB = 0.04 * LL_CC_WTB; 

 

!CONVERSION; 

LL_Egen_GE    = 0.4  * 35.8 * 0.2778 * LL_PTCH4_GE ; 

LL_Egen_GT    = 0.33 * 35.8 * 0.2778 * LL_PTCH4_GT ; 

LL_HOTAIR   = 0.6  * 35.8 * 1.4167 * LL_PTCH4_GE   + 0.67 * 35.8 * 1.4167 * LL_PTCH4_GT; 

LL_MPSgen_FTB = 0.5  * 35.8 * 0.3991 * LL_PTCH4_FTB; 

LL_HPSgen_WTB = 0.5  * 35.8 * 0.3882 * LL_PTCH4_WTB; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 2; 

@GIN(LL_HRSGunit); @GIN(LL_ST1unit); @GIN(LL_ST2unit); 

 

!FEED SPLITTING; 

LL_HOTAIR     = LL_HOTAIR_HRSG1   + LL_HOTAIR_HRSG2   + LL_HOTAIR_SELL; 

LL_MPSgen_FTB = LL_MPSgen_FTB_ST2 + LL_MPSgen_FTB_SELL                ; 

LL_MPSgen_ST1 = LL_MPSgen_ST1_ST2 + LL_MPSgen_ST1_SELL                ; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

LL_HRSGunit * 36000 >= LL_HOTAIR_HRSG1 + LL_HOTAIR_HRSG2; 
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LL_ST1unit  * 1000  >= LL_Egen_ST1                      ; 

LL_ST2unit  * 500   >= LL_Egen_ST2                      ; 

 

LL_CC_HRSG = 750000 * LL_HRSGunit                      ; 

LL_CC_ST   = 830000 * LL_ST1unit  + 610000 * LL_ST2unit; 

 

!OPERATING COST, OC (US$/Y); 

LL_OC_HRSG = 0.06 * LL_CC_HRSG; 

LL_OC_ST   = 0.02 * LL_CC_ST  ; 

 

!CONVERSION; 

LL_Egen_HRSG = 0.0272 * LL_HOTAIR_HRSG1; 

 

LL_Egen_ST1 = 0.0136 *  LL_HPSgen_WTB   ; 

LL_Egen_ST2 = 0.0317 * (LL_MPSgen_ST1_ST2 + LL_MPSgen_FTB_ST2); 

LL_Egen_ST  = LL_Egen_ST1 + LL_Egen_ST2 ; 

 

LL_LPSgen_HRSG = 0.0544 * LL_HOTAIR_HRSG1; 

LL_LPSgen_ST2  = LL_MPSgen_ST1_ST2       ; 

 

LL_MPSgen_HRSG = 0.0544 * LL_HOTAIR_HRSG2; 

LL_MPSgen_ST1  = LL_HPSgen_WTB           ; 

 

!---------------------------------------------------------------------------------; 

!AEROBIC DIGESTION; 

 

LL_ANPOMEtot = LL_ANPOME + LL_WW; 

 

!FEED SPLITTING; 

LL_ANPOMEtot = LL_ANPOME_ALS + LL_ANPOME_AeMB + LL_ANPOME_SBR + LL_ANPOME_EAS; 

 

LL_ANPOME_AeMB = LL_ANPOME_AeMB_1 + LL_ANPOME_AeMB_2; 

LL_ANPOME_SBR  = LL_ANPOME_SBR_1  + LL_ANPOME_SBR_2 ; 

LL_ANPOME_EAS  = LL_ANPOME_EAS_1  + LL_ANPOME_EAS_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_ALSunit)   ; !ALS=AEROBIC LAGOON SYSTEM; 

@GIN(LL_AeMBunit_1);  

@GIN(LL_AeMBunit_2); !AeMB=AEROBIC MEMBRANE BIOREACTOR; 

@GIN(LL_SBRunit_1) ;  

@GIN(LL_SBRunit_2) ; !SBR=SEQUENCING BATCH REACTOR; 

@GIN(LL_EASunit_1) ;  

@GIN(LL_EASunit_2) ; !EAS=EXTENDED AERATION SYSTEM; 

@GIN(LL_A_CLARunit); !CLARIFIER UNIT FOR AEROBIC DIGESTION; 

 

LL_ALSunit    * 5408 >= 31  * 24 *  LL_ANPOME_ALS                 ; 

LL_AeMBunit_1 * 2300 >= 13  * 24 *  LL_ANPOME_AeMB_1              ; 

LL_AeMBunit_2 * 5130 >= 13  * 24 *  LL_ANPOME_AeMB_2              ; 

LL_SBRunit_1  * 2300 >= 1   * 24 *  LL_ANPOME_SBR_1               ; 

LL_SBRunit_2  * 5130 >= 1   * 24 *  LL_ANPOME_SBR_2               ; 

LL_EASunit_1  * 2300 >= 6.5 * 24 *  LL_ANPOME_EAS_1               ; 

LL_EASunit_2  * 5130 >= 6.5 * 24 *  LL_ANPOME_EAS_2               ; 

LL_A_CLARunit * 2300 >= 1.2 * 24 * (LL_ANPOME_ALS + LL_ANPOME_EAS); 

 

LL_CC_ALS    =      140000 * LL_ALSunit                            ; 

LL_CC_AeMB   =      400000 * LL_AeMBunit_1 + 715000 * LL_AeMBunit_2; 

LL_CC_SBR    = 4 * (270000 * LL_SBRunit_1  + 550000 * LL_SBRunit_2); 

LL_CC_EAS    =      230000 * LL_EASunit_1  + 400000 * LL_EASunit_2 ;  

LL_CC_A_CLAR =      130000 * LL_A_CLARunit                         ; 

 

!OPERATING COST;  

LL_OC_ALS    = 23200 * LL_ALSunit  ; 

LL_OC_AeMB   = 0.08  * LL_CC_AeMB  ; 

LL_OC_SBR    = 0.05  * LL_CC_SBR   ; 

LL_OC_EAS    = 0.05  * LL_CC_EAS   ;  

LL_OC_A_CLAR = 6500  * LL_A_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 
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LL_E_ALS    = 22 *  LL_ALSunit                    ; 

LL_E_AeMB   = 32 * (LL_AeMBunit_1 + LL_AeMBunit_2); 

LL_E_SBR    = 27 * (LL_SBRunit_1  + LL_SBRunit_2 ); 

LL_E_EAS    = 30 * (LL_EASunit_1  + LL_EASunit_2 ); 

LL_E_A_CLAR = 6  *  LL_A_CLARunit                 ; 

 

!CONVERSION; 

LL_APOME_ALS  = 0.9116 * LL_ANPOME_ALS  ;   !IN T/H; 

LL_APOME_AeMB = 0.9032 * LL_ANPOME_AeMB ; 

LL_APOME_SBR  = 0.9137 * LL_ANPOME_SBR  ; 

LL_APOME_EAS  = 0.9087 * LL_ANPOME_EAS  ; 

 

LL_APOMEtot   = LL_APOME_ALS + LL_APOME_AeMB + LL_APOME_SBR + LL_APOME_EAS; 

  

LL_WS_ALS     = 0.0884 * LL_ANPOME_ALS  ; 

LL_WS_AeMB    = 0.0969 * LL_ANPOME_AeMB ; 

LL_WS_SBR     = 0.0863 * LL_ANPOME_SBR  ; 

LL_WS_EAS     = 0.0913 * LL_ANPOME_EAS  ; 

 

LL_WS_A       = LL_WS_ALS + LL_WS_AeMB + LL_WS_SBR + LL_WS_EAS; 

 

!---------------------------------------------------------------------------------; 

!AEROBICALLY TREATED POME (APOME) TREATMENT; 

 

!FEED SPLITTING; 

LL_APOMEtot = LL_APOME_PT + LL_APOME_ECS; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(LL_PTunit);   !PT=PHYSIOCHEMICAL TREATMENT; 

@GIN(LL_ECSunit);  !ECS=ELECTRO-COAGULATION SYSTEM; 

 

LL_PTunit  * 30 >= LL_APOME_PT ; 

LL_ECSunit * 30 >= LL_APOME_ECS; 

 

LL_CC_PT  = 100000 * LL_PTunit ; 

LL_CC_ECS = 200000 * LL_ECSunit;  

 

!OPERATING COST;  

LL_OC_PT  = 0.05 * LL_CC_PT                               ; 

LL_OC_ECS = 0.05 * LL_CC_ECS + 0.515 * 8000 * LL_APOME_ECS;  

 

!ELECTRICITY CONSUMPTION; 

LL_E_PT   = 13   * LL_PTunit   ; 

LL_E_ECS  = 7.05 * LL_APOME_ECS; 

 

!CONVERSION; 

LL_TW_PT   = 0.95   * LL_APOME_PT ;  !TW=TREATED WATER; 

LL_BFW_ECS = 0.9481 * LL_APOME_ECS;  !BFW=BOILER FEED WATER; 

 

!---------------------------------------------------------------------------------; 

!TOTAL CAPITAL COST (CAPEX); 

LL_CAPEX_BIOGAS = LL_CC_ORP + LL_CC_CP + LL_CC_CL + LL_CC_AMB  + LL_CC_UASB + 

LL_CC_EGSBR + LL_CC_UASFF + LL_CC_CSTR + LL_CC_HPWS + LL_CC_ACBF + LL_CC_MOBF + 

LL_CC_BRS + LL_CC_COMP + LL_CC_PSA + LL_CC_AA + LL_CC_GM + LL_CC_CS + LL_CC_COMPRESS 

+ LL_CC_ALS + LL_CC_AeMB + LL_CC_SBR + LL_CC_EAS + LL_CC_PT + LL_CC_ECS + LL_CC_GE   

+ LL_CC_GT + LL_CC_FTB + LL_CC_WTB + LL_CC_HRSG + LL_CC_ST + LL_CC_A_CLAR ; 

 

!TOTAL OPERATING COST (OPEX); 

LL_OPEX_BIOGAS = LL_OC_ORP + LL_OC_CP + LL_OC_CL + LL_OC_AMB + LL_OC_UASB + 

LL_OC_EGSBR + LL_OC_UASFF + LL_OC_CSTR + LL_OC_HPWS + LL_OC_ACBF + LL_OC_MOBF + 

LL_OC_BRS + LL_OC_COMP + LL_OC_PSA + LL_OC_AA + LL_OC_GM + LL_OC_CS + LL_OC_COMPRESS 

+ LL_OC_ALS + LL_OC_AeMB + LL_OC_SBR + LL_OC_EAS + LL_OC_PT + LL_OC_ECS + LL_OC_GE + 

LL_OC_GT + LL_OC_FTB + LL_OC_WTB + LL_OC_HRSG + LL_OC_ST + LL_OC_A_CLAR; 

 

!TOTAL UTILITY CONSUMPTION; 

LL_Etot_BIOGAS = LL_E_ORP + LL_E_CP + LL_E_CL + LL_E_AMB + LL_E_UASB + LL_E_EGSBR + 

LL_E_UASFF + LL_E_CSTR + LL_E_HPWS + LL_E_ACBF + LL_E_MOBF + LL_E_BRS + LL_E_COMP + 
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LL_E_PSA + LL_E_AA + LL_E_GM + LL_E_CS + LL_E_COMPRESS + LL_E_ALS + LL_E_AeMB + 

LL_E_SBR + LL_E_EAS + LL_E_PT + LL_E_ECS + LL_E_A_CLAR; 

 

!STEAM GENERATED (LPS & MPS); 

LL_LPSgen = LL_LPSgen_HRSG + LL_LPSgen_ST2; 

LL_MPSgen = LL_MPSgen_HRSG + LL_MPSgen_ST1_SELL + LL_MPSgen_FTB_SELL; 

 

LL_BFW = LL_MPSgen + LL_LPSgen; 

 

!ELECTRICITY (KW); 

LL_Egen    = LL_Egen_GE + LL_Egen_GT + LL_Egen_HRSG + LL_Egen_ST; 

LL_E_SELL  = LL_Egen - LL_Etot_BIOGAS; 

 

LL_E_SELL >= 0; 

 

!TOTAL PRODUCTS GENERATED; 

LL_WS_BIOGAS     = LL_WS_AN + LL_WS_A;  !T/H; 

LL_TW_BIOGAS     = LL_TW_PT; 

LL_LIQCO2_BIOGAS = LL_LIQCO2;   !MJ/H; 

 

!GROSS PROFIT (GP) IN US$/Y; 

LL_GP_BIOGAS = 8000 * (LL_CBG_LHV * BIOMETHANE_PRICE + LL_LIQCO2 * LIQCO2_PRICE + 

LL_LPSgen * LPS_PRICE + LL_MPSgen * MPS_PRICE + LL_WS_BIOGAS * SLUDGE_PRICE + 

LL_BFW_ECS * BFW_PRICE    + LL_E_SELL * E_PRICE   - LL_BFW    * BFW_PRICE + 33.4 * 

LL_PTCH4_SELL * ENERGY_PRICE) - LL_OPEX_BIOGAS; 

 

@FREE(LL_GP_BIOGAS);  !TO ALLOW GP TO BE NEGATIVE VALUE; 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!MEDIUM SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

 

!TO LINEARISE THE FEED INPUT ACROSS THE YEAR (T/H); 

MM_POME_POM * 1000 = 0.54375 * MM_POMEtot  ; 

MM_WW              = 0.75    * MM_WS_BIOGAS; 

 

MM_OILCONTENT_POME * 1000 = 0.54375 * MM_OILCONTENT; !IN T/H; 

 

!---------------------------------------------------------------------------------; 

!OIL RECOVERY PIT (ORP); 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_ORPunit); 

 

MM_ORPunit * 800 >= (1.5 * 24 * MM_POME_POM); !RETENTION TIME=1.5DAYS; 

 

MM_CC_ORP  =  25000 * MM_ORPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_ORP = 2500 * MM_ORPunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_ORP  = 3 * MM_ORPunit; 

 

!CONVERSION; 

MM_RO_ORP * 0.7 = 0.556 * MM_OILCONTENT_POME; !RO=RECOVERED OIL; 

MM_PTPOME       = MM_POME_POM - MM_RO_ORP   ; !PTPOME=PRETREATED POME; 

 

!OIL CONTENT; 

MM_OILCONTENT_RO_ORP    = 0.556 * MM_OILCONTENT_POME; 

 

MM_OILCONTENT_PTPOME    = MM_OILCONTENT_POME - MM_OILCONTENT_RO_ORP; 

 

!---------------------------------------------------------------------------------; 

!COOLING POND; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 
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@GIN(MM_CPunit); 

 

MM_CPunit * 2400 >= 72 * MM_PTPOME;  !RETENTION TIME=3DAYS; 

 

MM_CC_CP  =  50000 * MM_CPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_CP = 5000 * MM_CPunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_CP  = 6 * MM_CPunit; 

 

!CONVERSION; 

MM_CPOME  = MM_PTPOME; 

 

!---------------------------------------------------------------------------------; 

!ANAEROBIC DIGESTION; 

 

!FEED SPLITTING; 

MM_CPOME = MM_CPOME_CL + MM_CPOME_AMB + MM_CPOME_UASB + MM_CPOME_EGSBR + 

MM_CPOME_UASFF + MM_CPOME_CSTR; 

 

MM_CPOME_AMB   = MM_CPOME_AMB_1   + MM_CPOME_AMB_2  ; 

MM_CPOME_UASB  = MM_CPOME_UASB_1  + MM_CPOME_UASB_2 ; 

MM_CPOME_EGSBR = MM_CPOME_EGSBR_1 + MM_CPOME_EGSBR_2; 

MM_CPOME_UASFF = MM_CPOME_UASFF_1 + MM_CPOME_UASFF_2; 

MM_CPOME_CSTR  = MM_CPOME_CSTR_1  + MM_CPOME_CSTR_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_CLunit);  @GIN(MM_CLARunit);  @GIN(MM_AMBunit_1); 

@GIN(MM_UASBunit_1); @GIN(MM_EGSBRunit_1); @GIN(MM_UASFFunit_1); 

@GIN(MM_CSTRunit_1); @GIN(MM_AMBunit_2);  @GIN(MM_UASBunit_2); 

@GIN(MM_EGSBRunit_2); @GIN(MM_UASFFunit_2); @GIN(MM_CSTRunit_2); 

 

MM_CLunit      * 5408 >= 40   * 24 *  MM_CPOME_CL                 ; 

MM_AMBunit_1   * 2300 >= 20.6 * 24 *  MM_CPOME_AMB_1              ; 

MM_AMBunit_2   * 5130 >= 20.6 * 24 *  MM_CPOME_AMB_2              ; 

MM_UASBunit_1  * 2300 >= 4    * 24 *  MM_CPOME_UASB_1             ; 

MM_UASBunit_2  * 5130 >= 4    * 24 *  MM_CPOME_UASB_2             ; 

MM_EGSBRunit_1 * 2300 >= 9.8  * 24 *  MM_CPOME_EGSBR_1            ; 

MM_EGSBRunit_2 * 5130 >= 9.8  * 24 *  MM_CPOME_EGSBR_2            ; 

MM_UASFFunit_1 * 2300 >= 3    * 24 *  MM_CPOME_UASFF_1            ; 

MM_UASFFunit_2 * 5130 >= 3    * 24 *  MM_CPOME_UASFF_2            ; 

MM_CSTRunit_1  * 2300 >= 18   * 24 *  MM_CPOME_CSTR_1             ; 

MM_CSTRunit_2  * 5130 >= 18   * 24 *  MM_CPOME_CSTR_2             ; 

MM_CLARunit    * 2300 >= 1.2  * 24 * (MM_CPOME_CL + MM_CPOME_CSTR); 

 

MM_CC_CL    = 150000 * MM_CLunit + 130000 * MM_CLARunit        ; 

MM_CC_AMB   = 400000 * MM_AMBunit_1   + 715000 * MM_AMBunit_2  ; 

MM_CC_UASB  = 330000 * MM_UASBunit_1  + 615000 * MM_UASBunit_2 ; 

MM_CC_EGSBR = 400000 * MM_EGSBRunit_1 + 770000 * MM_EGSBRunit_2; 

MM_CC_UASFF = 460000 * MM_UASFFunit_1 + 900000 * MM_UASFFunit_2; 

MM_CC_CSTR  = 360000 * MM_CSTRunit_1  + 665000 * MM_CSTRunit_2  + 130000 * MM_CLARunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_CL    = 25600 * MM_CLunit   + 6500 * MM_CLARunit; 

MM_OC_AMB   = 0.08  * MM_CC_AMB                       ; 

MM_OC_UASB  = 0.08  * MM_CC_UASB                      ; 

MM_OC_EGSBR = 0.08  * MM_CC_EGSBR + 150  * 0.3  * (2300 * MM_EGSBRunit_1 + 5130 * 

MM_EGSBRunit_2); 

MM_OC_UASFF = 0.08  * MM_CC_UASFF + 250  * 0.3  * (2300 * MM_UASFFunit_1 + 5130 * 

MM_UASFFunit_2); 

MM_OC_CSTR  = 0.08  * MM_CC_CSTR  + 6500 * MM_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_CL    = 28 *  MM_CLunit                        + 6 * MM_CLARunit; 

MM_E_AMB   = 32 * (MM_AMBunit_1   + MM_AMBunit_2  )                  ; 

MM_E_UASB  = 16 * (MM_UASBunit_1  + MM_UASBunit_2 )                  ; 
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MM_E_EGSBR = 24 * (MM_EGSBRunit_1 + MM_EGSBRunit_2)                  ; 

MM_E_UASFF = 24 * (MM_UASFFunit_1 + MM_UASFFunit_2)                  ; 

MM_E_CSTR  = 41 * (MM_CSTRunit_1  + MM_CSTRunit_2 ) + 6 * MM_CLARunit; 

 

!CONVERSION (M3/H); 

MM_RAWCH4_CL    = 0.238 * 0.978  * 74 * MM_CPOME_CL    ; 

MM_RAWCH4_AMB   = 0.29  * 0.9737 * 74 * MM_CPOME_AMB   ; 

MM_RAWCH4_UASB  = 0.24  * 0.984  * 74 * MM_CPOME_UASB  ; 

MM_RAWCH4_EGSBR = 0.266 * 0.9489 * 74 * MM_CPOME_EGSBR ; 

MM_RAWCH4_UASFF = 0.325 * 0.986  * 74 * MM_CPOME_UASFF ; 

MM_RAWCH4_CSTR  = 0.17  * 0.8    * 74 * MM_CPOME_CSTR  ; 

 

MM_RAWCH4       = MM_RAWCH4_CL + MM_RAWCH4_AMB + MM_RAWCH4_UASB + MM_RAWCH4_EGSBR + 

MM_RAWCH4_UASFF + MM_RAWCH4_CSTR; 

 

MM_RAWCO2_CL    = 0.456/ 0.544 * MM_RAWCH4_CL   ; 

MM_RAWCO2_AMB   = 0.297/ 0.703 * MM_RAWCH4_AMB  ; 

MM_RAWCO2_UASB  = 0.458/ 0.542 * MM_RAWCH4_UASB ; 

MM_RAWCO2_EGSBR = 0.325/ 0.675 * MM_RAWCH4_EGSBR; 

MM_RAWCO2_UASFF = 0.281/ 0.719 * MM_RAWCH4_UASFF; 

MM_RAWCO2_CSTR  = 0.375/ 0.625 * MM_RAWCH4_CSTR ; 

 

MM_RAWCO2       = MM_RAWCO2_CL + MM_RAWCO2_AMB + MM_RAWCO2_UASB + MM_RAWCO2_EGSBR + 

MM_RAWCO2_UASFF + MM_RAWCO2_CSTR; 

 

MM_RAWBG        = MM_RAWCH4 + MM_RAWCO2; 

 

MM_WS_AN  = 0.014 * MM_CPOME; !IN T/H; 

 

MM_ANPOME = MM_CPOME - (0.000668 * MM_RAWCH4) - (0.0018421 * MM_RAWCO2) - MM_WS_AN; 

 

!---------------------------------------------------------------------------------; 

!H2S REMOVAL TECHNOLOGY; 

 

!FEED SPLITTING; 

MM_RAWCH4 = MM_RAWCH4_HPWS + MM_RAWCH4_ACBF + MM_RAWCH4_MOBF + MM_RAWCH4_BRS; 

MM_RAWBG  = MM_RAWBG_HPWS  + MM_RAWBG_ACBF  + MM_RAWBG_MOBF  + MM_RAWBG_BRS ; 

 

MM_RAWCH4_HPWS = MM_RAWBG_HPWS * 0.719; 

MM_RAWCH4_ACBF = MM_RAWBG_ACBF * 0.719; 

MM_RAWCH4_MOBF = MM_RAWBG_MOBF * 0.719; 

MM_RAWCH4_BRS  = MM_RAWBG_BRS  * 0.719; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_HPWSunit);  !HPWS=HIGH PRESSURE WATER SCRUBBING; 

@GIN(MM_ACBFunit);  !ACBF=ACTIVATED CARBON BED FILTER; 

@GIN(MM_MOBFunit);   !MOBF=METAL OXIDE BED FILTER; 

@GIN(MM_BRSunit) ;  !BRS=BIOLOGICAL H2S REMOVAL SYSTEM; 

 

MM_HPWSunit * 600  >= MM_RAWBG_HPWS; 

MM_ACBFunit * 1200 >= MM_RAWBG_ACBF; 

MM_MOBFunit * 600  >= MM_RAWBG_MOBF; 

MM_BRSunit  * 300  >= MM_RAWBG_BRS ; 

 

MM_CC_HPWS = 800000 * MM_HPWSunit; 

MM_CC_ACBF = 350000 * MM_ACBFunit; 

MM_CC_MOBF = 400000 * MM_MOBFunit; 

MM_CC_BRS  = 200000 * MM_BRSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_HPWS = 0.10 * MM_CC_HPWS                             ; 

MM_OC_ACBF = 0.20 * MM_CC_ACBF + 8000 * 1.8 * MM_RAWBG_ACBF; 

MM_OC_MOBF = 0.05 * MM_CC_MOBF + 8000 * 2.5 * MM_RAWBG_MOBF; 

MM_OC_BRS  = 0.12 * MM_CC_BRS                              ; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_HPWS = 57  * MM_HPWSunit; 

MM_E_ACBF = 1.8 * MM_ACBFunit; 
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MM_E_MOBF = 17  * MM_MOBFunit; 

MM_E_BRS  = 12  * MM_BRSunit ; 

 

!CONVERSION; 

MM_PTCH4_HPWS = 0.99  * MM_RAWCH4_HPWS; 

MM_PTCH4_ACBF = 0.985 * MM_RAWCH4_ACBF; 

MM_PTCH4_MOBF = 0.981 * MM_RAWCH4_MOBF; 

MM_PTCH4_BRS  = 0.97  * MM_RAWCH4_BRS ; 

 

MM_PTCH4 = MM_PTCH4_HPWS + MM_PTCH4_ACBF + MM_PTCH4_MOBF + MM_PTCH4_BRS; 

 

MM_PTBG_HPWS * 0.98  = MM_PTCH4_HPWS         ; 

MM_PTBG_ACBF         = MM_RAWBG_ACBF         ; 

MM_PTBG_MOBF         = MM_RAWBG_MOBF         ; 

MM_PTBG_BRS  * 0.719 = MM_PTCH4_BRS  * 1.081 ; 

 

MM_PTBG = MM_PTBG_HPWS + MM_PTBG_ACBF + MM_PTBG_MOBF + MM_PTBG_BRS; 

 

!---------------------------------------------------------------------------------; 

!UPGRADING COMPRESSOR; 

 

!FEED SPLITTING; 

MM_PTCH4 = MM_PTCH4_COMPBG + MM_PTCH4_CHP + MM_PTCH4_SELL; 

MM_PTBG  = MM_COMPBG       + MM_PTBG_CHP  + MM_PTBG_SELL ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_COMPunit); !COMP=UPGRADING COMPRESSOR; 

 

MM_COMPunit * 0.665 * 1000 >= MM_PTCH4_COMPBG; 

 

MM_CC_COMP  = 210000 * MM_COMPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_COMP = 10000 * MM_COMPunit;   

 

!ELECTRICITY CONSUMPTION; 

MM_E_COMP = 0.174 * 0.665 * MM_PTCH4_COMPBG; !CHECK ON HYSYS AGAIN; 

 

!---------------------------------------------------------------------------------; 

!BIOGAS PURIFICATION TECHNOLOGY; 

 

!FEED SPLITTING; 

MM_COMPBG       = MM_COMPBG_PSA + MM_COMPBG_AA + MM_COMPBG_GM + MM_COMPBG_CS; 

MM_PTCH4_COMPBG = MM_PTCH4_PSA  + MM_PTCH4_AA  + MM_PTCH4_GM  + MM_PTCH4_CS ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_PSAunit);  !PSA = PRESSURE SWING ADSORPTION;  

@GIN(MM_AAunit);  !AA  = AMINE ABSORPTION; 

@GIN(MM_GMunit);  !GM  = GAS MEMBRANE;  

@GIN(MM_CSunit);  !CS  = CRYOGENIC SEPARATION; 

 

MM_PSAunit * 0.665 * 1000 >= MM_PTCH4_PSA;  

MM_AAunit  * 0.665 * 1000 >= MM_PTCH4_AA ; 

MM_GMunit  * 0.665 * 1000 >= MM_PTCH4_GM ; 

MM_CSunit  * 0.665 * 1000 >= MM_PTCH4_CS ; 

 

MM_CC_PSA  = 200000 * MM_PSAunit; 

MM_CC_AA   = 130000 * MM_AAunit ; 

MM_CC_GM   = 160000 * MM_GMunit ; 

MM_CC_CS   = 500000 * MM_CSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_PSA  = 0.10 * MM_CC_PSA; 

MM_OC_AA   = 0.15 * MM_CC_AA ; 

MM_OC_GM   = 0.08 * MM_CC_GM ; 

MM_OC_CS   = 0.06 * MM_CC_CS ; 

 

!ELECTRICITY CONSUMPTION; 
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MM_E_PSA  = 45 * MM_PSAunit; 

MM_E_AA   = 21 * MM_AAunit ; 

MM_E_GM   = 5  * MM_GMunit ; 

MM_E_CS   = 78 * MM_CSunit ;  

 

!CONVERSION; 

MM_PCH4_PSA = 0.98  * MM_PTCH4_PSA;  !M3/H; 

MM_PCH4_AA  = 0.97  * MM_PTCH4_AA ; 

MM_PCH4_GM  = 0.985 * MM_PTCH4_GM ; 

MM_PCH4_CS  = 0.999 * MM_PTCH4_CS ; 

 

MM_PCH4tot  = MM_PCH4_PSA + MM_PCH4_AA + MM_PCH4_GM + MM_PCH4_CS; 

 

MM_PBG_PSA * 0.98  = MM_PCH4_PSA; 

MM_PBG_AA  * 0.98  = MM_PCH4_AA ; 

MM_PBG_GM  * 0.99  = MM_PCH4_GM ; 

MM_PBG_CS  * 0.999 = MM_PCH4_CS ; 

 

MM_PBGtot   = MM_PBG_PSA + MM_PBG_AA + MM_PBG_GM + MM_PBG_CS; 

 

MM_LIQCO2 * 1.8421 = (MM_COMPBG_CS - MM_PBG_CS); !KG/H; 

 

!---------------------------------------------------------------------------------; 

!STORAGE COMPRESSOR; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_COMPRESSunit); !COMPRESS=STORAGE COMPRESSOR; 

 

MM_COMPRESSunit * 800 >= MM_PBGtot; 

 

MM_CC_COMPRESS  =  250000 * MM_COMPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y; 

MM_OC_COMPRESS = 10000 * MM_COMPRESSunit;   

 

!ELECTRICITY CONSUMPTION; 

MM_E_COMPRESS = 0.234 * MM_PBGtot; 

 

!CONVERSION; 

MM_CBG = MM_PBGtot;     !M3/H; 

MM_CBG_LHV = 50 * 0.668 * MM_PCH4tot;  !MJ/H; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 1; 

@GIN(MM_GEunit); @GIN(MM_GTunit);  @GIN(MM_FTBunit); @GIN(MM_WTBunit);  

 

!FEED SPLITTING; 

MM_PTBG_CHP  = MM_PTBG_GE  + MM_PTBG_GT  + MM_PTBG_FTB  + MM_PTBG_WTB ; 

MM_PTCH4_CHP = MM_PTCH4_GE + MM_PTCH4_GT + MM_PTCH4_FTB + MM_PTCH4_WTB; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

MM_GEunit  * 1000  >= MM_Egen_GE   ; 

MM_GTunit  * 1000  >= MM_Egen_GT   ; 

MM_FTBunit * 40000 >= MM_MPSgen_FTB; 

MM_WTBunit * 10000 >= MM_HPSgen_WTB; 

 

MM_CC_GE  = 315000  * MM_GEunit ; 

MM_CC_GT  = 1550000 * MM_GTunit ; 

MM_CC_FTB = 3500000 * MM_FTBunit; 

MM_CC_WTB = 1500000 * MM_WTBunit; 

 

!OPERATING COST, OC (US$/Y); 

MM_OC_GE  = 0.08 * MM_CC_GE ; 

MM_OC_GT  = 0.05 * MM_CC_GT ; 

MM_OC_FTB = 0.04 * MM_CC_FTB; 

MM_OC_WTB = 0.04 * MM_CC_WTB; 

 

!CONVERSION; 
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MM_Egen_GE    = 0.4  * 35.8 * 0.2778 * MM_PTCH4_GE ; 

MM_Egen_GT    = 0.33 * 35.8 * 0.2778 * MM_PTCH4_GT ; 

MM_HOTAIR   = 0.6  * 35.8 * 1.4167 * MM_PTCH4_GE   + 0.67 * 35.8 * 1.4167 * MM_PTCH4_GT; 

MM_MPSgen_FTB = 0.5  * 35.8 * 0.3991 * MM_PTCH4_FTB; 

MM_HPSgen_WTB = 0.5  * 35.8 * 0.3882 * MM_PTCH4_WTB; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 2; 

@GIN(MM_HRSGunit); @GIN(MM_ST1unit); @GIN(MM_ST2unit); 

 

!FEED SPLITTING; 

MM_HOTAIR     = MM_HOTAIR_HRSG1   + MM_HOTAIR_HRSG2   + MM_HOTAIR_SELL; 

MM_MPSgen_FTB = MM_MPSgen_FTB_ST2 + MM_MPSgen_FTB_SELL                ; 

MM_MPSgen_ST1 = MM_MPSgen_ST1_ST2 + MM_MPSgen_ST1_SELL                ; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

MM_HRSGunit * 36000 >= MM_HOTAIR_HRSG1 + MM_HOTAIR_HRSG2; 

MM_ST1unit  * 1000  >= MM_Egen_ST1                      ; 

MM_ST2unit  * 500   >= MM_Egen_ST2                      ; 

 

MM_CC_HRSG = 750000 * MM_HRSGunit                      ; 

MM_CC_ST   = 830000 * MM_ST1unit  + 610000 * MM_ST2unit; 

 

!OPERATING COST, OC (US$/Y); 

MM_OC_HRSG = 0.06 * MM_CC_HRSG; 

MM_OC_ST   = 0.02 * MM_CC_ST  ; 

 

!CONVERSION; 

MM_Egen_HRSG = 0.0272 * MM_HOTAIR_HRSG1; 

 

MM_Egen_ST1 = 0.0136 *  MM_HPSgen_WTB   ; 

MM_Egen_ST2 = 0.0317 * (MM_MPSgen_ST1_ST2 + MM_MPSgen_FTB_ST2); 

MM_Egen_ST  = MM_Egen_ST1 + MM_Egen_ST2 ; 

 

MM_LPSgen_HRSG = 0.0544 * MM_HOTAIR_HRSG1; 

MM_LPSgen_ST2  = MM_MPSgen_ST1_ST2       ; 

 

MM_MPSgen_HRSG = 0.0544 * MM_HOTAIR_HRSG2; 

MM_MPSgen_ST1  = MM_HPSgen_WTB           ; 

 

!---------------------------------------------------------------------------------; 

!AEROBIC DIGESTION; 

 

MM_ANPOMEtot = MM_ANPOME + MM_WW; 

 

!FEED SPLITTING; 

MM_ANPOMEtot = MM_ANPOME_ALS + MM_ANPOME_AeMB + MM_ANPOME_SBR + MM_ANPOME_EAS; 

 

MM_ANPOME_AeMB = MM_ANPOME_AeMB_1 + MM_ANPOME_AeMB_2; 

MM_ANPOME_SBR  = MM_ANPOME_SBR_1  + MM_ANPOME_SBR_2 ; 

MM_ANPOME_EAS  = MM_ANPOME_EAS_1  + MM_ANPOME_EAS_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_ALSunit)   ; !ALS=AEROBIC LAGOON SYSTEM; 

@GIN(MM_AeMBunit_1);  

@GIN(MM_AeMBunit_2); !AeMB=AEROBIC MEMBRANE BIOREACTOR; 

@GIN(MM_SBRunit_1) ;  

@GIN(MM_SBRunit_2) ; !SBR=SEQUENCING BATCH REACTOR; 

@GIN(MM_EASunit_1) ;  

@GIN(MM_EASunit_2) ; !EAS=EXTENDED AERATION SYSTEM; 

@GIN(MM_A_CLARunit); !CLARIFIER UNIT FOR AEROBIC DIGESTION; 

 

MM_ALSunit    * 5408 >= 31  * 24 *  MM_ANPOME_ALS                 ; 

MM_AeMBunit_1 * 2300 >= 13  * 24 *  MM_ANPOME_AeMB_1              ; 

MM_AeMBunit_2 * 5130 >= 13  * 24 *  MM_ANPOME_AeMB_2              ; 

MM_SBRunit_1  * 2300 >= 1   * 24 *  MM_ANPOME_SBR_1               ; 

MM_SBRunit_2  * 5130 >= 1   * 24 *  MM_ANPOME_SBR_2               ; 

MM_EASunit_1  * 2300 >= 6.5 * 24 *  MM_ANPOME_EAS_1               ; 
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MM_EASunit_2  * 5130 >= 6.5 * 24 *  MM_ANPOME_EAS_2               ; 

MM_A_CLARunit * 2300 >= 1.2 * 24 * (MM_ANPOME_ALS + MM_ANPOME_EAS); 

 

MM_CC_ALS    =      140000 * MM_ALSunit                            ; 

MM_CC_AeMB   =      400000 * MM_AeMBunit_1 + 715000 * MM_AeMBunit_2; 

MM_CC_SBR    = 4 * (270000 * MM_SBRunit_1  + 550000 * MM_SBRunit_2); 

MM_CC_EAS    =      230000 * MM_EASunit_1  + 400000 * MM_EASunit_2 ;  

MM_CC_A_CLAR =      130000 * MM_A_CLARunit                         ; 

 

!OPERATING COST;  

MM_OC_ALS    = 23200 * MM_ALSunit  ; 

MM_OC_AeMB   = 0.08  * MM_CC_AeMB  ; 

MM_OC_SBR    = 0.05  * MM_CC_SBR   ; 

MM_OC_EAS    = 0.05  * MM_CC_EAS   ;  

MM_OC_A_CLAR = 6500  * MM_A_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

MM_E_ALS    = 22 *  MM_ALSunit                    ; 

MM_E_AeMB   = 32 * (MM_AeMBunit_1 + MM_AeMBunit_2); 

MM_E_SBR    = 27 * (MM_SBRunit_1  + MM_SBRunit_2 ); 

MM_E_EAS    = 30 * (MM_EASunit_1  + MM_EASunit_2 ); 

MM_E_A_CLAR = 6  *  MM_A_CLARunit                 ; 

 

!CONVERSION; 

MM_APOME_ALS  = 0.9116 * MM_ANPOME_ALS  ;  !IN T/H; 

MM_APOME_AeMB = 0.9032 * MM_ANPOME_AeMB ; 

MM_APOME_SBR  = 0.9137 * MM_ANPOME_SBR  ; 

MM_APOME_EAS  = 0.9087 * MM_ANPOME_EAS  ; 

 

MM_APOMEtot   = MM_APOME_ALS + MM_APOME_AeMB + MM_APOME_SBR + MM_APOME_EAS; 

  

MM_WS_ALS     = 0.0884 * MM_ANPOME_ALS  ; 

MM_WS_AeMB    = 0.0969 * MM_ANPOME_AeMB ; 

MM_WS_SBR     = 0.0863 * MM_ANPOME_SBR  ; 

MM_WS_EAS     = 0.0913 * MM_ANPOME_EAS  ; 

 

MM_WS_A       = MM_WS_ALS + MM_WS_AeMB + MM_WS_SBR + MM_WS_EAS; 

 

!---------------------------------------------------------------------------------; 

!AEROBICALLY TREATED POME (APOME) TREATMENT; 

 

!FEED SPLITTING; 

MM_APOMEtot = MM_APOME_PT + MM_APOME_ECS; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(MM_PTunit);   !PT=PHYSIOCHEMICAL TREATMENT; 

@GIN(MM_ECSunit);  !ECS=ELECTRO-COAGULATION SYSTEM; 

 

MM_PTunit  * 30 >= MM_APOME_PT ; 

MM_ECSunit * 30 >= MM_APOME_ECS; 

 

MM_CC_PT  = 100000 * MM_PTunit ; 

MM_CC_ECS = 200000 * MM_ECSunit;  

 

!OPERATING COST;  

MM_OC_PT  = 0.05 * MM_CC_PT                               ; 

MM_OC_ECS = 0.05 * MM_CC_ECS + 0.515 * 8000 * MM_APOME_ECS;  

 

!ELECTRICITY CONSUMPTION; 

MM_E_PT   = 13   * MM_PTunit   ; 

MM_E_ECS  = 7.05 * MM_APOME_ECS; 

 

!CONVERSION; 

MM_TW_PT   = 0.95   * MM_APOME_PT ;  !TW=TREATED WATER; 

MM_BFW_ECS = 0.9481 * MM_APOME_ECS;  !BFW=BOILER FEED WATER; 

 

!---------------------------------------------------------------------------------; 

!TOTAL CAPITAL COST (CAPEX); 
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MM_CAPEX_BIOGAS = MM_CC_ORP + MM_CC_CP + MM_CC_CL + MM_CC_AMB  + MM_CC_UASB + 

MM_CC_EGSBR + MM_CC_UASFF + MM_CC_CSTR + MM_CC_HPWS + MM_CC_ACBF + MM_CC_MOBF + 

MM_CC_BRS + MM_CC_COMP + MM_CC_PSA + MM_CC_AA + MM_CC_GM + MM_CC_CS + MM_CC_COMPRESS 

+ MM_CC_ALS + MM_CC_AeMB + MM_CC_SBR + MM_CC_EAS + MM_CC_PT + MM_CC_ECS + MM_CC_GE   

+ MM_CC_GT + MM_CC_FTB + MM_CC_WTB + MM_CC_HRSG + MM_CC_ST + MM_CC_A_CLAR ; 

 

!TOTAL OPERATING COST (OPEX); 

MM_OPEX_BIOGAS = MM_OC_ORP + MM_OC_CP + MM_OC_CL + MM_OC_AMB + MM_OC_UASB + 

MM_OC_EGSBR + MM_OC_UASFF + MM_OC_CSTR + MM_OC_HPWS + MM_OC_ACBF + MM_OC_MOBF + 

MM_OC_BRS + MM_OC_COMP + MM_OC_PSA + MM_OC_AA + MM_OC_GM + MM_OC_CS + MM_OC_COMPRESS 

+ MM_OC_ALS + MM_OC_AeMB + MM_OC_SBR + MM_OC_EAS + MM_OC_PT + MM_OC_ECS + MM_OC_GE + 

MM_OC_GT + MM_OC_FTB + MM_OC_WTB + MM_OC_HRSG + MM_OC_ST + MM_OC_A_CLAR; 

 

!TOTAL UTILITY CONSUMPTION; 

MM_Etot_BIOGAS = MM_E_ORP + MM_E_CP + MM_E_CL + MM_E_AMB + MM_E_UASB + MM_E_EGSBR + 

MM_E_UASFF + MM_E_CSTR + MM_E_HPWS + MM_E_ACBF + MM_E_MOBF + MM_E_BRS + MM_E_COMP + 

MM_E_PSA + MM_E_AA + MM_E_GM + MM_E_CS + MM_E_COMPRESS + MM_E_ALS + MM_E_AeMB + 

MM_E_SBR + MM_E_EAS + MM_E_PT + MM_E_ECS + MM_E_A_CLAR; 

 

!STEAM GENERATED (LPS & MPS); 

MM_LPSgen = MM_LPSgen_HRSG + MM_LPSgen_ST2; 

MM_MPSgen = MM_MPSgen_HRSG + MM_MPSgen_ST1_SELL + MM_MPSgen_FTB_SELL; 

 

MM_BFW = MM_MPSgen + MM_LPSgen; 

 

!ELECTRICITY (KW); 

MM_Egen    = MM_Egen_GE + MM_Egen_GT + MM_Egen_HRSG + MM_Egen_ST; 

MM_E_SELL  = MM_Egen - MM_Etot_BIOGAS; 

 

MM_E_SELL >= 0; 

 

!TOTAL PRODUCTS GENERATED; 

MM_WS_BIOGAS     = MM_WS_AN + MM_WS_A;  !T/H; 

MM_TW_BIOGAS     = MM_TW_PT; 

MM_LIQCO2_BIOGAS = MM_LIQCO2;   !MJ/H; 

 

!GROSS PROFIT (GP) IN US$/Y; 

MM_GP_BIOGAS = 8000 * (MM_CBG_LHV * BIOMETHANE_PRICE + MM_LIQCO2 * LIQCO2_PRICE + 

MM_LPSgen * LPS_PRICE + MM_MPSgen * MPS_PRICE + MM_WS_BIOGAS * SLUDGE_PRICE + 

MM_BFW_ECS * BFW_PRICE    + MM_E_SELL * E_PRICE   - MM_BFW    * BFW_PRICE + 33.4 * 

MM_PTCH4_SELL * ENERGY_PRICE) - MM_OPEX_BIOGAS; 

 

@FREE(MM_GP_BIOGAS);  !TO ALLOW GP TO BE NEGATIVE VALUE; 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!HIGH SEASON; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

 

!TO LINEARISE THE FEED INPUT ACROSS THE YEAR (T/H); 

HH_POME_POM * 1000 = 0.54375 * HH_POMEtot  ; 

HH_WW              = 0.75    * HH_WS_BIOGAS; 

 

HH_OILCONTENT_POME * 1000 = 0.54375 * HH_OILCONTENT; !IN T/H; 

 

!---------------------------------------------------------------------------------; 

!OIL RECOVERY PIT (ORP); 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_ORPunit); 

 

HH_ORPunit * 800 >= (1.5 * 24 * HH_POME_POM); !RETENTION TIME=1.5DAYS; 

 

HH_CC_ORP  =  25000 * HH_ORPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_ORP = 2500 * HH_ORPunit; 
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!ELECTRICITY CONSUMPTION; 

HH_E_ORP  = 3 * HH_ORPunit; 

 

!CONVERSION; 

HH_RO_ORP * 0.7 = 0.556 * HH_OILCONTENT_POME; !RO=RECOVERED OIL; 

HH_PTPOME       = HH_POME_POM - HH_RO_ORP   ; !PTPOME=PRETREATED POME; 

 

!OIL CONTENT; 

HH_OILCONTENT_RO_ORP    = 0.556 * HH_OILCONTENT_POME; 

 

HH_OILCONTENT_PTPOME    = HH_OILCONTENT_POME - HH_OILCONTENT_RO_ORP; 

 

!---------------------------------------------------------------------------------; 

!COOLING POND; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_CPunit); 

 

HH_CPunit * 2400 >= 72 * HH_PTPOME;  !RETENTION TIME=3DAYS; 

 

HH_CC_CP  =  50000 * HH_CPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_CP = 5000 * HH_CPunit; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_CP  = 6 * HH_CPunit; 

 

!CONVERSION; 

HH_CPOME  = HH_PTPOME; 

 

!---------------------------------------------------------------------------------; 

!ANAEROBIC DIGESTION; 

 

!FEED SPLITTING; 

HH_CPOME = HH_CPOME_CL + HH_CPOME_AMB + HH_CPOME_UASB + HH_CPOME_EGSBR + 

HH_CPOME_UASFF + HH_CPOME_CSTR; 

 

HH_CPOME_AMB   = HH_CPOME_AMB_1   + HH_CPOME_AMB_2  ; 

HH_CPOME_UASB  = HH_CPOME_UASB_1  + HH_CPOME_UASB_2 ; 

HH_CPOME_EGSBR = HH_CPOME_EGSBR_1 + HH_CPOME_EGSBR_2; 

HH_CPOME_UASFF = HH_CPOME_UASFF_1 + HH_CPOME_UASFF_2; 

HH_CPOME_CSTR  = HH_CPOME_CSTR_1  + HH_CPOME_CSTR_2 ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_CLunit);  @GIN(HH_CLARunit);  @GIN(HH_AMBunit_1); 

@GIN(HH_UASBunit_1); @GIN(HH_EGSBRunit_1); @GIN(HH_UASFFunit_1); 

@GIN(HH_CSTRunit_1); @GIN(HH_AMBunit_2);  @GIN(HH_UASBunit_2); 

@GIN(HH_EGSBRunit_2); @GIN(HH_UASFFunit_2); @GIN(HH_CSTRunit_2); 

 

HH_CLunit      * 5408 >= 40   * 24 *  HH_CPOME_CL                 ; 

HH_AMBunit_1   * 2300 >= 20.6 * 24 *  HH_CPOME_AMB_1              ; 

HH_AMBunit_2   * 5130 >= 20.6 * 24 *  HH_CPOME_AMB_2              ; 

HH_UASBunit_1  * 2300 >= 4    * 24 *  HH_CPOME_UASB_1             ; 

HH_UASBunit_2  * 5130 >= 4    * 24 *  HH_CPOME_UASB_2             ; 

HH_EGSBRunit_1 * 2300 >= 9.8  * 24 *  HH_CPOME_EGSBR_1            ; 

HH_EGSBRunit_2 * 5130 >= 9.8  * 24 *  HH_CPOME_EGSBR_2            ; 

HH_UASFFunit_1 * 2300 >= 3    * 24 *  HH_CPOME_UASFF_1            ; 

HH_UASFFunit_2 * 5130 >= 3    * 24 *  HH_CPOME_UASFF_2            ; 

HH_CSTRunit_1  * 2300 >= 18   * 24 *  HH_CPOME_CSTR_1             ; 

HH_CSTRunit_2  * 5130 >= 18   * 24 *  HH_CPOME_CSTR_2             ; 

HH_CLARunit    * 2300 >= 1.2  * 24 * (HH_CPOME_CL + HH_CPOME_CSTR); 

 

HH_CC_CL    = 150000 * HH_CLunit + 130000 * HH_CLARunit        ; 

HH_CC_AMB   = 400000 * HH_AMBunit_1   + 715000 * HH_AMBunit_2  ; 

HH_CC_UASB  = 330000 * HH_UASBunit_1  + 615000 * HH_UASBunit_2 ; 

HH_CC_EGSBR = 400000 * HH_EGSBRunit_1 + 770000 * HH_EGSBRunit_2; 

HH_CC_UASFF = 460000 * HH_UASFFunit_1 + 900000 * HH_UASFFunit_2; 
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HH_CC_CSTR  = 360000 * HH_CSTRunit_1  + 665000 * HH_CSTRunit_2  + 130000 * HH_CLARunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_CL    = 25600 * HH_CLunit   + 6500 * HH_CLARunit; 

HH_OC_AMB   = 0.08  * HH_CC_AMB                       ; 

HH_OC_UASB  = 0.08  * HH_CC_UASB                      ; 

HH_OC_EGSBR = 0.08  * HH_CC_EGSBR + 150  * 0.3  * (2300 * HH_EGSBRunit_1 + 5130 * 

HH_EGSBRunit_2); 

HH_OC_UASFF = 0.08  * HH_CC_UASFF + 250  * 0.3  * (2300 * HH_UASFFunit_1 + 5130 * 

HH_UASFFunit_2); 

HH_OC_CSTR  = 0.08  * HH_CC_CSTR  + 6500 * HH_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_CL    = 28 *  HH_CLunit                        + 6 * HH_CLARunit; 

HH_E_AMB   = 32 * (HH_AMBunit_1   + HH_AMBunit_2  )                  ; 

HH_E_UASB  = 16 * (HH_UASBunit_1  + HH_UASBunit_2 )                  ; 

HH_E_EGSBR = 24 * (HH_EGSBRunit_1 + HH_EGSBRunit_2)                  ; 

HH_E_UASFF = 24 * (HH_UASFFunit_1 + HH_UASFFunit_2)                  ; 

HH_E_CSTR  = 41 * (HH_CSTRunit_1  + HH_CSTRunit_2 ) + 6 * HH_CLARunit; 

 

!CONVERSION (M3/H); 

HH_RAWCH4_CL    = 0.238 * 0.978  * 74 * HH_CPOME_CL    ; 

HH_RAWCH4_AMB   = 0.29  * 0.9737 * 74 * HH_CPOME_AMB   ; 

HH_RAWCH4_UASB  = 0.24  * 0.984  * 74 * HH_CPOME_UASB  ; 

HH_RAWCH4_EGSBR = 0.266 * 0.9489 * 74 * HH_CPOME_EGSBR ; 

HH_RAWCH4_UASFF = 0.325 * 0.986  * 74 * HH_CPOME_UASFF ; 

HH_RAWCH4_CSTR  = 0.17  * 0.8    * 74 * HH_CPOME_CSTR  ; 

 

HH_RAWCH4       = HH_RAWCH4_CL + HH_RAWCH4_AMB + HH_RAWCH4_UASB + HH_RAWCH4_EGSBR + 

HH_RAWCH4_UASFF + HH_RAWCH4_CSTR; 

 

HH_RAWCO2_CL    = 0.456/ 0.544 * HH_RAWCH4_CL   ; 

HH_RAWCO2_AMB   = 0.297/ 0.703 * HH_RAWCH4_AMB  ; 

HH_RAWCO2_UASB  = 0.458/ 0.542 * HH_RAWCH4_UASB ; 

HH_RAWCO2_EGSBR = 0.325/ 0.675 * HH_RAWCH4_EGSBR; 

HH_RAWCO2_UASFF = 0.281/ 0.719 * HH_RAWCH4_UASFF; 

HH_RAWCO2_CSTR  = 0.375/ 0.625 * HH_RAWCH4_CSTR ; 

 

HH_RAWCO2       = HH_RAWCO2_CL + HH_RAWCO2_AMB + HH_RAWCO2_UASB + HH_RAWCO2_EGSBR + 

HH_RAWCO2_UASFF + HH_RAWCO2_CSTR; 

 

HH_RAWBG        = HH_RAWCH4 + HH_RAWCO2; 

 

HH_WS_AN  = 0.014 * HH_CPOME; !IN T/H; 

 

HH_ANPOME = HH_CPOME - (0.000668 * HH_RAWCH4) - (0.0018421 * HH_RAWCO2) - HH_WS_AN; 

 

!---------------------------------------------------------------------------------; 

!H2S REMOVAL TECHNOLOGY; 

 

!FEED SPLITTING; 

HH_RAWCH4 = HH_RAWCH4_HPWS + HH_RAWCH4_ACBF + HH_RAWCH4_MOBF + HH_RAWCH4_BRS; 

HH_RAWBG  = HH_RAWBG_HPWS  + HH_RAWBG_ACBF  + HH_RAWBG_MOBF  + HH_RAWBG_BRS ; 

 

HH_RAWCH4_HPWS = HH_RAWBG_HPWS * 0.719; 

HH_RAWCH4_ACBF = HH_RAWBG_ACBF * 0.719; 

HH_RAWCH4_MOBF = HH_RAWBG_MOBF * 0.719; 

HH_RAWCH4_BRS  = HH_RAWBG_BRS  * 0.719; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_HPWSunit);  !HPWS=HIGH PRESSURE WATER SCRUBBING; 

@GIN(HH_ACBFunit);  !ACBF=ACTIVATED CARBON BED FILTER; 

@GIN(HH_MOBFunit);   !MOBF=METAL OXIDE BED FILTER; 

@GIN(HH_BRSunit) ;  !BRS=BIOLOGICAL H2S REMOVAL SYSTEM; 

 

HH_HPWSunit * 600  >= HH_RAWBG_HPWS; 

HH_ACBFunit * 1200 >= HH_RAWBG_ACBF; 

HH_MOBFunit * 600  >= HH_RAWBG_MOBF; 
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HH_BRSunit  * 300  >= HH_RAWBG_BRS ; 

 

HH_CC_HPWS = 800000 * HH_HPWSunit; 

HH_CC_ACBF = 350000 * HH_ACBFunit; 

HH_CC_MOBF = 400000 * HH_MOBFunit; 

HH_CC_BRS  = 200000 * HH_BRSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_HPWS = 0.10 * HH_CC_HPWS                             ; 

HH_OC_ACBF = 0.20 * HH_CC_ACBF + 8000 * 1.8 * HH_RAWBG_ACBF; 

HH_OC_MOBF = 0.05 * HH_CC_MOBF + 8000 * 2.5 * HH_RAWBG_MOBF; 

HH_OC_BRS  = 0.12 * HH_CC_BRS                              ; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_HPWS = 57  * HH_HPWSunit; 

HH_E_ACBF = 1.8 * HH_ACBFunit; 

HH_E_MOBF = 17  * HH_MOBFunit; 

HH_E_BRS  = 12  * HH_BRSunit ; 

 

!CONVERSION; 

HH_PTCH4_HPWS = 0.99  * HH_RAWCH4_HPWS; 

HH_PTCH4_ACBF = 0.985 * HH_RAWCH4_ACBF; 

HH_PTCH4_MOBF = 0.981 * HH_RAWCH4_MOBF; 

HH_PTCH4_BRS  = 0.97  * HH_RAWCH4_BRS ; 

 

HH_PTCH4 = HH_PTCH4_HPWS + HH_PTCH4_ACBF + HH_PTCH4_MOBF + HH_PTCH4_BRS; 

 

HH_PTBG_HPWS * 0.98  = HH_PTCH4_HPWS         ; 

HH_PTBG_ACBF         = HH_RAWBG_ACBF         ; 

HH_PTBG_MOBF         = HH_RAWBG_MOBF         ; 

HH_PTBG_BRS  * 0.719 = HH_PTCH4_BRS  * 1.081 ; 

 

HH_PTBG = HH_PTBG_HPWS + HH_PTBG_ACBF + HH_PTBG_MOBF + HH_PTBG_BRS; 

 

!---------------------------------------------------------------------------------; 

!UPGRADING COMPRESSOR; 

 

!FEED SPLITTING; 

HH_PTCH4 = HH_PTCH4_COMPBG + HH_PTCH4_CHP + HH_PTCH4_SELL; 

HH_PTBG  = HH_COMPBG       + HH_PTBG_CHP  + HH_PTBG_SELL ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_COMPunit); !COMP=UPGRADING COMPRESSOR; 

 

HH_COMPunit * 0.665 * 1000 >= HH_PTCH4_COMPBG; 

 

HH_CC_COMP  = 210000 * HH_COMPunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_COMP = 10000 * HH_COMPunit;   

 

!ELECTRICITY CONSUMPTION; 

HH_E_COMP = 0.174 * 0.665 * HH_PTCH4_COMPBG; !CHECK ON HYSYS AGAIN; 

 

!---------------------------------------------------------------------------------; 

!BIOGAS PURIFICATION TECHNOLOGY; 

 

!FEED SPLITTING; 

HH_COMPBG       = HH_COMPBG_PSA + HH_COMPBG_AA + HH_COMPBG_GM + HH_COMPBG_CS; 

HH_PTCH4_COMPBG = HH_PTCH4_PSA  + HH_PTCH4_AA  + HH_PTCH4_GM  + HH_PTCH4_CS ; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_PSAunit);  !PSA = PRESSURE SWING ADSORPTION;  

@GIN(HH_AAunit);  !AA  = AMINE ABSORPTION; 

@GIN(HH_GMunit);  !GM  = GAS MEMBRANE;  

@GIN(HH_CSunit);  !CS  = CRYOGENIC SEPARATION; 

 

HH_PSAunit * 0.665 * 1000 >= HH_PTCH4_PSA;  
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HH_AAunit  * 0.665 * 1000 >= HH_PTCH4_AA ; 

HH_GMunit  * 0.665 * 1000 >= HH_PTCH4_GM ; 

HH_CSunit  * 0.665 * 1000 >= HH_PTCH4_CS ; 

 

HH_CC_PSA  = 200000 * HH_PSAunit; 

HH_CC_AA   = 130000 * HH_AAunit ; 

HH_CC_GM   = 160000 * HH_GMunit ; 

HH_CC_CS   = 500000 * HH_CSunit ; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_PSA  = 0.10 * HH_CC_PSA; 

HH_OC_AA   = 0.15 * HH_CC_AA ; 

HH_OC_GM   = 0.08 * HH_CC_GM ; 

HH_OC_CS   = 0.06 * HH_CC_CS ; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_PSA  = 45 * HH_PSAunit; 

HH_E_AA   = 21 * HH_AAunit ; 

HH_E_GM   = 5  * HH_GMunit ; 

HH_E_CS   = 78 * HH_CSunit ;  

 

!CONVERSION; 

HH_PCH4_PSA = 0.98  * HH_PTCH4_PSA;  !M3/H; 

HH_PCH4_AA  = 0.97  * HH_PTCH4_AA ; 

HH_PCH4_GM  = 0.985 * HH_PTCH4_GM ; 

HH_PCH4_CS  = 0.999 * HH_PTCH4_CS ; 

 

HH_PCH4tot  = HH_PCH4_PSA + HH_PCH4_AA + HH_PCH4_GM + HH_PCH4_CS; 

 

HH_PBG_PSA * 0.98  = HH_PCH4_PSA; 

HH_PBG_AA  * 0.98  = HH_PCH4_AA ; 

HH_PBG_GM  * 0.99  = HH_PCH4_GM ; 

HH_PBG_CS  * 0.999 = HH_PCH4_CS ; 

 

HH_PBGtot   = HH_PBG_PSA + HH_PBG_AA + HH_PBG_GM + HH_PBG_CS; 

 

HH_LIQCO2 * 1.8421 = (HH_COMPBG_CS - HH_PBG_CS); !KG/H; 

 

!---------------------------------------------------------------------------------; 

!STORAGE COMPRESSOR; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_COMPRESSunit); !COMPRESS=STORAGE COMPRESSOR; 

 

HH_COMPRESSunit * 800 >= HH_PBGtot; 

 

HH_CC_COMPRESS  =  250000 * HH_COMPRESSunit; 

 

!OPERATING COST (OC) IN US$/Y; 

HH_OC_COMPRESS = 10000 * HH_COMPRESSunit;   

 

!ELECTRICITY CONSUMPTION; 

HH_E_COMPRESS = 0.234 * HH_PBGtot; 

 

!CONVERSION; 

HH_CBG = HH_PBGtot;     !M3/H; 

HH_CBG_LHV = 50 * 0.668 * HH_PCH4tot;  !MJ/H; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 1; 

@GIN(HH_GEunit); @GIN(HH_GTunit);  @GIN(HH_FTBunit); @GIN(HH_WTBunit);  

 

!FEED SPLITTING; 

HH_PTBG_CHP  = HH_PTBG_GE  + HH_PTBG_GT  + HH_PTBG_FTB  + HH_PTBG_WTB ; 

HH_PTCH4_CHP = HH_PTCH4_GE + HH_PTCH4_GT + HH_PTCH4_FTB + HH_PTCH4_WTB; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

HH_GEunit  * 1000  >= HH_Egen_GE   ; 



Appendices 

clxxiii 

HH_GTunit  * 1000  >= HH_Egen_GT   ; 

HH_FTBunit * 40000 >= HH_MPSgen_FTB; 

HH_WTBunit * 10000 >= HH_HPSgen_WTB; 

 

HH_CC_GE  = 315000  * HH_GEunit ; 

HH_CC_GT  = 1550000 * HH_GTunit ; 

HH_CC_FTB = 3500000 * HH_FTBunit; 

HH_CC_WTB = 1500000 * HH_WTBunit; 

 

!OPERATING COST, OC (US$/Y); 

HH_OC_GE  = 0.08 * HH_CC_GE ; 

HH_OC_GT  = 0.05 * HH_CC_GT ; 

HH_OC_FTB = 0.04 * HH_CC_FTB; 

HH_OC_WTB = 0.04 * HH_CC_WTB; 

 

!CONVERSION; 

HH_Egen_GE    = 0.4  * 35.8 * 0.2778 * HH_PTCH4_GE ; 

HH_Egen_GT    = 0.33 * 35.8 * 0.2778 * HH_PTCH4_GT ; 

HH_HOTAIR     = 0.6  * 35.8 * 1.4167 * HH_PTCH4_GE   + 0.67 * 35.8 * 1.4167 * 

HH_PTCH4_GT; 

HH_MPSgen_FTB = 0.5  * 35.8 * 0.3991 * HH_PTCH4_FTB; 

HH_HPSgen_WTB = 0.5  * 35.8 * 0.3882 * HH_PTCH4_WTB; 

 

!---------------------------------------------------------------------------------; 

!ENERGY CONVERSION 2; 

@GIN(HH_HRSGunit); @GIN(HH_ST1unit); @GIN(HH_ST2unit); 

 

!FEED SPLITTING; 

HH_HOTAIR     = HH_HOTAIR_HRSG1   + HH_HOTAIR_HRSG2   + HH_HOTAIR_SELL; 

HH_MPSgen_FTB = HH_MPSgen_FTB_ST2 + HH_MPSgen_FTB_SELL                ; 

HH_MPSgen_ST1 = HH_MPSgen_ST1_ST2 + HH_MPSgen_ST1_SELL                ; 

 

!CAPITAL COST, CC (US$) AND UNITS REQUIRED; 

HH_HRSGunit * 36000 >= HH_HOTAIR_HRSG1 + HH_HOTAIR_HRSG2; 

HH_ST1unit  * 1000  >= HH_Egen_ST1                      ; 

HH_ST2unit  * 500   >= HH_Egen_ST2                      ; 

 

HH_CC_HRSG = 750000 * HH_HRSGunit                      ; 

HH_CC_ST   = 830000 * HH_ST1unit  + 610000 * HH_ST2unit; 

 

!OPERATING COST, OC (US$/Y); 

HH_OC_HRSG = 0.06 * HH_CC_HRSG; 

HH_OC_ST   = 0.02 * HH_CC_ST  ; 

 

!CONVERSION; 

HH_Egen_HRSG = 0.0272 * HH_HOTAIR_HRSG1; 

 

HH_Egen_ST1 = 0.0136 *  HH_HPSgen_WTB   ; 

HH_Egen_ST2 = 0.0317 * (HH_MPSgen_ST1_ST2 + HH_MPSgen_FTB_ST2); 

HH_Egen_ST  = HH_Egen_ST1 + HH_Egen_ST2 ; 

 

HH_LPSgen_HRSG = 0.0544 * HH_HOTAIR_HRSG1; 

HH_LPSgen_ST2  = HH_MPSgen_ST1_ST2       ; 

 

HH_MPSgen_HRSG = 0.0544 * HH_HOTAIR_HRSG2; 

HH_MPSgen_ST1  = HH_HPSgen_WTB           ; 

 

!---------------------------------------------------------------------------------; 

!AEROBIC DIGESTION; 

 

HH_ANPOMEtot = HH_ANPOME + HH_WW; 

 

!FEED SPLITTING; 

HH_ANPOMEtot = HH_ANPOME_ALS + HH_ANPOME_AeMB + HH_ANPOME_SBR + HH_ANPOME_EAS; 

 

HH_ANPOME_AeMB = HH_ANPOME_AeMB_1 + HH_ANPOME_AeMB_2; 

HH_ANPOME_SBR  = HH_ANPOME_SBR_1  + HH_ANPOME_SBR_2 ; 

HH_ANPOME_EAS  = HH_ANPOME_EAS_1  + HH_ANPOME_EAS_2 ; 
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!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_ALSunit)   ;  !ALS=AEROBIC LAGOON SYSTEM; 

@GIN(HH_AeMBunit_1); 

@GIN(HH_AeMBunit_2);  !AeMB=AEROBIC MEMBRANE BIOREACTOR; 

@GIN(HH_SBRunit_1) ; 

@GIN(HH_SBRunit_2) ;  !SBR=SEQUENCING BATCH REACTOR; 

@GIN(HH_EASunit_1) ; 

@GIN(HH_EASunit_2) ;  !EAS=EXTENDED AERATION SYSTEM; 

@GIN(HH_A_CLARunit);  !CLARIFIER UNIT FOR AEROBIC DIGESTION; 

 

HH_ALSunit    * 5408 >= 31  * 24 *  HH_ANPOME_ALS                 ; 

HH_AeMBunit_1 * 2300 >= 13  * 24 *  HH_ANPOME_AeMB_1              ; 

HH_AeMBunit_2 * 5130 >= 13  * 24 *  HH_ANPOME_AeMB_2              ; 

HH_SBRunit_1  * 2300 >= 1   * 24 *  HH_ANPOME_SBR_1               ; 

HH_SBRunit_2  * 5130 >= 1   * 24 *  HH_ANPOME_SBR_2               ; 

HH_EASunit_1  * 2300 >= 6.5 * 24 *  HH_ANPOME_EAS_1               ; 

HH_EASunit_2  * 5130 >= 6.5 * 24 *  HH_ANPOME_EAS_2               ; 

HH_A_CLARunit * 2300 >= 1.2 * 24 * (HH_ANPOME_ALS + HH_ANPOME_EAS); 

 

HH_CC_ALS    =      140000 * HH_ALSunit                            ; 

HH_CC_AeMB   =      400000 * HH_AeMBunit_1 + 715000 * HH_AeMBunit_2; 

HH_CC_SBR    = 4 * (270000 * HH_SBRunit_1  + 550000 * HH_SBRunit_2); 

HH_CC_EAS    =      230000 * HH_EASunit_1  + 400000 * HH_EASunit_2 ;  

HH_CC_A_CLAR =      130000 * HH_A_CLARunit                         ; 

 

!OPERATING COST;  

HH_OC_ALS    = 23200 * HH_ALSunit  ; 

HH_OC_AeMB   = 0.08  * HH_CC_AeMB  ; 

HH_OC_SBR    = 0.05  * HH_CC_SBR   ; 

HH_OC_EAS    = 0.05  * HH_CC_EAS   ;  

HH_OC_A_CLAR = 6500  * HH_A_CLARunit; 

 

!ELECTRICITY CONSUMPTION; 

HH_E_ALS    = 22 *  HH_ALSunit                    ; 

HH_E_AeMB   = 32 * (HH_AeMBunit_1 + HH_AeMBunit_2); 

HH_E_SBR    = 27 * (HH_SBRunit_1  + HH_SBRunit_2 ); 

HH_E_EAS    = 30 * (HH_EASunit_1  + HH_EASunit_2 ); 

HH_E_A_CLAR = 6  *  HH_A_CLARunit                 ; 

 

!CONVERSION; 

HH_APOME_ALS  = 0.9116 * HH_ANPOME_ALS  ;  !IN T/H; 

HH_APOME_AeMB = 0.9032 * HH_ANPOME_AeMB ; 

HH_APOME_SBR  = 0.9137 * HH_ANPOME_SBR  ; 

HH_APOME_EAS  = 0.9087 * HH_ANPOME_EAS  ; 

 

HH_APOMEtot   = HH_APOME_ALS + HH_APOME_AeMB + HH_APOME_SBR + HH_APOME_EAS; 

  

HH_WS_ALS     = 0.0884 * HH_ANPOME_ALS  ; 

HH_WS_AeMB    = 0.0969 * HH_ANPOME_AeMB ; 

HH_WS_SBR     = 0.0863 * HH_ANPOME_SBR  ; 

HH_WS_EAS     = 0.0913 * HH_ANPOME_EAS  ; 

 

HH_WS_A       = HH_WS_ALS + HH_WS_AeMB + HH_WS_SBR + HH_WS_EAS; 

 

!---------------------------------------------------------------------------------; 

!AEROBICALLY TREATED POME (APOME) TREATMENT; 

 

!FEED SPLITTING; 

HH_APOMEtot = HH_APOME_PT + HH_APOME_ECS; 

 

!CAPITAL COST (CC) IN US$ AND UNITS REQUIRED; 

@GIN(HH_PTunit);   !PT=PHYSIOCHEMICAL TREATMENT; 

@GIN(HH_ECSunit);  !ECS=ELECTRO-COAGULATION SYSTEM; 

 

HH_PTunit  * 30 >= HH_APOME_PT ; 

HH_ECSunit * 30 >= HH_APOME_ECS; 
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HH_CC_PT  = 100000 * HH_PTunit ; 

HH_CC_ECS = 200000 * HH_ECSunit;  

 

!OPERATING COST;  

HH_OC_PT  = 0.05 * HH_CC_PT                               ; 

HH_OC_ECS = 0.05 * HH_CC_ECS + 0.515 * 8000 * HH_APOME_ECS;  

 

!ELECTRICITY CONSUMPTION; 

HH_E_PT   = 13   * HH_PTunit   ; 

HH_E_ECS  = 7.05 * HH_APOME_ECS; 

 

!CONVERSION; 

HH_TW_PT   = 0.95   * HH_APOME_PT ;  !TW=TREATED WATER; 

HH_BFW_ECS = 0.9481 * HH_APOME_ECS;  !BFW=BOILER FEED WATER; 

 

!---------------------------------------------------------------------------------; 

!TOTAL CAPITAL COST (CAPEX); 

HH_CAPEX_BIOGAS = HH_CC_ORP + HH_CC_CP + HH_CC_CL + HH_CC_AMB  + HH_CC_UASB + 

HH_CC_EGSBR + HH_CC_UASFF + HH_CC_CSTR + HH_CC_HPWS + HH_CC_ACBF + HH_CC_MOBF + 

HH_CC_BRS + HH_CC_COMP + HH_CC_PSA + HH_CC_AA + HH_CC_GM + HH_CC_CS + HH_CC_COMPRESS 

+ HH_CC_ALS + HH_CC_AeMB + HH_CC_SBR + HH_CC_EAS + HH_CC_PT + HH_CC_ECS + HH_CC_GE   

+ HH_CC_GT + HH_CC_FTB + HH_CC_WTB + HH_CC_HRSG + HH_CC_ST + HH_CC_A_CLAR ; 

 

!TOTAL OPERATING COST (OPEX); 

HH_OPEX_BIOGAS = HH_OC_ORP + HH_OC_CP + HH_OC_CL + HH_OC_AMB + HH_OC_UASB + 

HH_OC_EGSBR + HH_OC_UASFF + HH_OC_CSTR + HH_OC_HPWS + HH_OC_ACBF + HH_OC_MOBF + 

HH_OC_BRS + HH_OC_COMP + HH_OC_PSA + HH_OC_AA + HH_OC_GM + HH_OC_CS + HH_OC_COMPRESS 

+ HH_OC_ALS + HH_OC_AeMB + HH_OC_SBR + HH_OC_EAS + HH_OC_PT + HH_OC_ECS + HH_OC_GE + 

HH_OC_GT + HH_OC_FTB + HH_OC_WTB + HH_OC_HRSG + HH_OC_ST + HH_OC_A_CLAR; 

 

!TOTAL UTILITY CONSUMPTION; 

HH_Etot_BIOGAS = HH_E_ORP + HH_E_CP + HH_E_CL + HH_E_AMB + HH_E_UASB + HH_E_EGSBR + 

HH_E_UASFF + HH_E_CSTR + HH_E_HPWS + HH_E_ACBF + HH_E_MOBF + HH_E_BRS + HH_E_COMP + 

HH_E_PSA + HH_E_AA + HH_E_GM + HH_E_CS + HH_E_COMPRESS + HH_E_ALS + HH_E_AeMB + 

HH_E_SBR + HH_E_EAS + HH_E_PT + HH_E_ECS + HH_E_A_CLAR; 

 

!STEAM GENERATED (LPS & MPS); 

HH_LPSgen = HH_LPSgen_HRSG + HH_LPSgen_ST2; 

HH_MPSgen = HH_MPSgen_HRSG + HH_MPSgen_ST1_SELL + HH_MPSgen_FTB_SELL; 

 

HH_BFW = HH_MPSgen + HH_LPSgen; 

 

!ELECTRICITY (KW); 

HH_Egen    = HH_Egen_GE + HH_Egen_GT + HH_Egen_HRSG + HH_Egen_ST; 

HH_E_SELL  = HH_Egen - HH_Etot_BIOGAS; 

 

HH_E_SELL >= 0; 

 

!TOTAL PRODUCTS GENERATED; 

HH_WS_BIOGAS     = HH_WS_AN + HH_WS_A;  !T/H; 

HH_TW_BIOGAS     = HH_TW_PT; 

HH_LIQCO2_BIOGAS = HH_LIQCO2;   !MJ/H; 

 

!GROSS PROFIT (GP) IN US$/Y; 

HH_GP_BIOGAS = 8000 * (HH_CBG_LHV * BIOMETHANE_PRICE + HH_LIQCO2 * LIQCO2_PRICE + 

HH_LPSgen * LPS_PRICE + HH_MPSgen * MPS_PRICE + HH_WS_BIOGAS * SLUDGE_PRICE + 

HH_BFW_ECS * BFW_PRICE    + HH_E_SELL * E_PRICE   - HH_BFW    * BFW_PRICE + 33.4 * 

HH_PTCH4_SELL * ENERGY_PRICE) - HH_OPEX_BIOGAS; 

 

@FREE(HH_GP_BIOGAS);  !TO ALLOW GP TO BE NEGATIVE VALUE; 

 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

!ADDITIONAL CONSTRAINTS TO ENSURE SIMILAR IBWT PATHWAYS FOR ALL SEASONS; 

!xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx; 

 

HH_ORPunit  >= MM_ORPunit; MM_ORPunit   >= LL_ORPunit ; 

HH_CPunit  >= MM_CPunit; MM_CPunit   >= LL_CPunit ; 
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HH_CLunit  >= MM_CLunit; MM_CLunit   >= LL_CLunit ; 

HH_CLARunit >= MM_CLARunit; MM_CLARunit  >= LL_CLARunit; 

HH_AMBunit_1 >= MM_AMBunit_1; MM_AMBunit_1  >= LL_AMBunit_1; 

HH_UASBunit_1 >= MM_UASBunit_1; MM_UASBunit_1  >= LL_UASBunit_1; 

HH_EGSBRunit_1 >= MM_EGSBRunit_1; MM_EGSBRunit_1  >= LL_EGSBRunit_1; 

HH_UASFFunit_1  >= MM_UASFFunit_1; MM_UASFFunit_1  >= LL_UASFFunit_1; 

HH_CSTRunit_1 >= MM_CSTRunit_1; MM_CSTRunit_1  >= LL_CSTRunit_1; 

HH_AMBunit_2  >= MM_AMBunit_2; MM_AMBunit_2  >= LL_AMBunit_2; 

HH_UASBunit_2  >= MM_UASBunit_2; MM_UASBunit_2  >= LL_UASBunit_2; 

HH_EGSBRunit_2  >= MM_EGSBRunit_2; MM_EGSBRunit_2  >= LL_EGSBRunit_2; 

HH_UASFFunit_2 >= MM_UASFFunit_2; MM_UASFFunit_2 >= LL_UASFFunit_2; 

HH_CSTRunit_2 >= MM_CSTRunit_2; MM_CSTRunit_2  >= LL_CSTRunit_2; 

 

HH_HPWSunit  >= MM_HPWSunit; MM_HPWSunit  >= LL_HPWSunit; 

HH_ACBFunit  >= MM_ACBFunit; MM_ACBFunit  >= LL_ACBFunit; 

HH_MOBFunit >= MM_MOBFunit; MM_MOBFunit  >= LL_MOBFunit; 

HH_BRSunit  >= MM_BRSunit; MM_BRSunit  >= LL_BRSunit ; 

 

HH_COMPunit  >= MM_COMPunit; MM_COMPunit  >= LL_COMPunit; 

HH_PSAunit  >= MM_PSAunit; MM_PSAunit  >= LL_PSAunit; 

HH_AAunit  >= MM_AAunit; MM_AAunit   >= LL_AAunit ; 

HH_GMunit  >= MM_GMunit; MM_GMunit   >= LL_GMunit ; 

HH_CSunit  >= MM_CSunit; MM_CSunit   >= LL_CSunit; 

HH_COMPRESSunit >= MM_COMPRESSunit; MM_COMPRESSunit  >= LL_COMPRESSunit; 

 

HH_GEunit  >= MM_GEunit; MM_GEunit   >= LL_GEunit; 

HH_GTunit  >= MM_GTunit; MM_GTunit   >= LL_GTunit; 

HH_FTBunit  >= MM_FTBunit; MM_FTBunit  >= LL_FTBunit; 

HH_WTBunit  >= MM_WTBunit; MM_WTBunit  >= LL_WTBunit; 

HH_HRSGunit  >= MM_HRSGunit; MM_HRSGunit  >= LL_HRSGunit; 

HH_ST1unit  >= MM_ST1unit; MM_ST1unit  >= LL_ST1unit; 

HH_ST2unit  >= MM_ST2unit; MM_ST2unit  >= LL_ST2unit; 

 

HH_ALSunit  >= MM_ALSunit; MM_ALSunit  >= LL_ALSunit; 

HH_AeMBunit_1 >= MM_AeMBunit_1; MM_AeMBunit_1  >= LL_AeMBunit_1; 

HH_SBRunit_1 >= MM_SBRunit_1; MM_SBRunit_1  >= LL_SBRunit_1; 

HH_EASunit_1  >= MM_EASunit_1; MM_EASunit_1  >= LL_EASunit_1; 

HH_AeMBunit_2 >= MM_AeMBunit_2; MM_AeMBunit_2 >= LL_AeMBunit_2; 

HH_SBRunit_2 >= MM_SBRunit_2; MM_SBRunit_2 >= LL_SBRunit_2; 

HH_EASunit_2 >= MM_EASunit_2; MM_EASunit_2  >= LL_EASunit_2; 

HH_A_CLARunit  >= MM_A_CLARunit; MM_A_CLARunit   >= LL_A_CLARunit; 

 

HH_PTunit  >= MM_PTunit; MM_PTunit   >= LL_PTunit; 

HH_ECSunit  >= MM_ECSunit; MM_ECSunit  >= LL_ECSunit; 

 

END 

 

A.2.4.4. Scenario 2 (Results) 

  Global optimal solution found. 

  Objective value:                              99996.21 

  Objective bound:                              99996.21 

  Infeasibilities:                              0.000000 

  Extended solver steps:                               2 

  Total solver iterations:                          1456 

  Elapsed runtime seconds:                          0.31 

 

  Model Class:                                      MILP 

 

  Total variables:                    821 

  Nonlinear variables:                  0 

  Integer variables:                  123 

 

  Total constraints:                  790 

  Nonlinear constraints:                0 
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  Total nonzeros:                    2207 

  Nonlinear nonzeros:                   0 

 

                                Variable           Value        Reduced Cost 

                            EP_BIOGASTOT        99996.21            0.000000 

                                  BIOGAS        2205.388            0.000000 

                              LL_PCH4TOT        302.8872            0.000000 

                              MM_PCH4TOT        407.8233            0.000000 

                              HH_PCH4TOT        585.7960            0.000000 

                                  E_SELL        0.000000            0.000000 

                               LL_E_SELL        0.000000            147.4551 

                               MM_E_SELL        0.000000            117.7519 

                               HH_E_SELL        0.000000            88.40236 

                                      GP        391431.6            0.000000 

                            GP_BIOGASTOT        391431.6            0.000000 

                                     CER        0.000000            0.000000 

                         HH_CAPEX_BIOGAS        3025000.            0.000000 

                            LL_GP_BIOGAS        214363.7            0.000000 

                            MM_GP_BIOGAS        385241.7            0.000000 

                            HH_GP_BIOGAS        695025.9            0.000000 

                            LL_EP_BIOGAS       -36126.21            0.000000 

                         LL_CAPEX_BIOGAS        2600000.            0.000000 

                            MM_EP_BIOGAS        113074.8            0.000000 

                         MM_CAPEX_BIOGAS        2825000.            0.000000 

                            HH_EP_BIOGAS        403590.4            0.000000 

                            ENERGY_PRICE       0.3355000E-02        0.000000 

                        BIOMETHANE_PRICE       0.5813000E-02        0.000000 

                            LIQCO2_PRICE        0.000000            0.000000 

                                 E_PRICE        0.000000            0.000000 

                               MPS_PRICE       0.1700000E-01        0.000000 

                               LPS_PRICE       0.1200000E-01        0.000000 

                               BFW_PRICE        1.160000            0.000000 

                            SLUDGE_PRICE        2.000000            0.000000 

                              LL_POMETOT        31255.00            0.000000 

                              MM_POMETOT        41669.00            0.000000 

                              HH_POMETOT        59036.00            0.000000 

                           LL_OILCONTENT        383.0000            0.000000 

                           MM_OILCONTENT        511.0000            0.000000 

                           HH_OILCONTENT        723.0000            0.000000 

                             LL_POME_POM        16.99491            0.000000 

                                   LL_WW        1.368774            0.000000 

                            LL_WS_BIOGAS        1.825032            0.000000 

                      LL_OILCONTENT_POME       0.2082562            0.000000 

                              LL_ORPUNIT        1.000000            1484.865 

                               LL_CC_ORP        25000.00            0.000000 

                               LL_OC_ORP        2500.000            0.000000 

                                LL_E_ORP        3.000000            0.000000 

                               LL_RO_ORP       0.1654150            0.000000 

                               LL_PTPOME        16.82949            0.000000 

                    LL_OILCONTENT_RO_ORP       0.1157905            0.000000 

                    LL_OILCONTENT_PTPOME       0.9246577E-01        0.000000 

                               LL_CPUNIT        1.000000            2969.731 

                                LL_CC_CP        50000.00            0.000000 

                                LL_OC_CP        5000.000            0.000000 

                                 LL_E_CP        6.000000            0.000000 

                                LL_CPOME        16.82949            0.000000 

                             LL_CPOME_CL        0.000000            3700.069 

                            LL_CPOME_AMB        0.000000            0.000000 

                           LL_CPOME_UASB        0.000000            0.000000 

                          LL_CPOME_EGSBR        0.000000            0.000000 

                          LL_CPOME_UASFF        16.82949            0.000000 

                           LL_CPOME_CSTR        0.000000            7743.109 

                          LL_CPOME_AMB_1        0.000000            1599.096 

                          LL_CPOME_AMB_2        0.000000            1599.096 

                         LL_CPOME_UASB_1        0.000000            3558.273 

                         LL_CPOME_UASB_2        0.000000            3558.273 

                        LL_CPOME_EGSBR_1        0.000000            2858.997 
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                        LL_CPOME_EGSBR_2        0.000000            2858.997 

                        LL_CPOME_UASFF_1        16.82949            0.000000 

                        LL_CPOME_UASFF_2        0.000000            0.000000 

                         LL_CPOME_CSTR_1        0.000000            0.000000 

                         LL_CPOME_CSTR_2        0.000000            0.000000 

                               LL_CLUNIT        0.000000            14803.94 

                             LL_CLARUNIT        0.000000            11527.26 

                            LL_AMBUNIT_1        0.000000            18062.56 

                           LL_UASBUNIT_1        0.000000            13368.08 

                          LL_EGSBRUNIT_1        0.000000            60042.42 

                          LL_UASFFUNIT_1        1.000000            90817.02 

                           LL_CSTRUNIT_1        0.000000            18055.26 

                            LL_AMBUNIT_2        0.000000            28570.96 

                           LL_UASBUNIT_2        0.000000            22875.68 

                          LL_EGSBRUNIT_2        0.000000            125490.6 

                          LL_UASFFUNIT_2        0.000000            194003.7 

                           LL_CSTRUNIT_2        0.000000            28230.06 

                                LL_CC_CL        0.000000            0.000000 

                               LL_CC_AMB        0.000000            0.000000 

                              LL_CC_UASB        0.000000            0.000000 

                             LL_CC_EGSBR        0.000000            0.000000 

                             LL_CC_UASFF        460000.0            0.000000 

                              LL_CC_CSTR        0.000000            0.000000 

                                LL_OC_CL        0.000000            0.000000 

                               LL_OC_AMB        0.000000            0.000000 

                              LL_OC_UASB        0.000000            0.000000 

                             LL_OC_EGSBR        0.000000            0.000000 

                             LL_OC_UASFF        209300.0            0.000000 

                              LL_OC_CSTR        0.000000            0.000000 

                                 LL_E_CL        0.000000            0.000000 

                                LL_E_AMB        0.000000            0.000000 

                               LL_E_UASB        0.000000            0.000000 

                              LL_E_EGSBR        0.000000            0.000000 

                              LL_E_UASFF        24.00000            0.000000 

                               LL_E_CSTR        0.000000            0.000000 

                            LL_RAWCH4_CL        0.000000            0.000000 

                           LL_RAWCH4_AMB        0.000000            0.000000 

                          LL_RAWCH4_UASB        0.000000            0.000000 

                         LL_RAWCH4_EGSBR        0.000000            0.000000 

                         LL_RAWCH4_UASFF        399.0828            0.000000 

                          LL_RAWCH4_CSTR        0.000000            0.000000 

                               LL_RAWCH4        399.0828            0.000000 

                            LL_RAWCO2_CL        0.000000            0.000000 

                           LL_RAWCO2_AMB        0.000000            0.000000 

                          LL_RAWCO2_UASB        0.000000            0.000000 

                         LL_RAWCO2_EGSBR        0.000000            0.000000 

                         LL_RAWCO2_UASFF        155.9698            0.000000 

                          LL_RAWCO2_CSTR        0.000000            0.000000 

                               LL_RAWCO2        155.9698            0.000000 

                                LL_RAWBG        555.0525            0.000000 

                                LL_WS_AN       0.2356129            0.000000 

                               LL_ANPOME        16.03998            0.000000 

                          LL_RAWCH4_HPWS        0.000000            0.000000 

                          LL_RAWCH4_ACBF        0.000000            0.000000 

                          LL_RAWCH4_MOBF        0.000000            0.000000 

                           LL_RAWCH4_BRS        399.0828            0.000000 

                           LL_RAWBG_HPWS        0.000000            0.000000 

                           LL_RAWBG_ACBF        0.000000            5998.474 

                           LL_RAWBG_MOBF        0.000000            8335.361 

                            LL_RAWBG_BRS        555.0525            0.000000 

                             LL_HPWSUNIT        0.000000            36703.84 

                             LL_ACBFUNIT        0.000000            29455.42 

                             LL_MOBFUNIT        0.000000            10846.74 

                              LL_BRSUNIT        2.000000            11777.46 

                              LL_CC_HPWS        0.000000            0.000000 

                              LL_CC_ACBF        0.000000            0.000000 

                              LL_CC_MOBF        0.000000            0.000000 

                               LL_CC_BRS        400000.0            0.000000 
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                              LL_OC_HPWS        0.000000            0.000000 

                              LL_OC_ACBF        0.000000            0.000000 

                              LL_OC_MOBF        0.000000            0.000000 

                               LL_OC_BRS        48000.00            0.000000 

                               LL_E_HPWS        0.000000            0.000000 

                               LL_E_ACBF        0.000000            0.000000 

                               LL_E_MOBF        0.000000            0.000000 

                                LL_E_BRS        24.00000            0.000000 

                           LL_PTCH4_HPWS        0.000000            0.000000 

                           LL_PTCH4_ACBF        0.000000            0.000000 

                           LL_PTCH4_MOBF        0.000000            0.000000 

                            LL_PTCH4_BRS        387.1103            0.000000 

                                LL_PTCH4        387.1103            0.000000 

                            LL_PTBG_HPWS        0.000000            0.000000 

                            LL_PTBG_ACBF        0.000000            0.000000 

                            LL_PTBG_MOBF        0.000000            0.000000 

                             LL_PTBG_BRS        582.0114            0.000000 

                                 LL_PTBG        582.0114            0.000000 

                         LL_PTCH4_COMPBG        307.4997            0.000000 

                            LL_PTCH4_CHP        79.61060            0.000000 

                           LL_PTCH4_SELL        0.000000            212.7685 

                               LL_COMPBG        0.000000            0.000000 

                             LL_PTBG_CHP        582.0114            0.000000 

                            LL_PTBG_SELL        0.000000            0.000000 

                             LL_COMPUNIT        1.000000            4170.000 

                              LL_CC_COMP        210000.0            0.000000 

                              LL_OC_COMP        10000.00            0.000000 

                               LL_E_COMP        35.58079            0.000000 

                           LL_COMPBG_PSA        0.000000            0.000000 

                            LL_COMPBG_AA        0.000000            0.000000 

                            LL_COMPBG_GM        0.000000            0.000000 

                            LL_COMPBG_CS        0.000000            0.000000 

                            LL_PTCH4_PSA        0.000000            3.412757 

                             LL_PTCH4_AA        0.000000            9.537655 

                             LL_PTCH4_GM        307.4997            0.000000 

                             LL_PTCH4_CS        0.000000            0.000000 

                              LL_PSAUNIT        0.000000            14975.48 

                               LL_AAUNIT        0.000000            11228.06 

                               LL_GMUNIT        1.000000            6074.876 

                               LL_CSUNIT        0.000000            18097.31 

                               LL_CC_PSA        0.000000            0.000000 

                                LL_CC_AA        0.000000            0.000000 

                                LL_CC_GM        160000.0            0.000000 

                                LL_CC_CS        0.000000            0.000000 

                               LL_OC_PSA        0.000000            0.000000 

                                LL_OC_AA        0.000000            0.000000 

                                LL_OC_GM        12800.00            0.000000 

                                LL_OC_CS        0.000000            0.000000 

                                LL_E_PSA        0.000000            0.000000 

                                 LL_E_AA        0.000000            0.000000 

                                 LL_E_GM        5.000000            0.000000 

                                 LL_E_CS        0.000000            0.000000 

                             LL_PCH4_PSA        0.000000            0.000000 

                              LL_PCH4_AA        0.000000            0.000000 

                              LL_PCH4_GM        302.8872            0.000000 

                              LL_PCH4_CS        0.000000            0.000000 

                              LL_PBG_PSA        0.000000            0.000000 

                               LL_PBG_AA        0.000000            0.000000 

                               LL_PBG_GM        305.9467            0.000000 

                               LL_PBG_CS        0.000000            0.000000 

                               LL_PBGTOT        305.9467            0.000000 

                               LL_LIQCO2        0.000000            0.000000 

                         LL_COMPRESSUNIT        1.000000            4170.000 

                          LL_CC_COMPRESS        250000.0            0.000000 

                          LL_OC_COMPRESS        10000.00            0.000000 

                           LL_E_COMPRESS        71.59152            0.000000 

                                  LL_CBG        305.9467            0.000000 

                              LL_CBG_LHV        10116.43            0.000000 
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                               LL_GEUNIT        1.000000            10508.40 

                               LL_GTUNIT        0.000000            32317.50 

                              LL_FTBUNIT        0.000000            58380.00 

                              LL_WTBUNIT        0.000000            25020.00 

                              LL_PTBG_GE        582.0114            0.000000 

                              LL_PTBG_GT        0.000000            0.000000 

                             LL_PTBG_FTB        0.000000            0.000000 

                             LL_PTBG_WTB        0.000000            0.000000 

                             LL_PTCH4_GE        79.61060            0.000000 

                             LL_PTCH4_GT        0.000000            0.000000 

                            LL_PTCH4_FTB        0.000000            0.000000 

                            LL_PTCH4_WTB        0.000000            0.000000 

                              LL_EGEN_GE        316.6986            0.000000 

                              LL_EGEN_GT        0.000000            31.27836 

                           LL_MPSGEN_FTB        0.000000            82.11082 

                           LL_HPSGEN_WTB        0.000000            3897.464 

                                LL_CC_GE        315000.0            0.000000 

                                LL_CC_GT        0.000000            0.000000 

                               LL_CC_FTB        0.000000            0.000000 

                               LL_CC_WTB        0.000000            0.000000 

                                LL_OC_GE        25200.00            0.000000 

                                LL_OC_GT        0.000000            0.000000 

                               LL_OC_FTB        0.000000            0.000000 

                               LL_OC_WTB        0.000000            0.000000 

                               LL_HOTAIR        2422.608            0.000000 

                             LL_HRSGUNIT        0.000000            18765.00 

                              LL_ST1UNIT        0.000000           -140532.9 

                              LL_ST2UNIT        0.000000           -68640.17 

                         LL_HOTAIR_HRSG1        0.000000            204.3264 

                         LL_HOTAIR_HRSG2        0.000000            207.4298 

                          LL_HOTAIR_SELL        2422.608            0.000000 

                       LL_MPSGEN_FTB_ST2        0.000000            0.000000 

                      LL_MPSGEN_FTB_SELL        0.000000            3813.048 

                           LL_MPSGEN_ST1        0.000000            0.000000 

                       LL_MPSGEN_ST1_ST2        0.000000            16.68000 

                      LL_MPSGEN_ST1_SELL        0.000000            0.000000 

                             LL_EGEN_ST1        0.000000            0.000000 

                             LL_EGEN_ST2        0.000000            0.000000 

                              LL_CC_HRSG        0.000000            0.000000 

                                LL_CC_ST        0.000000            0.000000 

                              LL_OC_HRSG        0.000000            0.000000 

                                LL_OC_ST        0.000000            0.000000 

                            LL_EGEN_HRSG        0.000000            0.000000 

                              LL_EGEN_ST        0.000000            0.000000 

                          LL_LPSGEN_HRSG        0.000000            0.000000 

                           LL_LPSGEN_ST2        0.000000            0.000000 

                          LL_MPSGEN_HRSG        0.000000            0.000000 

                            LL_ANPOMETOT        17.40875            0.000000 

                           LL_ANPOME_ALS        0.000000            20.06183 

                          LL_ANPOME_AEMB        0.000000            0.000000 

                           LL_ANPOME_SBR        0.000000            0.000000 

                           LL_ANPOME_EAS        17.40875            0.000000 

                        LL_ANPOME_AEMB_1        0.000000            0.000000 

                        LL_ANPOME_AEMB_2        0.000000            0.000000 

                         LL_ANPOME_SBR_1        0.000000            34.58936 

                         LL_ANPOME_SBR_2        0.000000            34.58936 

                         LL_ANPOME_EAS_1        0.000000            0.000000 

                         LL_ANPOME_EAS_2        17.40875            0.000000 

                              LL_ALSUNIT        0.000000            12918.41 

                           LL_AEMBUNIT_1        0.000000            17776.31 

                           LL_AEMBUNIT_2        0.000000            27932.49 

                            LL_SBRUNIT_1        0.000000            26499.29 

                            LL_SBRUNIT_2        0.000000            49851.29 

                            LL_EASUNIT_1        0.000000            9219.154 

                            LL_EASUNIT_2        1.000000            12763.65 

                           LL_A_CLARUNIT        1.000000            3595.231 

                               LL_CC_ALS        0.000000            0.000000 

                              LL_CC_AEMB        0.000000            0.000000 
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                               LL_CC_SBR        0.000000            0.000000 

                               LL_CC_EAS        400000.0            0.000000 

                            LL_CC_A_CLAR        130000.0            0.000000 

                               LL_OC_ALS        0.000000            0.000000 

                              LL_OC_AEMB        0.000000            0.000000 

                               LL_OC_SBR        0.000000            0.000000 

                               LL_OC_EAS        20000.00            0.000000 

                            LL_OC_A_CLAR        6500.000            0.000000 

                                LL_E_ALS        0.000000            0.000000 

                               LL_E_AEMB        0.000000            0.000000 

                                LL_E_SBR        0.000000            0.000000 

                                LL_E_EAS        30.00000            0.000000 

                             LL_E_A_CLAR        6.000000            0.000000 

                            LL_APOME_ALS        0.000000            0.000000 

                           LL_APOME_AEMB        0.000000            0.000000 

                            LL_APOME_SBR        0.000000            0.000000 

                            LL_APOME_EAS        15.81933            0.000000 

                             LL_APOMETOT        15.81933            0.000000 

                               LL_WS_ALS        0.000000            0.000000 

                              LL_WS_AEMB        0.000000            0.000000 

                               LL_WS_SBR        0.000000            0.000000 

                               LL_WS_EAS        1.589419            0.000000 

                                 LL_WS_A        1.589419            0.000000 

                             LL_APOME_PT        0.000000            911.3208 

                            LL_APOME_ECS        15.81933            0.000000 

                               LL_PTUNIT        0.000000            4001.917 

                              LL_ECSUNIT        1.000000            4170.000 

                                LL_CC_PT        0.000000            0.000000 

                               LL_CC_ECS        200000.0            0.000000 

                                LL_OC_PT        0.000000            0.000000 

                               LL_OC_ECS        75175.66            0.000000 

                                 LL_E_PT        0.000000            0.000000 

                                LL_E_ECS        111.5263            0.000000 

                                LL_TW_PT        0.000000            0.000000 

                              LL_BFW_ECS        14.99831            0.000000 

                          LL_OPEX_BIOGAS        424475.7            0.000000 

                          LL_ETOT_BIOGAS        316.6986            0.000000 

                               LL_LPSGEN        0.000000            0.000000 

                               LL_MPSGEN        0.000000            0.000000 

                                  LL_BFW        0.000000            0.000000 

                                 LL_EGEN        316.6986            0.000000 

                            LL_TW_BIOGAS        0.000000            0.000000 

                        LL_LIQCO2_BIOGAS        0.000000            0.000000 

                             MM_POME_POM        22.65752            0.000000 

                                   MM_WW        1.824829            0.000000 

                            MM_WS_BIOGAS        2.433105            0.000000 

                      MM_OILCONTENT_POME       0.2778562            0.000000 

                              MM_ORPUNIT        2.000000            1185.756 

                               MM_CC_ORP        50000.00            0.000000 

                               MM_OC_ORP        5000.000            0.000000 

                                MM_E_ORP        6.000000            0.000000 

                               MM_RO_ORP       0.2206972            0.000000 

                               MM_PTPOME        22.43682            0.000000 

                    MM_OILCONTENT_RO_ORP       0.1544881            0.000000 

                    MM_OILCONTENT_PTPOME       0.1233682            0.000000 

                               MM_CPUNIT        1.000000            2371.512 

                                MM_CC_CP        50000.00            0.000000 

                                MM_OC_CP        5000.000            0.000000 

                                 MM_E_CP        6.000000            0.000000 

                                MM_CPOME        22.43682            0.000000 

                             MM_CPOME_CL        0.000000            2954.731 

                            MM_CPOME_AMB        0.000000            0.000000 

                           MM_CPOME_UASB        0.000000            0.000000 

                          MM_CPOME_EGSBR        0.000000            0.000000 

                          MM_CPOME_UASFF        22.43682            0.000000 

                           MM_CPOME_CSTR        0.000000            6183.346 

                          MM_CPOME_AMB_1        0.000000            1276.976 

                          MM_CPOME_AMB_2        0.000000            1276.976 
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                         MM_CPOME_UASB_1        0.000000            2841.499 

                         MM_CPOME_UASB_2        0.000000            2841.499 

                        MM_CPOME_EGSBR_1        0.000000            2283.084 

                        MM_CPOME_EGSBR_2        0.000000            2283.084 

                        MM_CPOME_UASFF_1        22.43682            0.000000 

                        MM_CPOME_UASFF_2        0.000000            0.000000 

                         MM_CPOME_CSTR_1        0.000000            0.000000 

                         MM_CPOME_CSTR_2        0.000000            0.000000 

                               MM_CLUNIT        0.000000            11821.85 

                             MM_CLARUNIT        0.000000            9205.223 

                            MM_AMBUNIT_1        0.000000            14424.06 

                           MM_UASBUNIT_1        0.000000            10675.23 

                          MM_EGSBRUNIT_1        0.000000            47947.55 

                          MM_UASFFUNIT_1        1.000000            72522.95 

                           MM_CSTRUNIT_1        0.000000            14418.23 

                            MM_AMBUNIT_2        0.000000            22815.66 

                           MM_UASBUNIT_2        0.000000            18267.63 

                          MM_EGSBRUNIT_2        0.000000            100211.9 

                          MM_UASFFUNIT_2        0.000000            154923.8 

                           MM_CSTRUNIT_2        0.000000            22543.43 

                                MM_CC_CL        0.000000            0.000000 

                               MM_CC_AMB        0.000000            0.000000 

                              MM_CC_UASB        0.000000            0.000000 

                             MM_CC_EGSBR        0.000000            0.000000 

                             MM_CC_UASFF        460000.0            0.000000 

                              MM_CC_CSTR        0.000000            0.000000 

                                MM_OC_CL        0.000000            0.000000 

                               MM_OC_AMB        0.000000            0.000000 

                              MM_OC_UASB        0.000000            0.000000 

                             MM_OC_EGSBR        0.000000            0.000000 

                             MM_OC_UASFF        209300.0            0.000000 

                              MM_OC_CSTR        0.000000            0.000000 

                                 MM_E_CL        0.000000            0.000000 

                                MM_E_AMB        0.000000            0.000000 

                               MM_E_UASB        0.000000            0.000000 

                              MM_E_EGSBR        0.000000            0.000000 

                              MM_E_UASFF        24.00000            0.000000 

                               MM_E_CSTR        0.000000            0.000000 

                            MM_RAWCH4_CL        0.000000            0.000000 

                           MM_RAWCH4_AMB        0.000000            0.000000 

                          MM_RAWCH4_UASB        0.000000            0.000000 

                         MM_RAWCH4_EGSBR        0.000000            0.000000 

                         MM_RAWCH4_UASFF        532.0511            0.000000 

                          MM_RAWCH4_CSTR        0.000000            0.000000 

                               MM_RAWCH4        532.0511            0.000000 

                            MM_RAWCO2_CL        0.000000            0.000000 

                           MM_RAWCO2_AMB        0.000000            0.000000 

                          MM_RAWCO2_UASB        0.000000            0.000000 

                         MM_RAWCO2_EGSBR        0.000000            0.000000 

                         MM_RAWCO2_UASFF        207.9365            0.000000 

                          MM_RAWCO2_CSTR        0.000000            0.000000 

                               MM_RAWCO2        207.9365            0.000000 

                                MM_RAWBG        739.9876            0.000000 

                                MM_WS_AN       0.3141155            0.000000 

                               MM_ANPOME        21.38426            0.000000 

                          MM_RAWCH4_HPWS        0.000000            0.000000 

                          MM_RAWCH4_ACBF        0.000000            0.000000 

                          MM_RAWCH4_MOBF        0.000000            0.000000 

                           MM_RAWCH4_BRS        532.0511            0.000000 

                           MM_RAWBG_HPWS        0.000000            0.000000 

                           MM_RAWBG_ACBF        0.000000            4790.148 

                           MM_RAWBG_MOBF        0.000000            6656.295 

                            MM_RAWBG_BRS        739.9876            0.000000 

                             MM_HPWSUNIT        0.000000            29310.26 

                             MM_ACBFUNIT        0.000000            23521.95 

                             MM_MOBFUNIT        0.000000            8661.783 

                              MM_BRSUNIT        3.000000            9405.023 

                              MM_CC_HPWS        0.000000            0.000000 
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                              MM_CC_ACBF        0.000000            0.000000 

                              MM_CC_MOBF        0.000000            0.000000 

                               MM_CC_BRS        600000.0            0.000000 

                              MM_OC_HPWS        0.000000            0.000000 

                              MM_OC_ACBF        0.000000            0.000000 

                              MM_OC_MOBF        0.000000            0.000000 

                               MM_OC_BRS        72000.00            0.000000 

                               MM_E_HPWS        0.000000            0.000000 

                               MM_E_ACBF        0.000000            0.000000 

                               MM_E_MOBF        0.000000            0.000000 

                                MM_E_BRS        36.00000            0.000000 

                           MM_PTCH4_HPWS        0.000000            0.000000 

                           MM_PTCH4_ACBF        0.000000            0.000000 

                           MM_PTCH4_MOBF        0.000000            0.000000 

                            MM_PTCH4_BRS        516.0895            0.000000 

                                MM_PTCH4        516.0895            0.000000 

                            MM_PTBG_HPWS        0.000000            0.000000 

                            MM_PTBG_ACBF        0.000000            0.000000 

                            MM_PTBG_MOBF        0.000000            0.000000 

                             MM_PTBG_BRS        775.9288            0.000000 

                                 MM_PTBG        775.9288            0.000000 

                         MM_PTCH4_COMPBG        414.0338            0.000000 

                            MM_PTCH4_CHP        102.0558            0.000000 

                           MM_PTCH4_SELL        0.000000            169.9087 

                               MM_COMPBG        0.000000            0.000000 

                             MM_PTBG_CHP        775.9288            0.000000 

                            MM_PTBG_SELL        0.000000            0.000000 

                             MM_COMPUNIT        1.000000            3330.000 

                              MM_CC_COMP        210000.0            0.000000 

                              MM_OC_COMP        10000.00            0.000000 

                               MM_E_COMP        47.90785            0.000000 

                           MM_COMPBG_PSA        0.000000            0.000000 

                            MM_COMPBG_AA        0.000000            0.000000 

                            MM_COMPBG_GM        0.000000            0.000000 

                            MM_COMPBG_CS        0.000000            0.000000 

                            MM_PTCH4_PSA        0.000000            2.725295 

                             MM_PTCH4_AA        0.000000            7.616400 

                             MM_PTCH4_GM        414.0338            0.000000 

                             MM_PTCH4_CS        0.000000            0.000000 

                              MM_PSAUNIT        0.000000            11958.84 

                               MM_AAUNIT        0.000000            8966.291 

                               MM_GMUNIT        1.000000            4851.160 

                               MM_CSUNIT        0.000000            14451.81 

                               MM_CC_PSA        0.000000            0.000000 

                                MM_CC_AA        0.000000            0.000000 

                                MM_CC_GM        160000.0            0.000000 

                                MM_CC_CS        0.000000            0.000000 

                               MM_OC_PSA        0.000000            0.000000 

                                MM_OC_AA        0.000000            0.000000 

                                MM_OC_GM        12800.00            0.000000 

                                MM_OC_CS        0.000000            0.000000 

                                MM_E_PSA        0.000000            0.000000 

                                 MM_E_AA        0.000000            0.000000 

                                 MM_E_GM        5.000000            0.000000 

                                 MM_E_CS        0.000000            0.000000 

                             MM_PCH4_PSA        0.000000            0.000000 

                              MM_PCH4_AA        0.000000            0.000000 

                              MM_PCH4_GM        407.8233            0.000000 

                              MM_PCH4_CS        0.000000            0.000000 

                              MM_PBG_PSA        0.000000            0.000000 

                               MM_PBG_AA        0.000000            0.000000 

                               MM_PBG_GM        411.9427            0.000000 

                               MM_PBG_CS        0.000000            0.000000 

                               MM_PBGTOT        411.9427            0.000000 

                               MM_LIQCO2        0.000000            0.000000 

                         MM_COMPRESSUNIT        1.000000            3330.000 

                          MM_CC_COMPRESS        250000.0            0.000000 

                          MM_OC_COMPRESS        10000.00            0.000000 
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                           MM_E_COMPRESS        96.39459            0.000000 

                                  MM_CBG        411.9427            0.000000 

                              MM_CBG_LHV        13621.30            0.000000 

                               MM_GEUNIT        1.000000            8391.600 

                               MM_GTUNIT        0.000000            25807.50 

                              MM_FTBUNIT        0.000000            46620.00 

                              MM_WTBUNIT        0.000000            19980.00 

                              MM_PTBG_GE        775.9288            0.000000 

                              MM_PTBG_GT        0.000000            0.000000 

                             MM_PTBG_FTB        0.000000            0.000000 

                             MM_PTBG_WTB        0.000000            0.000000 

                             MM_PTCH4_GE        102.0558            0.000000 

                             MM_PTCH4_GT        0.000000            0.000000 

                            MM_PTCH4_FTB        0.000000            0.000000 

                            MM_PTCH4_WTB        0.000000            0.000000 

                              MM_EGEN_GE        405.9876            0.000000 

                              MM_EGEN_GT        0.000000            24.97768 

                           MM_MPSGEN_FTB        0.000000            65.57051 

                           MM_HPSGEN_WTB        0.000000            3112.364 

                                MM_CC_GE        315000.0            0.000000 

                                MM_CC_GT        0.000000            0.000000 

                               MM_CC_FTB        0.000000            0.000000 

                               MM_CC_WTB        0.000000            0.000000 

                                MM_OC_GE        25200.00            0.000000 

                                MM_OC_GT        0.000000            0.000000 

                               MM_OC_FTB        0.000000            0.000000 

                               MM_OC_WTB        0.000000            0.000000 

                               MM_HOTAIR        3105.630            0.000000 

                             MM_HRSGUNIT        0.000000            14985.00 

                              MM_ST1UNIT        0.000000           -112224.1 

                              MM_ST2UNIT        0.000000           -54813.37 

                         MM_HOTAIR_HRSG1        0.000000            163.1671 

                         MM_HOTAIR_HRSG2        0.000000            165.6454 

                          MM_HOTAIR_SELL        3105.630            0.000000 

                       MM_MPSGEN_FTB_ST2        0.000000            0.000000 

                      MM_MPSGEN_FTB_SELL        0.000000            3044.952 

                           MM_MPSGEN_ST1        0.000000            0.000000 

                       MM_MPSGEN_ST1_ST2        0.000000            13.32000 

                      MM_MPSGEN_ST1_SELL        0.000000            0.000000 

                             MM_EGEN_ST1        0.000000            0.000000 

                             MM_EGEN_ST2        0.000000            0.000000 

                              MM_CC_HRSG        0.000000            0.000000 

                                MM_CC_ST        0.000000            0.000000 

                              MM_OC_HRSG        0.000000            0.000000 

                                MM_OC_ST        0.000000            0.000000 

                            MM_EGEN_HRSG        0.000000            0.000000 

                              MM_EGEN_ST        0.000000            0.000000 

                          MM_LPSGEN_HRSG        0.000000            0.000000 

                           MM_LPSGEN_ST2        0.000000            0.000000 

                          MM_MPSGEN_HRSG        0.000000            0.000000 

                            MM_ANPOMETOT        23.20908            0.000000 

                           MM_ANPOME_ALS        0.000000            16.02059 

                          MM_ANPOME_AEMB        0.000000            0.000000 

                           MM_ANPOME_SBR        0.000000            0.000000 

                           MM_ANPOME_EAS        23.20908            0.000000 

                        MM_ANPOME_AEMB_1        0.000000            0.000000 

                        MM_ANPOME_AEMB_2        0.000000            0.000000 

                         MM_ANPOME_SBR_1        0.000000            27.62172 

                         MM_ANPOME_SBR_2        0.000000            27.62172 

                         MM_ANPOME_EAS_1        0.000000            0.000000 

                         MM_ANPOME_EAS_2        23.20908            0.000000 

                              MM_ALSUNIT        0.000000            10316.14 

                           MM_AEMBUNIT_1        0.000000            14195.47 

                           MM_AEMBUNIT_2        0.000000            22305.80 

                            MM_SBRUNIT_1        0.000000            21161.30 

                            MM_SBRUNIT_2        0.000000            39809.30 

                            MM_EASUNIT_1        0.000000            7362.058 

                            MM_EASUNIT_2        1.000000            10192.56 



Appendices 

clxxxv 

                           MM_A_CLARUNIT        1.000000            2871.012 

                               MM_CC_ALS        0.000000            0.000000 

                              MM_CC_AEMB        0.000000            0.000000 

                               MM_CC_SBR        0.000000            0.000000 

                               MM_CC_EAS        400000.0            0.000000 

                            MM_CC_A_CLAR        130000.0            0.000000 

                               MM_OC_ALS        0.000000            0.000000 

                              MM_OC_AEMB        0.000000            0.000000 

                               MM_OC_SBR        0.000000            0.000000 

                               MM_OC_EAS        20000.00            0.000000 

                            MM_OC_A_CLAR        6500.000            0.000000 

                                MM_E_ALS        0.000000            0.000000 

                               MM_E_AEMB        0.000000            0.000000 

                                MM_E_SBR        0.000000            0.000000 

                                MM_E_EAS        30.00000            0.000000 

                             MM_E_A_CLAR        6.000000            0.000000 

                            MM_APOME_ALS        0.000000            0.000000 

                           MM_APOME_AEMB        0.000000            0.000000 

                            MM_APOME_SBR        0.000000            0.000000 

                            MM_APOME_EAS        21.09010            0.000000 

                             MM_APOMETOT        21.09010            0.000000 

                               MM_WS_ALS        0.000000            0.000000 

                              MM_WS_AEMB        0.000000            0.000000 

                               MM_WS_SBR        0.000000            0.000000 

                               MM_WS_EAS        2.118989            0.000000 

                                 MM_WS_A        2.118989            0.000000 

                             MM_APOME_PT        0.000000            727.7454 

                            MM_APOME_ECS        21.09010            0.000000 

                               MM_PTUNIT        0.000000            3195.775 

                              MM_ECSUNIT        1.000000            3330.000 

                                MM_CC_PT        0.000000            0.000000 

                               MM_CC_ECS        200000.0            0.000000 

                                MM_OC_PT        0.000000            0.000000 

                               MM_OC_ECS        96891.19            0.000000 

                                 MM_E_PT        0.000000            0.000000 

                                MM_E_ECS        148.6852            0.000000 

                                MM_TW_PT        0.000000            0.000000 

                              MM_BFW_ECS        19.99552            0.000000 

                          MM_OPEX_BIOGAS        472691.2            0.000000 

                          MM_ETOT_BIOGAS        405.9876            0.000000 

                               MM_LPSGEN        0.000000            0.000000 

                               MM_MPSGEN        0.000000            0.000000 

                                  MM_BFW        0.000000            0.000000 

                                 MM_EGEN        405.9876            0.000000 

                            MM_TW_BIOGAS        0.000000            0.000000 

                        MM_LIQCO2_BIOGAS        0.000000            0.000000 

                             HH_POME_POM        32.10083            0.000000 

                                   HH_WW        2.585424            0.000000 

                            HH_WS_BIOGAS        3.447232            0.000000 

                      HH_OILCONTENT_POME       0.3931312            0.000000 

                              HH_ORPUNIT        2.000000            3298.764 

                               HH_CC_ORP        50000.00            0.000000 

                               HH_OC_ORP        5000.000            0.000000 

                                HH_E_ORP        6.000000            0.000000 

                               HH_RO_ORP       0.3122585            0.000000 

                               HH_PTPOME        31.78857            0.000000 

                    HH_OILCONTENT_RO_ORP       0.2185810            0.000000 

                    HH_OILCONTENT_PTPOME       0.1745503            0.000000 

                               HH_CPUNIT        1.000000            6597.529 

                                HH_CC_CP        50000.00            0.000000 

                                HH_OC_CP        5000.000            0.000000 

                                 HH_E_CP        6.000000            0.000000 

                                HH_CPOME        31.78857            0.000000 

                             HH_CPOME_CL        0.000000            2218.267 

                            HH_CPOME_AMB        0.000000            0.000000 

                           HH_CPOME_UASB        0.000000            0.000000 

                          HH_CPOME_EGSBR        0.000000            0.000000 

                          HH_CPOME_UASFF        31.78857            0.000000 
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                           HH_CPOME_CSTR        0.000000            4642.152 

                          HH_CPOME_AMB_1        0.000000            958.6908 

                          HH_CPOME_AMB_2        0.000000            958.6908 

                         HH_CPOME_UASB_1        0.000000            2133.257 

                         HH_CPOME_UASB_2        0.000000            2133.257 

                        HH_CPOME_EGSBR_1        0.000000            1714.027 

                        HH_CPOME_EGSBR_2        0.000000            1714.027 

                        HH_CPOME_UASFF_1        31.78857            0.000000 

                        HH_CPOME_UASFF_2        0.000000            0.000000 

                         HH_CPOME_CSTR_1        0.000000            0.000000 

                         HH_CPOME_CSTR_2        0.000000            0.000000 

                               HH_CLUNIT        0.000000            23326.61 

                             HH_CLARUNIT        0.000000            31959.82 

                            HH_AMBUNIT_1        0.000000            49365.79 

                           HH_UASBUNIT_1        0.000000            39807.39 

                          HH_EGSBRUNIT_1        0.000000            74533.57 

                          HH_UASFFUNIT_1        1.000000            98764.11 

                           HH_CSTRUNIT_1        0.000000            45507.72 

                            HH_AMBUNIT_2        0.000000            86013.61 

                           HH_UASBUNIT_2        0.000000            72964.95 

                          HH_EGSBRUNIT_2        0.000000            149417.7 

                          HH_UASFFUNIT_2        0.000000            203017.2 

                           HH_CSTRUNIT_2        0.000000            80992.12 

                                HH_CC_CL        0.000000            0.000000 

                               HH_CC_AMB        0.000000            0.000000 

                              HH_CC_UASB        0.000000            0.000000 

                             HH_CC_EGSBR        0.000000            0.000000 

                             HH_CC_UASFF        460000.0            0.000000 

                              HH_CC_CSTR        0.000000            0.000000 

                                HH_OC_CL        0.000000            0.000000 

                               HH_OC_AMB        0.000000            0.000000 

                              HH_OC_UASB        0.000000            0.000000 

                             HH_OC_EGSBR        0.000000            0.000000 

                             HH_OC_UASFF        209300.0            0.000000 

                              HH_OC_CSTR        0.000000            0.000000 

                                 HH_E_CL        0.000000            0.000000 

                                HH_E_AMB        0.000000            0.000000 

                               HH_E_UASB        0.000000            0.000000 

                              HH_E_EGSBR        0.000000            0.000000 

                              HH_E_UASFF        24.00000            0.000000 

                               HH_E_CSTR        0.000000            0.000000 

                            HH_RAWCH4_CL        0.000000            0.000000 

                           HH_RAWCH4_AMB        0.000000            0.000000 

                          HH_RAWCH4_UASB        0.000000            0.000000 

                         HH_RAWCH4_EGSBR        0.000000            0.000000 

                         HH_RAWCH4_UASFF        753.8118            0.000000 

                          HH_RAWCH4_CSTR        0.000000            0.000000 

                               HH_RAWCH4        753.8118            0.000000 

                            HH_RAWCO2_CL        0.000000            0.000000 

                           HH_RAWCO2_AMB        0.000000            0.000000 

                          HH_RAWCO2_UASB        0.000000            0.000000 

                         HH_RAWCO2_EGSBR        0.000000            0.000000 

                         HH_RAWCO2_UASFF        294.6052            0.000000 

                          HH_RAWCO2_CSTR        0.000000            0.000000 

                               HH_RAWCO2        294.6052            0.000000 

                                HH_RAWBG        1048.417            0.000000 

                                HH_WS_AN       0.4450399            0.000000 

                               HH_ANPOME        30.29729            0.000000 

                          HH_RAWCH4_HPWS        0.000000            0.000000 

                          HH_RAWCH4_ACBF        0.000000            0.000000 

                          HH_RAWCH4_MOBF        0.000000            0.000000 

                           HH_RAWCH4_BRS        753.8118            0.000000 

                           HH_RAWBG_HPWS        0.000000            0.000000 

                           HH_RAWBG_ACBF        0.000000            3596.207 

                           HH_RAWBG_MOBF        0.000000            4997.219 

                            HH_RAWBG_BRS        1048.417            0.000000 

                             HH_HPWSUNIT        0.000000            99078.53 

                             HH_ACBFUNIT        0.000000            51378.93 
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                             HH_MOBFUNIT        0.000000            45039.76 

                              HH_BRSUNIT        4.000000            26329.29 

                              HH_CC_HPWS        0.000000            0.000000 

                              HH_CC_ACBF        0.000000            0.000000 

                              HH_CC_MOBF        0.000000            0.000000 

                               HH_CC_BRS        800000.0            0.000000 

                              HH_OC_HPWS        0.000000            0.000000 

                              HH_OC_ACBF        0.000000            0.000000 

                              HH_OC_MOBF        0.000000            0.000000 

                               HH_OC_BRS        96000.00            0.000000 

                               HH_E_HPWS        0.000000            0.000000 

                               HH_E_ACBF        0.000000            0.000000 

                               HH_E_MOBF        0.000000            0.000000 

                                HH_E_BRS        48.00000            0.000000 

                           HH_PTCH4_HPWS        0.000000            0.000000 

                           HH_PTCH4_ACBF        0.000000            0.000000 

                           HH_PTCH4_MOBF        0.000000            0.000000 

                            HH_PTCH4_BRS        731.1975            0.000000 

                                HH_PTCH4        731.1975            0.000000 

                            HH_PTBG_HPWS        0.000000            0.000000 

                            HH_PTBG_ACBF        0.000000            0.000000 

                            HH_PTBG_MOBF        0.000000            0.000000 

                             HH_PTBG_BRS        1099.339            0.000000 

                                 HH_PTBG        1099.339            0.000000 

                         HH_PTCH4_COMPBG        594.7168            0.000000 

                            HH_PTCH4_CHP        136.4807            0.000000 

                           HH_PTCH4_SELL        0.000000            127.5591 

                               HH_COMPBG        0.000000            0.000000 

                             HH_PTBG_CHP        1099.339            0.000000 

                            HH_PTBG_SELL        0.000000            0.000000 

                             HH_COMPUNIT        1.000000            22731.88 

                              HH_CC_COMP        210000.0            0.000000 

                              HH_OC_COMP        10000.00            0.000000 

                               HH_E_COMP        68.81468            0.000000 

                           HH_COMPBG_PSA        0.000000            0.000000 

                            HH_COMPBG_AA        0.000000            0.000000 

                            HH_COMPBG_GM        0.000000            0.000000 

                            HH_COMPBG_CS        0.000000            0.000000 

                            HH_PTCH4_PSA        0.000000            2.046018 

                             HH_PTCH4_AA        0.000000            5.718018 

                             HH_PTCH4_GM        594.7168            0.000000 

                             HH_PTCH4_CS        0.000000            0.000000 

                              HH_PSAUNIT        0.000000            28246.56 

                               HH_AAUNIT        0.000000            19255.95 

                               HH_GMUNIT        1.000000            19056.78 

                               HH_CSUNIT        0.000000            59020.85 

                               HH_CC_PSA        0.000000            0.000000 

                                HH_CC_AA        0.000000            0.000000 

                                HH_CC_GM        160000.0            0.000000 

                                HH_CC_CS        0.000000            0.000000 

                               HH_OC_PSA        0.000000            0.000000 

                                HH_OC_AA        0.000000            0.000000 

                                HH_OC_GM        12800.00            0.000000 

                                HH_OC_CS        0.000000            0.000000 

                                HH_E_PSA        0.000000            0.000000 

                                 HH_E_AA        0.000000            0.000000 

                                 HH_E_GM        5.000000            0.000000 

                                 HH_E_CS        0.000000            0.000000 

                             HH_PCH4_PSA        0.000000            0.000000 

                              HH_PCH4_AA        0.000000            0.000000 

                              HH_PCH4_GM        585.7960            0.000000 

                              HH_PCH4_CS        0.000000            0.000000 

                              HH_PBG_PSA        0.000000            0.000000 

                               HH_PBG_AA        0.000000            0.000000 

                               HH_PBG_GM        591.7132            0.000000 

                               HH_PBG_CS        0.000000            0.000000 

                               HH_PBGTOT        591.7132            0.000000 

                               HH_LIQCO2        0.000000            0.000000 
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                         HH_COMPRESSUNIT        1.000000            26585.57 

                          HH_CC_COMPRESS        250000.0            0.000000 

                          HH_OC_COMPRESS        10000.00            0.000000 

                           HH_E_COMPRESS        138.4609            0.000000 

                                  HH_CBG        591.7132            0.000000 

                              HH_CBG_LHV        19565.59            0.000000 

                               HH_GEUNIT        1.000000            36647.82 

                               HH_GTUNIT        0.000000            168705.5 

                              HH_FTBUNIT        0.000000            372198.0 

                              HH_WTBUNIT        0.000000            159513.4 

                              HH_PTBG_GE        1099.339            0.000000 

                              HH_PTBG_GT        0.000000            0.000000 

                             HH_PTBG_FTB        0.000000            0.000000 

                             HH_PTBG_WTB        0.000000            0.000000 

                             HH_PTCH4_GE        136.4807            0.000000 

                             HH_PTCH4_GT        0.000000            0.000000 

                            HH_PTCH4_FTB        0.000000            0.000000 

                            HH_PTCH4_WTB        0.000000            0.000000 

                              HH_EGEN_GE        542.9332            0.000000 

                              HH_EGEN_GT        0.000000            18.75202 

                           HH_MPSGEN_FTB        0.000000            49.22711 

                           HH_HPSGEN_WTB        0.000000            2336.609 

                                HH_CC_GE        315000.0            0.000000 

                                HH_CC_GT        0.000000            0.000000 

                               HH_CC_FTB        0.000000            0.000000 

                               HH_CC_WTB        0.000000            0.000000 

                                HH_OC_GE        25200.00            0.000000 

                                HH_OC_GT        0.000000            0.000000 

                               HH_OC_FTB        0.000000            0.000000 

                               HH_OC_WTB        0.000000            0.000000 

                               HH_HOTAIR        4153.205            0.000000 

                             HH_HRSGUNIT        0.000000            83506.72 

                              HH_ST1UNIT        0.000000           -4288.256 

                              HH_ST2UNIT        0.000000            17617.62 

                         HH_HOTAIR_HRSG1        0.000000            122.4979 

                         HH_HOTAIR_HRSG2        0.000000            124.3584 

                          HH_HOTAIR_SELL        4153.205            0.000000 

                       HH_MPSGEN_FTB_ST2        0.000000            0.000000 

                      HH_MPSGEN_FTB_SELL        0.000000            2286.000 

                           HH_MPSGEN_ST1        0.000000            0.000000 

                       HH_MPSGEN_ST1_ST2        0.000000            10.00000 

                      HH_MPSGEN_ST1_SELL        0.000000            0.000000 

                             HH_EGEN_ST1        0.000000            0.000000 

                             HH_EGEN_ST2        0.000000            0.000000 

                              HH_CC_HRSG        0.000000            0.000000 

                                HH_CC_ST        0.000000            0.000000 

                              HH_OC_HRSG        0.000000            0.000000 

                                HH_OC_ST        0.000000            0.000000 

                            HH_EGEN_HRSG        0.000000            0.000000 

                              HH_EGEN_ST        0.000000            0.000000 

                          HH_LPSGEN_HRSG        0.000000            0.000000 

                           HH_LPSGEN_ST2        0.000000            0.000000 

                          HH_MPSGEN_HRSG        0.000000            0.000000 

                            HH_ANPOMETOT        32.88271            0.000000 

                           HH_ANPOME_ALS        0.000000            12.02747 

                          HH_ANPOME_AEMB        0.000000            0.000000 

                           HH_ANPOME_SBR        0.000000            0.000000 

                           HH_ANPOME_EAS        32.88271            0.000000 

                        HH_ANPOME_AEMB_1        0.000000            0.000000 

                        HH_ANPOME_AEMB_2        0.000000            0.000000 

                         HH_ANPOME_SBR_1        0.000000            20.73702 

                         HH_ANPOME_SBR_2        0.000000            20.73702 

                         HH_ANPOME_EAS_1        0.000000            0.000000 

                         HH_ANPOME_EAS_2        32.88271            0.000000 

                              HH_ALSUNIT        0.000000            21232.77 

                           HH_AEMBUNIT_1        0.000000            49194.18 

                           HH_AEMBUNIT_2        0.000000            85630.83 

                            HH_SBRUNIT_1        0.000000            119936.5 
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                            HH_SBRUNIT_2        0.000000            241839.9 

                            HH_EASUNIT_1        0.000000            27685.80 

                            HH_EASUNIT_2        1.000000            46188.99 

                           HH_A_CLARUNIT        1.000000            14679.91 

                               HH_CC_ALS        0.000000            0.000000 

                              HH_CC_AEMB        0.000000            0.000000 

                               HH_CC_SBR        0.000000            0.000000 

                               HH_CC_EAS        400000.0            0.000000 

                            HH_CC_A_CLAR        130000.0            0.000000 

                               HH_OC_ALS        0.000000            0.000000 

                              HH_OC_AEMB        0.000000            0.000000 

                               HH_OC_SBR        0.000000            0.000000 

                               HH_OC_EAS        20000.00            0.000000 

                            HH_OC_A_CLAR        6500.000            0.000000 

                                HH_E_ALS        0.000000            0.000000 

                               HH_E_AEMB        0.000000            0.000000 

                                HH_E_SBR        0.000000            0.000000 

                                HH_E_EAS        30.00000            0.000000 

                             HH_E_A_CLAR        6.000000            0.000000 

                            HH_APOME_ALS        0.000000            0.000000 

                           HH_APOME_AEMB        0.000000            0.000000 

                            HH_APOME_SBR        0.000000            0.000000 

                            HH_APOME_EAS        29.88052            0.000000 

                             HH_APOMETOT        29.88052            0.000000 

                               HH_WS_ALS        0.000000            0.000000 

                              HH_WS_AEMB        0.000000            0.000000 

                               HH_WS_SBR        0.000000            0.000000 

                               HH_WS_EAS        3.002192            0.000000 

                                 HH_WS_A        3.002192            0.000000 

                             HH_APOME_PT        0.000000            546.3554 

                            HH_APOME_ECS        29.88052            0.000000 

                               HH_PTUNIT        0.000000            12033.46 

                              HH_ECSUNIT        1.000000            21768.46 

                                HH_CC_PT        0.000000            0.000000 

                               HH_CC_ECS        200000.0            0.000000 

                                HH_OC_PT        0.000000            0.000000 

                               HH_OC_ECS        133107.7            0.000000 

                                 HH_E_PT        0.000000            0.000000 

                                HH_E_ECS        210.6577            0.000000 

                                HH_TW_PT        0.000000            0.000000 

                              HH_BFW_ECS        28.32972            0.000000 

                          HH_OPEX_BIOGAS        532907.7            0.000000 

                          HH_ETOT_BIOGAS        542.9332            0.000000 

                               HH_LPSGEN        0.000000            0.000000 

                               HH_MPSGEN        0.000000            0.000000 

                                  HH_BFW        0.000000            0.000000 

                                 HH_EGEN        542.9332            0.000000 

                            HH_TW_BIOGAS        0.000000            0.000000 

                        HH_LIQCO2_BIOGAS        0.000000            0.000000 

 

A.2.5. Chapter 7 

A.2.5.1. Case Study (Lingo Codes) 

SETS: 

M/M1..M49/: Ytot, Y_POM, Y_CHP, Y_IBWT, Y_POB, Yu, Yl, Cm, GHGm; 

 

T_POM /T_POM1 ..T_POM12/:  

X_POM,  U_POM,  BT_POM,  Umax_POM,  Etot_POM,  CCtot_POM,  OCtot_POM; 

T_CHP /T_CHP1 ..T_CHP6 /:  

X_CHP,  U_CHP,  BT_CHP,  Umax_CHP,  Etot_CHP,  CCtot_CHP,  OCtot_CHP; 

T_IBWT/T_IBWT1..T_IBWT7/:  
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X_IBWT, U_IBWT, BT_IBWT, Umax_IBWT, Etot_IBWT, CCtot_IBWT, OCtot_IBWT; 

T_POB /T_POB1 ..T_POB9 /:  

X_POB,  U_POB,  BT_POB,  Umax_POB,  Etot_POB,  CCtot_POB,  OCtot_POB; 

 

LINK_POM (M,T_POM) : A_POM ; 

LINK_CHP (M,T_CHP) : A_CHP ; 

LINK_IBWT(M,T_IBWT): A_IBWT; 

LINK_POB (M,T_POB) : A_POB ; 

CONNECT_POM (T_POM,T_POM)  : CAPINV_POM,  CAPINVMAX_POM,  E_POM,  CC_POM,  OC_POM; 

CONNECT_CHP (T_CHP,T_CHP)  : CAPINV_CHP,  CAPINVMAX_CHP,  E_CHP,  CC_CHP,  OC_CHP; 

CONNECT_IBWT(T_IBWT,T_IBWT): CAPINV_IBWT, CAPINVMAX_IBWT, E_IBWT, CC_IBWT, OC_IBWT; 

CONNECT_POB (T_POB,T_POB)  : CAPINV_POB,  CAPINVMAX_POB,  E_POB,  CC_POB,  OC_POB; 

ENDSETS 

 

!CONSTRAINT; 

@FOR(M(I): @SUM(T_POM(J) : A_POM(I,J)  * (X_POM(J))  * B_POM)  = Y_POM(I); 

       @SUM(T_CHP(J) : A_CHP(I,J)  * (X_CHP(J))  * B_CHP)  = Y_CHP(I); 

       @SUM(T_IBWT(J): A_IBWT(I,J) * (X_IBWT(J)) * B_IBWT) = Y_IBWT(I); 

       @SUM(T_POB(J) : A_POB(I,J)  * (X_POB(J))  * B_POB)  = Y_POB(I)); 

 

@BIN(B_POM); @BIN(B_CHP); @BIN(B_IBWT); @BIN(B_POB); 

 

B_POM  = 1; 

B_CHP  = 1; 

B_IBWT = 1; 

B_POB  = 1; 

 

@FOR(M(I): Y_POM(I) + Y_CHP(I) + Y_IBWT(I) + Y_POB(I) = Ytot(I)); 

 

@FOR(M(I): @FREE(Y_POM(I)); 

@FREE(Y_CHP(I)); 

@FREE(Y_IBWT(I)); 

@FREE(Y_POB(I)); 

@FREE(Ytot(I))); 

 

@FOR(M(I): Ytot(I) <= Yu(I); 

  Ytot(I) >= Yl(I)); 

 

@FOR(T_POM(J): X_POM(J)  * CAPINV_POM(J,J)  <= U_POM(J)); 

@FOR(T_POM(J): @GIN(U_POM(J))); 

@FOR(T_CHP(J): X_CHP(J)  * CAPINV_CHP(J,J)  <= U_CHP(J)); 

@FOR(T_CHP(J): @GIN(U_CHP(J))); 

@FOR(T_IBWT(J): X_IBWT(J) * CAPINV_IBWT(J,J) <= U_IBWT(J)); 

@FOR(T_IBWT(J): @GIN(U_IBWT(J))); 

@FOR(T_POB(J): X_POB(J)  * CAPINV_POB(J,J)  <= U_POB(J)); 

@FOR(T_POB(J): @GIN(U_POB(J))); 

 

@FOR(T_POM(J): U_POM(J)  <= Umax_POM(J)); 

@FOR(T_CHP(J): U_CHP(J)  <= Umax_CHP(J)); 

@FOR(T_IBWT(J): U_IBWT(J) <= Umax_IBWT(J)); 

@FOR(T_POB(J): U_POB(J)  <= Umax_POB(J)); 

 

@FOR(T_POM(J):  BT_POM(J)   = X_POM(J)  * CAPINVMAX_POM(J,J)); 

@FOR(T_POM(J):  BT_POM(J)  <= 1); 

@FOR(T_CHP(J):  BT_CHP(J)   = X_CHP(J)  * CAPINVMAX_CHP(J,J)); 

@FOR(T_CHP(J):  BT_CHP(J)  <= 1); 

@FOR(T_IBWT(J): BT_IBWT(J)  = X_IBWT(J) * CAPINVMAX_IBWT(J,J)); 

@FOR(T_IBWT(J): BT_IBWT(J) <= 1); 

@FOR(T_POB(J):  BT_POB(J)   = X_POB(J)  * CAPINVMAX_POB(J,J)); 

@FOR(T_POB(J):  BT_POB(J)  <= 1); 

 

@FOR(T_POM(J):  Umax_POM(J)  * CC_POM(J,J)  = CCtot_POM(J)); 

@FOR(T_CHP(J):  Umax_CHP(J)  * CC_CHP(J,J)  = CCtot_CHP(J)); 

@FOR(T_IBWT(J): Umax_IBWT(J) * CC_IBWT(J,J) = CCtot_IBWT(J)); 

@FOR(T_POB(J):  Umax_POB(J)  * CC_POB(J,J)  = CCtot_POB(J)); 

 

CAPEX_POM  = B_POM  * @SUM(T_POM(J) : CCtot_POM(J)); 

CAPEX_CHP  = B_CHP  * @SUM(T_CHP(J) : CCtot_CHP(J)); 
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CAPEX_IBWT = B_IBWT * @SUM(T_IBWT(J): CCtot_IBWT(J)); 

CAPEX_POB  = B_POB  * @SUM(T_POB(J) : CCtot_POB(J)); 

 

CAPEXtot = CAPEX_POM + CAPEX_CHP + CAPEX_IBWT + CAPEX_POB; 

 

@FOR(T_POM(J):  U_POM(J)  * OC_POM(J,J)  = OCtot_POM(J)); 

@FOR(T_CHP(J):  U_CHP(J)  * OC_CHP(J,J)  = OCtot_CHP(J)); 

@FOR(T_IBWT(J): U_IBWT(J) * OC_IBWT(J,J) = OCtot_IBWT(J)); 

@FOR(T_POB(J):  U_POB(J)  * OC_POB(J,J)  = OCtot_POB(J)); 

 

OPEX_POM  = B_POM  * @SUM(T_POM(J) : OCtot_POM(J)); 

OPEX_CHP  = B_CHP  * @SUM(T_CHP(J) : OCtot_CHP(J)); 

OPEX_IBWT = B_IBWT * @SUM(T_IBWT(J): OCtot_IBWT(J)); 

OPEX_POB  = B_POB  * @SUM(T_POB(J) : OCtot_POB(J)); 

 

OPEXtot = OPEX_POM + OPEX_CHP + OPEX_IBWT + OPEX_POB; 

 

@FOR(T_POM(J):  U_POM(J)  * E_POM(J,J)  = Etot_POM(J)); 

@FOR(T_CHP(J):  U_CHP(J)  * E_CHP(J,J)  = Etot_CHP(J)); 

@FOR(T_IBWT(J): U_IBWT(J) * E_IBWT(J,J) = Etot_IBWT(J)); 

@FOR(T_POB(J):  U_POB(J)  * E_POB(J,J)  = Etot_POB(J)); 

 

EL_POM  = B_POM  * @SUM(T_POM(J) : Etot_POM(J)); 

EL_CHP  = B_CHP  * @SUM(T_CHP(J) : Etot_CHP(J)); 

EL_IBWT = B_IBWT * @SUM(T_IBWT(J): Etot_IBWT(J)); 

EL_POB  = B_POB  * @SUM(T_POB(J) : Etot_POB(J)); 

 

ELtot = EL_POM + EL_CHP + EL_IBWT + EL_POB; 

  

@FOR(M(I)|I#EQ#26: Eexcess = (Ytot(I) - ELtot) / 8000); @FREE(Eexcess); 

     

 

@FOR(M(I)|I#EQ#19: Ytot(I) = LPSex); 

LPSexcess = LPSex / 5600; 

 

@FOR(M(I)|I#EQ#1 : Ytot(I) = FFB); @FREE(FFB); 

@FOR(M(I)|I#EQ#15: Ytot(I) = CPO); 

 

@FOR(M(I)|I#EQ#1 : Ytot(I) = -60 * 4350); 

 

GHG_POM  = @SUM(M(I): Y_POM(I)  * GHGm(I)); @FREE(GHG_POM); 

GHG_CHP  = @SUM(M(I): Y_CHP(I)  * GHGm(I)); @FREE(GHG_CHP); 

GHG_IBWT = @SUM(M(I): Y_IBWT(I) * GHGm(I)); @FREE(GHG_IBWT); 

GHG_POB  = @SUM(M(I): Y_POB(I)  * GHGm(I)); @FREE(GHG_POB); 

GHGtot   = @SUM(M(I): Ytot(I)   * GHGm(I)); @FREE(GHGtot); 

 

!OBJECTIVE FUNCTION; 

Max = EPtot; 

EPtot    = GPtot - 0.09634 * CAPEXtot;  @FREE(EPtot); 

 

GPtot   = @SUM(M(I): Ytot(I) * Cm(I)) - (ELtot * 0.0796) - OPEXtot –  

   (B_POM * 12 + B_CHP * 3 + B_IBWT * 5 + B_POB * 5) *  

   (375 * 2 * 12 + 1250 * 5);  @FREE(GPtot); 

 

EP_POM  = B_POM  * (GP_POM  - 0.09634 * CAPEX_POM);  @FREE(EP_POM); 

EP_CHP  = B_CHP  * (GP_CHP  - 0.09634 * CAPEX_CHP);  @FREE(EP_CHP); 

EP_IBWT = B_IBWT * (GP_IBWT - 0.09634 * CAPEX_IBWT);  @FREE(EP_IBWT); 

EP_POB  = B_POB  * (GP_POB  - 0.09634 * CAPEX_POB);  @FREE(EP_POB); 

 

GP_POM  = B_POM  * (@SUM(M(I): Y_POM(I)  * Cm(I)) - OPEX_POM  - EL_POM  * 0.0796 –  

   12 * (375 * 2 * 12 + 1250 * 5)); @FREE(GP_POM); 

GP_CHP  = B_CHP  * (@SUM(M(I): Y_CHP(I)  * Cm(I)) - OPEX_CHP  - EL_CHP  * 0.0796 –  

   3  * (375 * 2 * 12 + 1250 * 5)); @FREE(GP_CHP); 

GP_IBWT = B_IBWT * (@SUM(M(I): Y_IBWT(I) * Cm(I)) - OPEX_IBWT - EL_IBWT * 0.0796 –  

   5  * (375 * 2 * 12 + 1250 * 5)); @FREE(GP_IBWT); 

GP_POB  = B_POB  * (@SUM(M(I): Y_POB(I)  * Cm(I)) - OPEX_POB  - EL_POB  * 0.0796 –  

   5  * (375 * 2 * 12 + 1250 * 5)); @FREE(GP_POB); 
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DATA: 

Yu,Yl,Cm,GHGm, 

Umax_POM,Umax_CHP,Umax_IBWT,Umax_POB, 

A_POM,A_CHP,A_IBWT,A_POB, 

CAPINV_POM,CAPINV_CHP,CAPINV_IBWT,CAPINV_POB, 

CAPINVMAX_POM,CAPINVMAX_CHP,CAPINVMAX_IBWT,CAPINVMAX_POB, 

E_POM,E_CHP,E_IBWT,E_POB, 

CC_POM,CC_CHP,CC_IBWT,CC_POB, 

OC_POM,OC_CHP,OC_IBWT,OC_POB 

= @OLE(); 

 

@OLE( '', 

'B_POM','B_CHP','B_IBWT','B_POB', 

'CAPEX_POM','CAPEX_CHP','CAPEX_IBWT','CAPEX_POB','CAPEXtot', 

'OPEX_POM','OPEX_CHP','OPEX_IBWT','OPEX_POB','OPEXtot', 

'EL_POM','EL_CHP','EL_IBWT','EL_POB','ELtot', 

'EP_POM','EP_CHP','EP_IBWT','EP_POB','EPtot', 

'GP_POM','GP_CHP','GP_IBWT','GP_POB','GPtot', 

'GHG_POM','GHG_CHP','GHG_IBWT','GHG_POB','GHGtot', 

'Y_POM','Y_CHP','Y_IBWT','Y_POB','Ytot', 

'X_POM','X_CHP','X_IBWT','X_POB', 

'FFB','Eexcess','LPSex','CPO') 

= B_POM , B_CHP , B_IBWT , B_POB ,  

CAPEX_POM , CAPEX_CHP , CAPEX_IBWT , CAPEX_POB , CAPEXtot , 

OPEX_POM , OPEX_CHP , OPEX_IBWT , OPEX_POB , OPEXtot ,  

EL_POM , EL_CHP , EL_IBWT , EL_POB , ELtot ,  

EP_POM , EP_CHP , EP_IBWT , EP_POB , EPtot ,  

GP_POM , GP_CHP , GP_IBWT , GP_POB , GPtot ,  

GHG_POM , GHG_CHP , GHG_IBWT , GHG_POB , GHGtot , 

Y_POM , Y_CHP , Y_IBWT , Y_POB , Ytot , 

X_POM , X_CHP , X_IBWT , X_POB , 

FFB , Eexcess , LPSex , CPO; 

 

ENDDATA 

 

END 

 

A.2.5.2. Case Study (Results) 

  Global optimal solution found. 

  Objective value:                              6879647. 

  Objective bound:                              6879647. 

  Infeasibilities:                             0.5960464E-07 

  Extended solver steps:                               0 

  Total solver iterations:                           136 

  Elapsed runtime seconds:                          0.34 

 

  Model Class:                                      MILP 

 

  Total variables:                    443 

  Nonlinear variables:                  0 

  Integer variables:                   34 

 

  Total constraints:                  577 

  Nonlinear constraints:                0 

 

  Total nonzeros:                    1211 

  Nonlinear nonzeros:                   0 

 

                                Variable           Value        Reduced Cost 

                                   B_POM        1.000000            0.000000 

                                   B_CHP        1.000000            0.000000 

                                  B_IBWT        1.000000            0.000000 

                                   B_POB        1.000000            0.000000 

                               CAPEX_POM        7485000.            0.000000 
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                               CAPEX_CHP        4750000.            0.000000 

                              CAPEX_IBWT        2935000.            0.000000 

                               CAPEX_POB        3790000.            0.000000 

                                CAPEXTOT       0.1896000E+08        0.000000 

                                OPEX_POM        947700.0            0.000000 

                                OPEX_CHP        180960.0            0.000000 

                               OPEX_IBWT        399400.0            0.000000 

                                OPEX_POB        1631720.            0.000000 

                                 OPEXTOT        3159780.            0.000000 

                                  EL_POM        4645536.            0.000000 

                                  EL_CHP        0.000000            0.000000 

                                 EL_IBWT        993920.0            0.000000 

                                  EL_POB        3380160.            0.000000 

                                   ELTOT        9019616.            0.000000 

                                 EEXCESS        1522.597            0.000000 

                                   LPSEX        771.3680            0.000000 

                               LPSEXCESS       0.1377443            0.000000 

                                     FFB       -261000.0            0.000000 

                                     CPO        54047.86            0.000000 

                                 GHG_POM        150128.7            0.000000 

                                 GHG_CHP        46429.22            0.000000 

                                GHG_IBWT       -43038.91            0.000000 

                                 GHG_POB       -90231.23            0.000000 

                                  GHGTOT        63287.78            0.000000 

                                   EPTOT        6879647.            0.000000 

                                   GPTOT        8706254.            0.000000 

                                  EP_POM        4747248.            0.000000 

                                  GP_POM        5468353.            0.000000 

                                  EP_CHP       -26647.91            0.000000 

                                  GP_CHP        430967.1            0.000000 

                                 EP_IBWT        508065.1            0.000000 

                                 GP_IBWT        790823.0            0.000000 

                                  EP_POB        1650982.            0.000000 

                                  GP_POB        2016111.            0.000000 

                               YTOT( M1)       -261000.0            0.000000 

                               YTOT( M2)       -77533.69            0.000000 

                               YTOT( M3)        73380.24            0.000000 

                               YTOT( M4)        0.000000            0.000000 

                               YTOT( M5)        0.000000            0.000000 

                               YTOT( M6)        0.000000            0.000000 

                               YTOT( M7)        0.000000            0.000000 

                               YTOT( M8)        0.000000            0.000000 

                               YTOT( M9)        0.000000            0.000000 

                              YTOT( M10)        0.000000            0.000000 

                              YTOT( M11)        0.000000            0.000000 

                              YTOT( M12)        438.1693            0.000000 

                              YTOT( M13)        0.000000            0.000000 

                              YTOT( M14)        0.000000            0.000000 

                              YTOT( M15)        54047.86            0.000000 

                              YTOT( M16)        19650.58            0.000000 

                              YTOT( M17)        14551.83            0.000000 

                              YTOT( M18)        0.000000            0.000000 

                              YTOT( M19)        771.3680            0.000000 

                              YTOT( M20)        0.000000            0.000000 

                              YTOT( M21)        0.000000            0.000000 

                              YTOT( M22)        0.000000            0.000000 

                              YTOT( M23)        0.000000            0.000000 

                              YTOT( M24)        0.000000            0.000000 

                              YTOT( M25)        9475.281            0.000000 

                              YTOT( M26)       0.2120039E+08        0.000000 

                              YTOT( M27)        0.000000            0.000000 

                              YTOT( M28)        0.000000            0.000000 

                              YTOT( M29)       -106921.1            0.000000 

                              YTOT( M30)        1636.630            0.000000 

                              YTOT( M31)        0.000000            0.000000 

                              YTOT( M32)        61602.38            0.000000 

                              YTOT( M33)        0.000000            0.000000 

                              YTOT( M34)        0.000000            0.000000 
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                              YTOT( M35)        0.000000            0.000000 

                              YTOT( M36)        0.000000            0.000000 

                              YTOT( M37)        0.000000            0.000000 

                              YTOT( M38)        0.000000            0.000000 

                              YTOT( M39)        4130.867            0.000000 

                              YTOT( M40)        10500.00            0.000000 

                              YTOT( M41)        52539.10            0.000000 

                              YTOT( M42)        126216.0            0.000000 

                              YTOT( M43)        0.000000            0.000000 

                              YTOT( M44)        3500.000            0.000000 

                              YTOT( M45)        0.000000            0.000000 

                              YTOT( M46)        7000.000            0.000000 

                              YTOT( M47)        0.000000            0.000000 

                              YTOT( M48)        24531.24            0.000000 

                              YTOT( M49)        5162.073            0.000000 

                              Y_POM( M1)       -261000.0            0.000000 

                              Y_POM( M2)       -77533.69            0.000000 

                              Y_POM( M3)        73380.24            0.000000 

                              Y_POM( M4)        0.000000            0.000000 

                              Y_POM( M5)        0.000000            0.000000 

                              Y_POM( M6)        0.000000            0.000000 

                              Y_POM( M7)        0.000000            0.000000 

                              Y_POM( M8)        0.000000            0.000000 

                              Y_POM( M9)        0.000000            0.000000 

                             Y_POM( M10)        0.000000            0.000000 

                             Y_POM( M11)        0.000000            0.000000 

                             Y_POM( M12)        438.1693            0.000000 

                             Y_POM( M13)        0.000000            0.000000 

                             Y_POM( M14)        0.000000            0.000000 

                             Y_POM( M15)        54047.86            0.000000 

                             Y_POM( M16)        19650.58            0.000000 

                             Y_POM( M17)        14551.83            0.000000 

                             Y_POM( M18)        38691.02            0.000000 

                             Y_POM( M19)       -106149.7            0.000000 

                             Y_POM( M20)        15486.22            0.000000 

                             Y_POM( M21)        48934.37            0.000000 

                             Y_POM( M22)       -1758.236            0.000000 

                             Y_POM( M23)        181261.4            0.000000 

                             Y_POM( M24)        0.000000            0.000000 

                             Y_POM( M25)        0.000000            0.000000 

                             Y_POM( M26)        0.000000            0.000000 

                             Y_POM( M27)        0.000000            0.000000 

                             Y_POM( M28)        0.000000            0.000000 

                             Y_POM( M29)        0.000000            0.000000 

                             Y_POM( M30)        0.000000            0.000000 

                             Y_POM( M31)        0.000000            0.000000 

                             Y_POM( M32)        0.000000            0.000000 

                             Y_POM( M33)        0.000000            0.000000 

                             Y_POM( M34)        0.000000            0.000000 

                             Y_POM( M35)        0.000000            0.000000 

                             Y_POM( M36)        0.000000            0.000000 

                             Y_POM( M37)        0.000000            0.000000 

                             Y_POM( M38)        0.000000            0.000000 

                             Y_POM( M39)        0.000000            0.000000 

                             Y_POM( M40)        0.000000            0.000000 

                             Y_POM( M41)        0.000000            0.000000 

                             Y_POM( M42)        0.000000            0.000000 

                             Y_POM( M43)        0.000000            0.000000 

                             Y_POM( M44)        0.000000            0.000000 

                             Y_POM( M45)        0.000000            0.000000 

                             Y_POM( M46)        0.000000            0.000000 

                             Y_POM( M47)        0.000000            0.000000 

                             Y_POM( M48)        0.000000            0.000000 

                             Y_POM( M49)        0.000000            0.000000 

                              Y_CHP( M1)        0.000000            0.000000 

                              Y_CHP( M2)        0.000000            0.000000 

                              Y_CHP( M3)        0.000000            0.000000 

                              Y_CHP( M4)        0.000000            0.000000 
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                              Y_CHP( M5)        0.000000            0.000000 

                              Y_CHP( M6)        0.000000            0.000000 

                              Y_CHP( M7)        0.000000            0.000000 

                              Y_CHP( M8)        0.000000            0.000000 

                              Y_CHP( M9)        0.000000            0.000000 

                             Y_CHP( M10)        0.000000            0.000000 

                             Y_CHP( M11)        0.000000            0.000000 

                             Y_CHP( M12)        0.000000            0.000000 

                             Y_CHP( M13)        0.000000            0.000000 

                             Y_CHP( M14)        0.000000            0.000000 

                             Y_CHP( M15)        0.000000            0.000000 

                             Y_CHP( M16)        0.000000            0.000000 

                             Y_CHP( M17)        0.000000            0.000000 

                             Y_CHP( M18)       -38691.02            0.000000 

                             Y_CHP( M19)        106921.1            0.000000 

                             Y_CHP( M20)        0.000000            0.000000 

                             Y_CHP( M21)        0.000000            0.000000 

                             Y_CHP( M22)        0.000000            0.000000 

                             Y_CHP( M23)        0.000000            0.000000 

                             Y_CHP( M24)        0.000000            0.000000 

                             Y_CHP( M25)       -117180.8            0.000000 

                             Y_CHP( M26)        4751559.            0.000000 

                             Y_CHP( M27)        0.000000            0.000000 

                             Y_CHP( M28)        0.000000            0.000000 

                             Y_CHP( M29)       -106921.1            0.000000 

                             Y_CHP( M30)        1636.630            0.000000 

                             Y_CHP( M31)        0.000000            0.000000 

                             Y_CHP( M32)        46429.22            0.000000 

                             Y_CHP( M33)        117180.8            0.000000 

                             Y_CHP( M34)        0.000000            0.000000 

                             Y_CHP( M35)        0.000000            0.000000 

                             Y_CHP( M36)        0.000000            0.000000 

                             Y_CHP( M37)        0.000000            0.000000 

                             Y_CHP( M38)        0.000000            0.000000 

                             Y_CHP( M39)        0.000000            0.000000 

                             Y_CHP( M40)        0.000000            0.000000 

                             Y_CHP( M41)        0.000000            0.000000 

                             Y_CHP( M42)        0.000000            0.000000 

                             Y_CHP( M43)        0.000000            0.000000 

                             Y_CHP( M44)        0.000000            0.000000 

                             Y_CHP( M45)        0.000000            0.000000 

                             Y_CHP( M46)        0.000000            0.000000 

                             Y_CHP( M47)        0.000000            0.000000 

                             Y_CHP( M48)        0.000000            0.000000 

                             Y_CHP( M49)        0.000000            0.000000 

                             Y_IBWT( M1)        0.000000            0.000000 

                             Y_IBWT( M2)        0.000000            0.000000 

                             Y_IBWT( M3)        0.000000            0.000000 

                             Y_IBWT( M4)        0.000000            0.000000 

                             Y_IBWT( M5)        0.000000            0.000000 

                             Y_IBWT( M6)        0.000000            0.000000 

                             Y_IBWT( M7)        0.000000            0.000000 

                             Y_IBWT( M8)        0.000000            0.000000 

                             Y_IBWT( M9)        0.000000            0.000000 

                            Y_IBWT( M10)        0.000000            0.000000 

                            Y_IBWT( M11)        0.000000            0.000000 

                            Y_IBWT( M12)        0.000000            0.000000 

                            Y_IBWT( M13)        0.000000            0.000000 

                            Y_IBWT( M14)        0.000000            0.000000 

                            Y_IBWT( M15)        0.000000            0.000000 

                            Y_IBWT( M16)        0.000000            0.000000 

                            Y_IBWT( M17)        0.000000            0.000000 

                            Y_IBWT( M18)        0.000000            0.000000 

                            Y_IBWT( M19)        0.000000            0.000000 

                            Y_IBWT( M20)        0.000000            0.000000 

                            Y_IBWT( M21)        0.000000            0.000000 

                            Y_IBWT( M22)        1758.236            0.000000 

                            Y_IBWT( M23)       -181261.4            0.000000 
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                            Y_IBWT( M24)        0.000000            0.000000 

                            Y_IBWT( M25)        126656.0            0.000000 

                            Y_IBWT( M26)       0.1644884E+08        0.000000 

                            Y_IBWT( M27)        0.000000            0.000000 

                            Y_IBWT( M28)        0.000000            0.000000 

                            Y_IBWT( M29)        0.000000            0.000000 

                            Y_IBWT( M30)        0.000000            0.000000 

                            Y_IBWT( M31)        0.000000            0.000000 

                            Y_IBWT( M32)        10757.54            0.000000 

                            Y_IBWT( M33)        0.000000            0.000000 

                            Y_IBWT( M34)        0.000000            0.000000 

                            Y_IBWT( M35)        0.000000            0.000000 

                            Y_IBWT( M36)        0.000000            0.000000 

                            Y_IBWT( M37)        0.000000            0.000000 

                            Y_IBWT( M38)        0.000000            0.000000 

                            Y_IBWT( M39)        18130.87            0.000000 

                            Y_IBWT( M40)        0.000000            0.000000 

                            Y_IBWT( M41)        147671.3            0.000000 

                            Y_IBWT( M42)        7772.171            0.000000 

                            Y_IBWT( M43)        0.000000            0.000000 

                            Y_IBWT( M44)        0.000000            0.000000 

                            Y_IBWT( M45)        0.000000            0.000000 

                            Y_IBWT( M46)        0.000000            0.000000 

                            Y_IBWT( M47)        0.000000            0.000000 

                            Y_IBWT( M48)        0.000000            0.000000 

                            Y_IBWT( M49)        0.000000            0.000000 

                              Y_POB( M1)        0.000000            0.000000 

                              Y_POB( M2)        0.000000            0.000000 

                              Y_POB( M3)        0.000000            0.000000 

                              Y_POB( M4)        0.000000            0.000000 

                              Y_POB( M5)        0.000000            0.000000 

                              Y_POB( M6)        0.000000            0.000000 

                              Y_POB( M7)        0.000000            0.000000 

                              Y_POB( M8)        0.000000            0.000000 

                              Y_POB( M9)        0.000000            0.000000 

                             Y_POB( M10)        0.000000            0.000000 

                             Y_POB( M11)        0.000000            0.000000 

                             Y_POB( M12)        0.000000            0.000000 

                             Y_POB( M13)        0.000000            0.000000 

                             Y_POB( M14)        0.000000            0.000000 

                             Y_POB( M15)        0.000000            0.000000 

                             Y_POB( M16)        0.000000            0.000000 

                             Y_POB( M17)        0.000000            0.000000 

                             Y_POB( M18)        0.000000            0.000000 

                             Y_POB( M19)        0.000000            0.000000 

                             Y_POB( M20)       -15486.22            0.000000 

                             Y_POB( M21)       -48934.37            0.000000 

                             Y_POB( M22)        0.000000            0.000000 

                             Y_POB( M23)        0.000000            0.000000 

                             Y_POB( M24)        0.000000            0.000000 

                             Y_POB( M25)        0.000000            0.000000 

                             Y_POB( M26)        0.000000            0.000000 

                             Y_POB( M27)        0.000000            0.000000 

                             Y_POB( M28)        0.000000            0.000000 

                             Y_POB( M29)        0.000000            0.000000 

                             Y_POB( M30)        0.000000            0.000000 

                             Y_POB( M31)        0.000000            0.000000 

                             Y_POB( M32)        4415.624            0.000000 

                             Y_POB( M33)       -117180.8            0.000000 

                             Y_POB( M34)        0.000000            0.000000 

                             Y_POB( M35)        0.000000            0.000000 

                             Y_POB( M36)        0.000000            0.000000 

                             Y_POB( M37)        0.000000            0.000000 

                             Y_POB( M38)        0.000000            0.000000 

                             Y_POB( M39)       -14000.00            0.000000 

                             Y_POB( M40)        10500.00            0.000000 

                             Y_POB( M41)       -95132.16            0.000000 

                             Y_POB( M42)        118443.8            0.000000 
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                             Y_POB( M43)        0.000000            0.000000 

                             Y_POB( M44)        3500.000            0.000000 

                             Y_POB( M45)        0.000000            0.000000 

                             Y_POB( M46)        7000.000            0.000000 

                             Y_POB( M47)        0.000000            0.000000 

                             Y_POB( M48)        24531.24            0.000000 

                             Y_POB( M49)        5162.073            0.000000 

                                 YU( M1)        0.000000            0.000000 

                                 YU( M2)        0.000000            0.000000 

                                 YU( M3)        1000000.            0.000000 

                                 YU( M4)        0.000000            0.000000 

                                 YU( M5)        1000000.            0.000000 

                                 YU( M6)        0.000000            0.000000 

                                 YU( M7)        0.000000            0.000000 

                                 YU( M8)        0.000000            0.000000 

                                 YU( M9)        0.000000            0.000000 

                                YU( M10)        0.000000            0.000000 

                                YU( M11)        0.000000            0.000000 

                                YU( M12)        100000.0            0.000000 

                                YU( M13)        0.000000            0.000000 

                                YU( M14)        0.000000            0.000000 

                                YU( M15)        1000000.            0.000000 

                                YU( M16)        1000000.            0.000000 

                                YU( M17)        1000000.            0.000000 

                                YU( M18)        1000000.            0.000000 

                                YU( M19)        1000000.            0.000000 

                                YU( M20)        1000000.            0.000000 

                                YU( M21)        1000000.            0.000000 

                                YU( M22)        0.000000            0.000000 

                                YU( M23)        1000000.            0.000000 

                                YU( M24)        0.000000            0.000000 

                                YU( M25)        1000000.            0.000000 

                                YU( M26)       0.1000000E+09        0.000000 

                                YU( M27)        0.000000            0.000000 

                                YU( M28)        1000000.            0.000000 

                                YU( M29)        0.000000            0.000000 

                                YU( M30)        1000000.            0.000000 

                                YU( M31)        1000000.            0.000000 

                                YU( M32)       0.1000000E+09        0.000000 

                                YU( M33)        0.000000            0.000000 

                                YU( M34)        0.000000            0.000000 

                                YU( M35)        0.000000            0.000000 

                                YU( M36)        0.000000            0.000000 

                                YU( M37)        0.000000            0.000000 

                                YU( M38)        0.000000            0.000000 

                                YU( M39)        1000000.            0.000000 

                                YU( M40)        1000000.            0.000000 

                                YU( M41)        1000000.            0.000000 

                                YU( M42)        1000000.            0.000000 

                                YU( M43)        0.000000            0.000000 

                                YU( M44)        1000000.            0.000000 

                                YU( M45)        0.000000            0.000000 

                                YU( M46)        1000000.            0.000000 

                                YU( M47)        1000000.            0.000000 

                                YU( M48)        1000000.            0.000000 

                                YU( M49)        1000000.            0.000000 

                                 YL( M1)      -0.1000000E+08        0.000000 

                                 YL( M2)       -1000000.            0.000000 

                                 YL( M3)        0.000000            0.000000 

                                 YL( M4)        0.000000            0.000000 

                                 YL( M5)        0.000000            0.000000 

                                 YL( M6)        0.000000            0.000000 

                                 YL( M7)        0.000000            0.000000 

                                 YL( M8)        0.000000            0.000000 

                                 YL( M9)        0.000000            0.000000 

                                YL( M10)        0.000000            0.000000 

                                YL( M11)        0.000000            0.000000 

                                YL( M12)        0.000000            0.000000 
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                                YL( M13)        0.000000            0.000000 

                                YL( M14)        0.000000            0.000000 

                                YL( M15)        0.000000            0.000000 

                                YL( M16)        0.000000            0.000000 

                                YL( M17)        0.000000            0.000000 

                                YL( M18)        0.000000            0.000000 

                                YL( M19)        0.000000            0.000000 

                                YL( M20)        0.000000            0.000000 

                                YL( M21)        0.000000            0.000000 

                                YL( M22)        0.000000            0.000000 

                                YL( M23)        0.000000            0.000000 

                                YL( M24)        0.000000            0.000000 

                                YL( M25)        0.000000            0.000000 

                                YL( M26)        0.000000            0.000000 

                                YL( M27)        0.000000            0.000000 

                                YL( M28)        0.000000            0.000000 

                                YL( M29)       -1000000.            0.000000 

                                YL( M30)        0.000000            0.000000 

                                YL( M31)        0.000000            0.000000 

                                YL( M32)        0.000000            0.000000 

                                YL( M33)        0.000000            0.000000 

                                YL( M34)        0.000000            0.000000 

                                YL( M35)        0.000000            0.000000 

                                YL( M36)        0.000000            0.000000 

                                YL( M37)        0.000000            0.000000 

                                YL( M38)        0.000000            0.000000 

                                YL( M39)        0.000000            0.000000 

                                YL( M40)        0.000000            0.000000 

                                YL( M41)        0.000000            0.000000 

                                YL( M42)        0.000000            0.000000 

                                YL( M43)        0.000000            0.000000 

                                YL( M44)        0.000000            0.000000 

                                YL( M45)        0.000000            0.000000 

                                YL( M46)        0.000000            0.000000 

                                YL( M47)        0.000000            0.000000 

                                YL( M48)        0.000000            0.000000 

                                YL( M49)        0.000000            0.000000 

                                 CM( M1)        121.0000            0.000000 

                                 CM( M2)       0.5500000            0.000000 

                                 CM( M3)        0.000000            0.000000 

                                 CM( M4)        0.000000            0.000000 

                                 CM( M5)        0.000000            0.000000 

                                 CM( M6)        0.000000            0.000000 

                                 CM( M7)        0.000000            0.000000 

                                 CM( M8)        0.000000            0.000000 

                                 CM( M9)        0.000000            0.000000 

                                CM( M10)        0.000000            0.000000 

                                CM( M11)        0.000000            0.000000 

                                CM( M12)        0.000000            0.000000 

                                CM( M13)        0.000000            0.000000 

                                CM( M14)        0.000000            0.000000 

                                CM( M15)        548.0000            0.000000 

                                CM( M16)        389.0000            0.000000 

                                CM( M17)        43.00000            0.000000 

                                CM( M18)        23.00000            0.000000 

                                CM( M19)        12.00000            0.000000 

                                CM( M20)        45.00000            0.000000 

                                CM( M21)        8.000000            0.000000 

                                CM( M22)        0.000000            0.000000 

                                CM( M23)        0.000000            0.000000 

                                CM( M24)        0.000000            0.000000 

                                CM( M25)        0.000000            0.000000 

                                CM( M26)       0.7960000E-01        0.000000 

                                CM( M27)        0.000000            0.000000 

                                CM( M28)        0.000000            0.000000 

                                CM( M29)        1.140000            0.000000 

                                CM( M30)        5.000000            0.000000 

                                CM( M31)        0.000000            0.000000 
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                                CM( M32)        0.000000            0.000000 

                                CM( M33)        0.000000            0.000000 

                                CM( M34)        0.000000            0.000000 

                                CM( M35)        0.000000            0.000000 

                                CM( M36)        0.000000            0.000000 

                                CM( M37)        0.000000            0.000000 

                                CM( M38)        0.000000            0.000000 

                                CM( M39)        2.000000            0.000000 

                                CM( M40)        0.000000            0.000000 

                                CM( M41)        0.000000            0.000000 

                                CM( M42)        0.000000            0.000000 

                                CM( M43)        0.000000            0.000000 

                                CM( M44)        16.50000            0.000000 

                                CM( M45)        0.000000            0.000000 

                                CM( M46)        150.0000            0.000000 

                                CM( M47)        0.000000            0.000000 

                                CM( M48)        100.0000            0.000000 

                                CM( M49)        300.0000            0.000000 

                               GHGM( M1)        0.000000            0.000000 

                               GHGM( M2)        0.000000            0.000000 

                               GHGM( M3)        0.000000            0.000000 

                               GHGM( M4)        0.000000            0.000000 

                               GHGM( M5)        0.000000            0.000000 

                               GHGM( M6)        0.000000            0.000000 

                               GHGM( M7)        0.000000            0.000000 

                               GHGM( M8)        0.000000            0.000000 

                               GHGM( M9)        0.000000            0.000000 

                              GHGM( M10)        0.000000            0.000000 

                              GHGM( M11)        0.000000            0.000000 

                              GHGM( M12)        0.000000            0.000000 

                              GHGM( M13)        0.000000            0.000000 

                              GHGM( M14)        0.000000            0.000000 

                              GHGM( M15)        0.000000            0.000000 

                              GHGM( M16)        0.000000            0.000000 

                              GHGM( M17)        0.000000            0.000000 

                              GHGM( M18)        0.000000            0.000000 

                              GHGM( M19)        0.000000            0.000000 

                              GHGM( M20)        1.951000            0.000000 

                              GHGM( M21)        1.200000            0.000000 

                              GHGM( M22)        0.000000            0.000000 

                              GHGM( M23)       0.3376000            0.000000 

                              GHGM( M24)        0.000000            0.000000 

                              GHGM( M25)        0.000000            0.000000 

                              GHGM( M26)        0.000000            0.000000 

                              GHGM( M27)        0.000000            0.000000 

                              GHGM( M28)        0.000000            0.000000 

                              GHGM( M29)        0.000000            0.000000 

                              GHGM( M30)        0.000000            0.000000 

                              GHGM( M31)        0.000000            0.000000 

                              GHGM( M32)        1.000000            0.000000 

                              GHGM( M33)        0.000000            0.000000 

                              GHGM( M34)        0.000000            0.000000 

                              GHGM( M35)        0.000000            0.000000 

                              GHGM( M36)        0.000000            0.000000 

                              GHGM( M37)        0.000000            0.000000 

                              GHGM( M38)        0.000000            0.000000 

                              GHGM( M39)       0.4080000            0.000000 

                              GHGM( M40)        0.000000            0.000000 

                              GHGM( M41)        0.000000            0.000000 

                              GHGM( M42)        0.000000            0.000000 

                              GHGM( M43)        0.000000            0.000000 

                              GHGM( M44)        0.000000            0.000000 

                              GHGM( M45)        0.000000            0.000000 

                              GHGM( M46)        0.000000            0.000000 

                              GHGM( M47)        0.000000            0.000000 

                              GHGM( M48)        0.000000            0.000000 

                              GHGM( M49)        0.000000            0.000000 

                          X_POM( T_POM1)        261000.0            0.000000 
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                          X_POM( T_POM2)        234900.0            0.000000 

                          X_POM( T_POM3)        56376.00            0.000000 

                          X_POM( T_POM4)        178524.0            0.000000 

                          X_POM( T_POM5)        185665.0            0.000000 

                          X_POM( T_POM6)        74265.98            0.000000 

                          X_POM( T_POM7)        43816.93            0.000000 

                          X_POM( T_POM8)        43378.76            0.000000 

                          X_POM( T_POM9)        111399.0            0.000000 

                         X_POM( T_POM10)        11775.41            0.000000 

                         X_POM( T_POM11)        60155.45            0.000000 

                         X_POM( T_POM12)        128777.2            0.000000 

                          U_POM( T_POM1)        2.000000            256332.4 

                          U_POM( T_POM2)        1.000000            55477.54 

                          U_POM( T_POM3)        1.000000            32023.68 

                          U_POM( T_POM4)        2.000000            27628.42 

                          U_POM( T_POM5)        2.000000            64596.48 

                          U_POM( T_POM6)        2.000000            66694.96 

                          U_POM( T_POM7)        1.000000            59835.76 

                          U_POM( T_POM8)        1.000000            31219.43 

                          U_POM( T_POM9)        2.000000            35117.18 

                         U_POM( T_POM10)        1.000000            0.000000 

                         U_POM( T_POM11)        2.000000            84721.92 

                         U_POM( T_POM12)        1.000000            68745.60 

                         BT_POM( T_POM1)       0.6214286            0.000000 

                         BT_POM( T_POM2)       0.6711429            0.000000 

                         BT_POM( T_POM3)       0.4026857            0.000000 

                         BT_POM( T_POM4)       0.6375857            0.000000 

                         BT_POM( T_POM5)       0.5304713            0.000000 

                         BT_POM( T_POM6)       0.5304713            0.000000 

                         BT_POM( T_POM7)       0.6259562            0.000000 

                         BT_POM( T_POM8)       0.4131311            0.000000 

                         BT_POM( T_POM9)       0.5304713            0.000000 

                        BT_POM( T_POM10)       0.1177541E-01        0.000000 

                        BT_POM( T_POM11)       0.5371022            0.000000 

                        BT_POM( T_POM12)       0.4599186            0.000000 

                       UMAX_POM( T_POM1)        3.000000            0.000000 

                       UMAX_POM( T_POM2)        1.000000            0.000000 

                       UMAX_POM( T_POM3)        2.000000            0.000000 

                       UMAX_POM( T_POM4)        2.000000            0.000000 

                       UMAX_POM( T_POM5)        2.000000            0.000000 

                       UMAX_POM( T_POM6)        2.000000            0.000000 

                       UMAX_POM( T_POM7)        1.000000            0.000000 

                       UMAX_POM( T_POM8)        1.000000            0.000000 

                       UMAX_POM( T_POM9)        3.000000            0.000000 

                      UMAX_POM( T_POM10)        1.000000            0.000000 

                      UMAX_POM( T_POM11)        2.000000            0.000000 

                      UMAX_POM( T_POM12)        2.000000            0.000000 

                       ETOT_POM( T_POM1)        1013376.            0.000000 

                       ETOT_POM( T_POM2)        188160.0            0.000000 

                       ETOT_POM( T_POM3)        100800.0            0.000000 

                       ETOT_POM( T_POM4)        241920.0            0.000000 

                       ETOT_POM( T_POM5)        537600.0            0.000000 

                       ETOT_POM( T_POM6)        921984.0            0.000000 

                       ETOT_POM( T_POM7)        208992.0            0.000000 

                       ETOT_POM( T_POM8)        196224.0            0.000000 

                       ETOT_POM( T_POM9)        430080.0            0.000000 

                      ETOT_POM( T_POM10)        0.000000            0.000000 

                      ETOT_POM( T_POM11)        470400.0            0.000000 

                      ETOT_POM( T_POM12)        336000.0            0.000000 

                      CCTOT_POM( T_POM1)        3600000.            0.000000 

                      CCTOT_POM( T_POM2)        225000.0            0.000000 

                      CCTOT_POM( T_POM3)        240000.0            0.000000 

                      CCTOT_POM( T_POM4)        300000.0            0.000000 

                      CCTOT_POM( T_POM5)        360000.0            0.000000 

                      CCTOT_POM( T_POM6)        500000.0            0.000000 

                      CCTOT_POM( T_POM7)        180000.0            0.000000 

                      CCTOT_POM( T_POM8)        250000.0            0.000000 

                      CCTOT_POM( T_POM9)        450000.0            0.000000 
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                     CCTOT_POM( T_POM10)        0.000000            0.000000 

                     CCTOT_POM( T_POM11)        780000.0            0.000000 

                     CCTOT_POM( T_POM12)        600000.0            0.000000 

                      OCTOT_POM( T_POM1)        432000.0            0.000000 

                      OCTOT_POM( T_POM2)        40500.00            0.000000 

                      OCTOT_POM( T_POM3)        24000.00            0.000000 

                      OCTOT_POM( T_POM4)        36000.00            0.000000 

                      OCTOT_POM( T_POM5)        86400.00            0.000000 

                      OCTOT_POM( T_POM6)        60000.00            0.000000 

                      OCTOT_POM( T_POM7)        43200.00            0.000000 

                      OCTOT_POM( T_POM8)        15600.00            0.000000 

                      OCTOT_POM( T_POM9)        36000.00            0.000000 

                     OCTOT_POM( T_POM10)        0.000000            0.000000 

                     OCTOT_POM( T_POM11)        132000.0            0.000000 

                     OCTOT_POM( T_POM12)        42000.00            0.000000 

                          X_CHP( T_CHP1)        38691.02            0.000000 

                          X_CHP( T_CHP2)        0.000000            49.82614 

                          X_CHP( T_CHP3)        100546.5            0.000000 

                          X_CHP( T_CHP4)        1367979.            0.000000 

                          X_CHP( T_CHP5)        3383579.            0.000000 

                          X_CHP( T_CHP6)        117180.8            0.000000 

                          U_CHP( T_CHP1)        1.000000            0.000000 

                          U_CHP( T_CHP2)        1.000000            0.000000 

                          U_CHP( T_CHP3)        1.000000            96000.00 

                          U_CHP( T_CHP4)        1.000000            19920.00 

                          U_CHP( T_CHP5)        1.000000            14640.00 

                          U_CHP( T_CHP6)        1.000000            50400.00 

                         BT_CHP( T_CHP1)       0.3869102E-01        0.000000 

                         BT_CHP( T_CHP2)        0.000000            0.000000 

                         BT_CHP( T_CHP3)       0.5745513            0.000000 

                         BT_CHP( T_CHP4)       0.1954256            0.000000 

                         BT_CHP( T_CHP5)       0.4833685            0.000000 

                         BT_CHP( T_CHP6)       0.3348022            0.000000 

                       UMAX_CHP( T_CHP1)        1.000000            0.000000 

                       UMAX_CHP( T_CHP2)        1.000000            0.000000 

                       UMAX_CHP( T_CHP3)        1.000000            0.000000 

                       UMAX_CHP( T_CHP4)        1.000000            0.000000 

                       UMAX_CHP( T_CHP5)        2.000000            0.000000 

                       UMAX_CHP( T_CHP6)        1.000000            0.000000 

                       ETOT_CHP( T_CHP1)        0.000000            0.000000 

                       ETOT_CHP( T_CHP2)        0.000000            0.000000 

                       ETOT_CHP( T_CHP3)        0.000000            0.000000 

                       ETOT_CHP( T_CHP4)        0.000000            0.000000 

                       ETOT_CHP( T_CHP5)        0.000000            0.000000 

                       ETOT_CHP( T_CHP6)        0.000000            0.000000 

                      CCTOT_CHP( T_CHP1)        0.000000            0.000000 

                      CCTOT_CHP( T_CHP2)        0.000000            0.000000 

                      CCTOT_CHP( T_CHP3)        2000000.            0.000000 

                      CCTOT_CHP( T_CHP4)        830000.0            0.000000 

                      CCTOT_CHP( T_CHP5)        1220000.            0.000000 

                      CCTOT_CHP( T_CHP6)        700000.0            0.000000 

                      OCTOT_CHP( T_CHP1)        0.000000            0.000000 

                      OCTOT_CHP( T_CHP2)        0.000000            0.000000 

                      OCTOT_CHP( T_CHP3)        96000.00            0.000000 

                      OCTOT_CHP( T_CHP4)        19920.00            0.000000 

                      OCTOT_CHP( T_CHP5)        14640.00            0.000000 

                      OCTOT_CHP( T_CHP6)        50400.00            0.000000 

                        X_IBWT( T_IBWT1)        181261.4            0.000000 

                        X_IBWT( T_IBWT2)        179497.7            0.000000 

                        X_IBWT( T_IBWT3)        179497.7            0.000000 

                        X_IBWT( T_IBWT4)        5920014.            0.000000 

                        X_IBWT( T_IBWT5)       0.1644884E+08        0.000000 

                        X_IBWT( T_IBWT6)        171061.3            0.000000 

                        X_IBWT( T_IBWT7)        155443.4            0.000000 

                        U_IBWT( T_IBWT1)        2.000000            5942.016 

                        U_IBWT( T_IBWT2)        1.000000            8820.800 

                        U_IBWT( T_IBWT3)        1.000000            224583.2 

                        U_IBWT( T_IBWT4)        3.000000            31641.60 
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                        U_IBWT( T_IBWT5)        3.000000            25200.00 

                        U_IBWT( T_IBWT6)        1.000000            49424.80 

                        U_IBWT( T_IBWT7)        1.000000            13278.40 

                       BT_IBWT( T_IBWT1)       0.5178897            0.000000 

                       BT_IBWT( T_IBWT2)       0.6731165            0.000000 

                       BT_IBWT( T_IBWT3)       0.7023824            0.000000 

                       BT_IBWT( T_IBWT4)       0.5967756            0.000000 

                       BT_IBWT( T_IBWT5)       0.6853682            0.000000 

                       BT_IBWT( T_IBWT6)       0.6540580            0.000000 

                       BT_IBWT( T_IBWT7)       0.6476810            0.000000 

                     UMAX_IBWT( T_IBWT1)        2.000000            0.000000 

                     UMAX_IBWT( T_IBWT2)        1.000000            0.000000 

                     UMAX_IBWT( T_IBWT3)        1.000000            0.000000 

                     UMAX_IBWT( T_IBWT4)        4.000000            0.000000 

                     UMAX_IBWT( T_IBWT5)        3.000000            0.000000 

                     UMAX_IBWT( T_IBWT6)        1.000000            0.000000 

                     UMAX_IBWT( T_IBWT7)        1.000000            0.000000 

                     ETOT_IBWT( T_IBWT1)        73920.00            0.000000 

                     ETOT_IBWT( T_IBWT2)        48000.00            0.000000 

                     ETOT_IBWT( T_IBWT3)        192000.0            0.000000 

                     ETOT_IBWT( T_IBWT4)        288000.0            0.000000 

                     ETOT_IBWT( T_IBWT5)        0.000000            0.000000 

                     ETOT_IBWT( T_IBWT6)        288000.0            0.000000 

                     ETOT_IBWT( T_IBWT7)        104000.0            0.000000 

                    CCTOT_IBWT( T_IBWT1)        50000.00            0.000000 

                    CCTOT_IBWT( T_IBWT2)        50000.00            0.000000 

                    CCTOT_IBWT( T_IBWT3)        460000.0            0.000000 

                    CCTOT_IBWT( T_IBWT4)        800000.0            0.000000 

                    CCTOT_IBWT( T_IBWT5)        945000.0            0.000000 

                    CCTOT_IBWT( T_IBWT6)        530000.0            0.000000 

                    CCTOT_IBWT( T_IBWT7)        100000.0            0.000000 

                    OCTOT_IBWT( T_IBWT1)        6000.000            0.000000 

                    OCTOT_IBWT( T_IBWT2)        5000.000            0.000000 

                    OCTOT_IBWT( T_IBWT3)        209300.0            0.000000 

                    OCTOT_IBWT( T_IBWT4)        72000.00            0.000000 

                    OCTOT_IBWT( T_IBWT5)        75600.00            0.000000 

                    OCTOT_IBWT( T_IBWT6)        26500.00            0.000000 

                    OCTOT_IBWT( T_IBWT7)        5000.000            0.000000 

                          X_POB( T_POB1)        14000.00            0.000000 

                          X_POB( T_POB2)        14000.00            0.000000 

                          X_POB( T_POB3)        0.000000            117.2188 

                          X_POB( T_POB4)        15317.75            0.000000 

                          X_POB( T_POB5)        7000.000            0.000000 

                          X_POB( T_POB6)        33616.62            0.000000 

                          X_POB( T_POB7)        0.000000            9.395416 

                          X_POB( T_POB8)        24531.24            0.000000 

                          X_POB( T_POB9)        5162.073            0.000000 

                          U_POB( T_POB1)        1.000000            6329.472 

                          U_POB( T_POB2)        1.000000           -6828.080 

                          U_POB( T_POB3)        0.000000            16423.68 

                          U_POB( T_POB4)        1.000000            12418.94 

                          U_POB( T_POB5)        1.000000           -70659.92 

                          U_POB( T_POB6)        3.000000            38745.60 

                          U_POB( T_POB7)        1.000000            0.000000 

                          U_POB( T_POB8)        4.000000            250000.0 

                          U_POB( T_POB9)        1.000000            336000.0 

                         BT_POB( T_POB1)       0.1800000            0.000000 

                         BT_POB( T_POB2)       0.5000000            0.000000 

                         BT_POB( T_POB3)        0.000000            0.000000 

                         BT_POB( T_POB4)       0.3647082            0.000000 

                         BT_POB( T_POB5)       0.5000000            0.000000 

                         BT_POB( T_POB6)       0.6002968            0.000000 

                         BT_POB( T_POB7)        0.000000            0.000000 

                         BT_POB( T_POB8)       0.7008926            0.000000 

                         BT_POB( T_POB9)       0.6145325            0.000000 

                       UMAX_POB( T_POB1)        1.000000            0.000000 

                       UMAX_POB( T_POB2)        2.000000            0.000000 

                       UMAX_POB( T_POB3)        0.000000            0.000000 
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                       UMAX_POB( T_POB4)        2.000000            0.000000 

                       UMAX_POB( T_POB5)        2.000000            0.000000 

                       UMAX_POB( T_POB6)        4.000000            0.000000 

                       UMAX_POB( T_POB7)        1.000000            0.000000 

                       UMAX_POB( T_POB8)        5.000000            0.000000 

                       UMAX_POB( T_POB9)        1.000000            0.000000 

                       ETOT_POB( T_POB1)        40320.00            0.000000 

                       ETOT_POB( T_POB2)        235200.0            0.000000 

                       ETOT_POB( T_POB3)        0.000000            0.000000 

                       ETOT_POB( T_POB4)        80640.00            0.000000 

                       ETOT_POB( T_POB5)        2016000.            0.000000 

                       ETOT_POB( T_POB6)        1008000.            0.000000 

                       ETOT_POB( T_POB7)        0.000000            0.000000 

                       ETOT_POB( T_POB8)        0.000000            0.000000 

                       ETOT_POB( T_POB9)        0.000000            0.000000 

                      CCTOT_POB( T_POB1)        20000.00            0.000000 

                      CCTOT_POB( T_POB2)        100000.0            0.000000 

                      CCTOT_POB( T_POB3)        0.000000            0.000000 

                      CCTOT_POB( T_POB4)        40000.00            0.000000 

                      CCTOT_POB( T_POB5)        1100000.            0.000000 

                      CCTOT_POB( T_POB6)        80000.00            0.000000 

                      CCTOT_POB( T_POB7)        0.000000            0.000000 

                      CCTOT_POB( T_POB8)        2000000.            0.000000 

                      CCTOT_POB( T_POB9)        450000.0            0.000000 

                      OCTOT_POB( T_POB1)        3120.000            0.000000 

                      OCTOT_POB( T_POB2)        4200.000            0.000000 

                      OCTOT_POB( T_POB3)        0.000000            0.000000 

                      OCTOT_POB( T_POB4)        6000.000            0.000000 

                      OCTOT_POB( T_POB5)        246400.0            0.000000 

                      OCTOT_POB( T_POB6)        36000.00            0.000000 

                      OCTOT_POB( T_POB7)        0.000000            0.000000 

                      OCTOT_POB( T_POB8)        1000000.            0.000000 

                      OCTOT_POB( T_POB9)        336000.0            0.000000 

                      A_POM( M1, T_POM1)       -1.000000            0.000000 

                      A_POM( M1, T_POM2)        0.000000            0.000000 

                      A_POM( M1, T_POM3)        0.000000            0.000000 

                      A_POM( M1, T_POM4)        0.000000            0.000000 

                      A_POM( M1, T_POM5)        0.000000            0.000000 

                      A_POM( M1, T_POM6)        0.000000            0.000000 

                      A_POM( M1, T_POM7)        0.000000            0.000000 

                      A_POM( M1, T_POM8)        0.000000            0.000000 

                      A_POM( M1, T_POM9)        0.000000            0.000000 

                     A_POM( M1, T_POM10)        0.000000            0.000000 

                     A_POM( M1, T_POM11)        0.000000            0.000000 

                     A_POM( M1, T_POM12)        0.000000            0.000000 

                      A_POM( M2, T_POM1)        0.000000            0.000000 

                      A_POM( M2, T_POM2)        0.000000            0.000000 

                      A_POM( M2, T_POM3)        0.000000            0.000000 

                      A_POM( M2, T_POM4)        0.000000            0.000000 

                      A_POM( M2, T_POM5)        0.000000            0.000000 

                      A_POM( M2, T_POM6)        0.000000            0.000000 

                      A_POM( M2, T_POM7)        0.000000            0.000000 

                      A_POM( M2, T_POM8)        0.000000            0.000000 

                      A_POM( M2, T_POM9)      -0.6960000            0.000000 

                     A_POM( M2, T_POM10)        0.000000            0.000000 

                     A_POM( M2, T_POM11)        0.000000            0.000000 

                     A_POM( M2, T_POM12)        0.000000            0.000000 

                      A_POM( M3, T_POM1)       0.1700000            0.000000 

                      A_POM( M3, T_POM2)        0.000000            0.000000 

                      A_POM( M3, T_POM3)        0.000000            0.000000 

                      A_POM( M3, T_POM4)       0.1160000            0.000000 

                      A_POM( M3, T_POM5)        0.000000            0.000000 

                      A_POM( M3, T_POM6)        0.000000            0.000000 

                      A_POM( M3, T_POM7)        0.000000            0.000000 

                      A_POM( M3, T_POM8)        0.000000            0.000000 

                      A_POM( M3, T_POM9)        0.000000            0.000000 

                     A_POM( M3, T_POM10)        0.000000            0.000000 

                     A_POM( M3, T_POM11)       0.1380000            0.000000 
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                     A_POM( M3, T_POM12)        0.000000            0.000000 

                      A_POM( M4, T_POM1)       0.9000000            0.000000 

                      A_POM( M4, T_POM2)       -1.000000            0.000000 

                      A_POM( M4, T_POM3)        0.000000            0.000000 

                      A_POM( M4, T_POM4)        0.000000            0.000000 

                      A_POM( M4, T_POM5)        0.000000            0.000000 

                      A_POM( M4, T_POM6)        0.000000            0.000000 

                      A_POM( M4, T_POM7)        0.000000            0.000000 

                      A_POM( M4, T_POM8)        0.000000            0.000000 

                      A_POM( M4, T_POM9)        0.000000            0.000000 

                     A_POM( M4, T_POM10)        0.000000            0.000000 

                     A_POM( M4, T_POM11)        0.000000            0.000000 

                     A_POM( M4, T_POM12)        0.000000            0.000000 

                      A_POM( M5, T_POM1)        0.000000            0.000000 

                      A_POM( M5, T_POM2)       0.2400000            0.000000 

                      A_POM( M5, T_POM3)       -1.000000            0.000000 

                      A_POM( M5, T_POM4)        0.000000            0.000000 

                      A_POM( M5, T_POM5)        0.000000            0.000000 

                      A_POM( M5, T_POM6)        0.000000            0.000000 

                      A_POM( M5, T_POM7)        0.000000            0.000000 

                      A_POM( M5, T_POM8)        0.000000            0.000000 

                      A_POM( M5, T_POM9)        0.000000            0.000000 

                     A_POM( M5, T_POM10)        0.000000            0.000000 

                     A_POM( M5, T_POM11)        0.000000            0.000000 

                     A_POM( M5, T_POM12)        0.000000            0.000000 

                      A_POM( M6, T_POM1)        0.000000            0.000000 

                      A_POM( M6, T_POM2)       0.7600000            0.000000 

                      A_POM( M6, T_POM3)        0.000000            0.000000 

                      A_POM( M6, T_POM4)       -1.000000            0.000000 

                      A_POM( M6, T_POM5)        0.000000            0.000000 

                      A_POM( M6, T_POM6)        0.000000            0.000000 

                      A_POM( M6, T_POM7)        0.000000            0.000000 

                      A_POM( M6, T_POM8)        0.000000            0.000000 

                      A_POM( M6, T_POM9)        0.000000            0.000000 

                     A_POM( M6, T_POM10)        0.000000            0.000000 

                     A_POM( M6, T_POM11)        0.000000            0.000000 

                     A_POM( M6, T_POM12)        0.000000            0.000000 

                      A_POM( M7, T_POM1)        0.000000            0.000000 

                      A_POM( M7, T_POM2)        0.000000            0.000000 

                      A_POM( M7, T_POM3)        0.000000            0.000000 

                      A_POM( M7, T_POM4)        1.040000            0.000000 

                      A_POM( M7, T_POM5)       -1.000000            0.000000 

                      A_POM( M7, T_POM6)        0.000000            0.000000 

                      A_POM( M7, T_POM7)        0.000000            0.000000 

                      A_POM( M7, T_POM8)        0.000000            0.000000 

                      A_POM( M7, T_POM9)        0.000000            0.000000 

                     A_POM( M7, T_POM10)        0.000000            0.000000 

                     A_POM( M7, T_POM11)        0.000000            0.000000 

                     A_POM( M7, T_POM12)        0.000000            0.000000 

                      A_POM( M8, T_POM1)        0.000000            0.000000 

                      A_POM( M8, T_POM2)        0.000000            0.000000 

                      A_POM( M8, T_POM3)        0.000000            0.000000 

                      A_POM( M8, T_POM4)        0.000000            0.000000 

                      A_POM( M8, T_POM5)       0.6000000            0.000000 

                      A_POM( M8, T_POM6)        0.000000            0.000000 

                      A_POM( M8, T_POM7)        0.000000            0.000000 

                      A_POM( M8, T_POM8)        0.000000            0.000000 

                      A_POM( M8, T_POM9)       -1.000000            0.000000 

                     A_POM( M8, T_POM10)        0.000000            0.000000 

                     A_POM( M8, T_POM11)        0.000000            0.000000 

                     A_POM( M8, T_POM12)        0.000000            0.000000 

                      A_POM( M9, T_POM1)        0.000000            0.000000 

                      A_POM( M9, T_POM2)        0.000000            0.000000 

                      A_POM( M9, T_POM3)        0.000000            0.000000 

                      A_POM( M9, T_POM4)        0.000000            0.000000 

                      A_POM( M9, T_POM5)       0.4000000            0.000000 

                      A_POM( M9, T_POM6)       -1.000000            0.000000 

                      A_POM( M9, T_POM7)        0.000000            0.000000 
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                      A_POM( M9, T_POM8)        0.000000            0.000000 

                      A_POM( M9, T_POM9)        0.000000            0.000000 

                     A_POM( M9, T_POM10)        0.000000            0.000000 

                     A_POM( M9, T_POM11)        0.000000            0.000000 

                     A_POM( M9, T_POM12)        0.000000            0.000000 

                     A_POM( M10, T_POM1)        0.000000            0.000000 

                     A_POM( M10, T_POM2)        0.000000            0.000000 

                     A_POM( M10, T_POM3)        0.000000            0.000000 

                     A_POM( M10, T_POM4)        0.000000            0.000000 

                     A_POM( M10, T_POM5)        0.000000            0.000000 

                     A_POM( M10, T_POM6)       0.5900000            0.000000 

                     A_POM( M10, T_POM7)       -1.000000            0.000000 

                     A_POM( M10, T_POM8)        0.000000            0.000000 

                     A_POM( M10, T_POM9)        0.000000            0.000000 

                    A_POM( M10, T_POM10)        0.000000            0.000000 

                    A_POM( M10, T_POM11)        0.000000            0.000000 

                    A_POM( M10, T_POM12)        0.000000            0.000000 

                     A_POM( M11, T_POM1)        0.000000            0.000000 

                     A_POM( M11, T_POM2)        0.000000            0.000000 

                     A_POM( M11, T_POM3)        0.000000            0.000000 

                     A_POM( M11, T_POM4)        0.000000            0.000000 

                     A_POM( M11, T_POM5)        0.000000            0.000000 

                     A_POM( M11, T_POM6)        0.000000            0.000000 

                     A_POM( M11, T_POM7)       0.9900000            0.000000 

                     A_POM( M11, T_POM8)       -1.000000            0.000000 

                     A_POM( M11, T_POM9)        0.000000            0.000000 

                    A_POM( M11, T_POM10)        0.000000            0.000000 

                    A_POM( M11, T_POM11)        0.000000            0.000000 

                    A_POM( M11, T_POM12)        0.000000            0.000000 

                     A_POM( M12, T_POM1)        0.000000            0.000000 

                     A_POM( M12, T_POM2)        0.000000            0.000000 

                     A_POM( M12, T_POM3)        0.000000            0.000000 

                     A_POM( M12, T_POM4)        0.000000            0.000000 

                     A_POM( M12, T_POM5)        0.000000            0.000000 

                     A_POM( M12, T_POM6)        0.000000            0.000000 

                     A_POM( M12, T_POM7)       0.1000000E-01        0.000000 

                     A_POM( M12, T_POM8)        0.000000            0.000000 

                     A_POM( M12, T_POM9)        0.000000            0.000000 

                    A_POM( M12, T_POM10)        0.000000            0.000000 

                    A_POM( M12, T_POM11)        0.000000            0.000000 

                    A_POM( M12, T_POM12)        0.000000            0.000000 

                     A_POM( M13, T_POM1)        0.000000            0.000000 

                     A_POM( M13, T_POM2)        0.000000            0.000000 

                     A_POM( M13, T_POM3)        0.000000            0.000000 

                     A_POM( M13, T_POM4)        0.000000            0.000000 

                     A_POM( M13, T_POM5)        0.000000            0.000000 

                     A_POM( M13, T_POM6)        0.000000            0.000000 

                     A_POM( M13, T_POM7)        0.000000            0.000000 

                     A_POM( M13, T_POM8)        0.000000            0.000000 

                     A_POM( M13, T_POM9)        1.156000            0.000000 

                    A_POM( M13, T_POM10)        0.000000            0.000000 

                    A_POM( M13, T_POM11)        0.000000            0.000000 

                    A_POM( M13, T_POM12)       -1.000000            0.000000 

                     A_POM( M14, T_POM1)        0.000000            0.000000 

                     A_POM( M14, T_POM2)        0.000000            0.000000 

                     A_POM( M14, T_POM3)        0.000000            0.000000 

                     A_POM( M14, T_POM4)        0.000000            0.000000 

                     A_POM( M14, T_POM5)        0.000000            0.000000 

                     A_POM( M14, T_POM6)        0.000000            0.000000 

                     A_POM( M14, T_POM7)        0.000000            0.000000 

                     A_POM( M14, T_POM8)        0.000000            0.000000 

                     A_POM( M14, T_POM9)       0.5400000            0.000000 

                    A_POM( M14, T_POM10)        0.000000            0.000000 

                    A_POM( M14, T_POM11)       -1.000000            0.000000 

                    A_POM( M14, T_POM12)        0.000000            0.000000 

                     A_POM( M15, T_POM1)        0.000000            0.000000 

                     A_POM( M15, T_POM2)        0.000000            0.000000 

                     A_POM( M15, T_POM3)        0.000000            0.000000 
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                     A_POM( M15, T_POM4)        0.000000            0.000000 

                     A_POM( M15, T_POM5)        0.000000            0.000000 

                     A_POM( M15, T_POM6)        0.000000            0.000000 

                     A_POM( M15, T_POM7)        0.000000            0.000000 

                     A_POM( M15, T_POM8)        0.000000            0.000000 

                     A_POM( M15, T_POM9)        0.000000            0.000000 

                    A_POM( M15, T_POM10)       0.3600000            0.000000 

                    A_POM( M15, T_POM11)       0.8280000            0.000000 

                    A_POM( M15, T_POM12)        0.000000            0.000000 

                     A_POM( M16, T_POM1)        0.000000            0.000000 

                     A_POM( M16, T_POM2)        0.000000            0.000000 

                     A_POM( M16, T_POM3)        0.000000            0.000000 

                     A_POM( M16, T_POM4)        0.000000            0.000000 

                     A_POM( M16, T_POM5)        0.000000            0.000000 

                     A_POM( M16, T_POM6)        0.000000            0.000000 

                     A_POM( M16, T_POM7)        0.000000            0.000000 

                     A_POM( M16, T_POM8)       0.4530000            0.000000 

                     A_POM( M16, T_POM9)        0.000000            0.000000 

                    A_POM( M16, T_POM10)        0.000000            0.000000 

                    A_POM( M16, T_POM11)        0.000000            0.000000 

                    A_POM( M16, T_POM12)        0.000000            0.000000 

                     A_POM( M17, T_POM1)        0.000000            0.000000 

                     A_POM( M17, T_POM2)        0.000000            0.000000 

                     A_POM( M17, T_POM3)        0.000000            0.000000 

                     A_POM( M17, T_POM4)        0.000000            0.000000 

                     A_POM( M17, T_POM5)        0.000000            0.000000 

                     A_POM( M17, T_POM6)        0.000000            0.000000 

                     A_POM( M17, T_POM7)        0.000000            0.000000 

                     A_POM( M17, T_POM8)        0.000000            0.000000 

                     A_POM( M17, T_POM9)        0.000000            0.000000 

                    A_POM( M17, T_POM10)        0.000000            0.000000 

                    A_POM( M17, T_POM11)        0.000000            0.000000 

                    A_POM( M17, T_POM12)       0.1130000            0.000000 

                     A_POM( M18, T_POM1)        0.000000            0.000000 

                     A_POM( M18, T_POM2)        0.000000            0.000000 

                     A_POM( M18, T_POM3)        0.000000            0.000000 

                     A_POM( M18, T_POM4)        0.000000            0.000000 

                     A_POM( M18, T_POM5)        0.000000            0.000000 

                     A_POM( M18, T_POM6)       0.4100000            0.000000 

                     A_POM( M18, T_POM7)        0.000000            0.000000 

                     A_POM( M18, T_POM8)       0.1900000            0.000000 

                     A_POM( M18, T_POM9)        0.000000            0.000000 

                    A_POM( M18, T_POM10)        0.000000            0.000000 

                    A_POM( M18, T_POM11)        0.000000            0.000000 

                    A_POM( M18, T_POM12)        0.000000            0.000000 

                     A_POM( M19, T_POM1)      -0.3000000            0.000000 

                     A_POM( M19, T_POM2)        0.000000            0.000000 

                     A_POM( M19, T_POM3)        0.000000            0.000000 

                     A_POM( M19, T_POM4)      -0.1560000            0.000000 

                     A_POM( M19, T_POM5)        0.000000            0.000000 

                     A_POM( M19, T_POM6)        0.000000            0.000000 

                     A_POM( M19, T_POM7)        0.000000            0.000000 

                     A_POM( M19, T_POM8)        0.000000            0.000000 

                     A_POM( M19, T_POM9)        0.000000            0.000000 

                    A_POM( M19, T_POM10)        0.000000            0.000000 

                    A_POM( M19, T_POM11)        0.000000            0.000000 

                    A_POM( M19, T_POM12)        0.000000            0.000000 

                     A_POM( M20, T_POM1)        0.000000            0.000000 

                     A_POM( M20, T_POM2)        0.000000            0.000000 

                     A_POM( M20, T_POM3)        0.000000            0.000000 

                     A_POM( M20, T_POM4)        0.000000            0.000000 

                     A_POM( M20, T_POM5)        0.000000            0.000000 

                     A_POM( M20, T_POM6)        0.000000            0.000000 

                     A_POM( M20, T_POM7)        0.000000            0.000000 

                     A_POM( M20, T_POM8)       0.3570000            0.000000 

                     A_POM( M20, T_POM9)        0.000000            0.000000 

                    A_POM( M20, T_POM10)        0.000000            0.000000 

                    A_POM( M20, T_POM11)        0.000000            0.000000 
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                    A_POM( M20, T_POM12)        0.000000            0.000000 

                     A_POM( M21, T_POM1)        0.000000            0.000000 

                     A_POM( M21, T_POM2)        0.000000            0.000000 

                     A_POM( M21, T_POM3)       0.8680000            0.000000 

                     A_POM( M21, T_POM4)        0.000000            0.000000 

                     A_POM( M21, T_POM5)        0.000000            0.000000 

                     A_POM( M21, T_POM6)        0.000000            0.000000 

                     A_POM( M21, T_POM7)        0.000000            0.000000 

                     A_POM( M21, T_POM8)        0.000000            0.000000 

                     A_POM( M21, T_POM9)        0.000000            0.000000 

                    A_POM( M21, T_POM10)        0.000000            0.000000 

                    A_POM( M21, T_POM11)        0.000000            0.000000 

                    A_POM( M21, T_POM12)        0.000000            0.000000 

                     A_POM( M22, T_POM1)        0.000000            0.000000 

                     A_POM( M22, T_POM2)        0.000000            0.000000 

                     A_POM( M22, T_POM3)       0.1320000            0.000000 

                     A_POM( M22, T_POM4)        0.000000            0.000000 

                     A_POM( M22, T_POM5)        0.000000            0.000000 

                     A_POM( M22, T_POM6)        0.000000            0.000000 

                     A_POM( M22, T_POM7)        0.000000            0.000000 

                     A_POM( M22, T_POM8)        0.000000            0.000000 

                     A_POM( M22, T_POM9)        0.000000            0.000000 

                    A_POM( M22, T_POM10)       -1.000000            0.000000 

                    A_POM( M22, T_POM11)        0.000000            0.000000 

                    A_POM( M22, T_POM12)       0.2000000E-01        0.000000 

                     A_POM( M23, T_POM1)       0.2300000            0.000000 

                     A_POM( M23, T_POM2)        0.000000            0.000000 

                     A_POM( M23, T_POM3)        0.000000            0.000000 

                     A_POM( M23, T_POM4)        0.000000            0.000000 

                     A_POM( M23, T_POM5)        0.000000            0.000000 

                     A_POM( M23, T_POM6)        0.000000            0.000000 

                     A_POM( M23, T_POM7)        0.000000            0.000000 

                     A_POM( M23, T_POM8)        0.000000            0.000000 

                     A_POM( M23, T_POM9)        0.000000            0.000000 

                    A_POM( M23, T_POM10)       0.6400000            0.000000 

                    A_POM( M23, T_POM11)       0.3400000E-01        0.000000 

                    A_POM( M23, T_POM12)       0.8670000            0.000000 

                     A_POM( M24, T_POM1)        0.000000            0.000000 

                     A_POM( M24, T_POM2)        0.000000            0.000000 

                     A_POM( M24, T_POM3)        0.000000            0.000000 

                     A_POM( M24, T_POM4)        0.000000            0.000000 

                     A_POM( M24, T_POM5)        0.000000            0.000000 

                     A_POM( M24, T_POM6)        0.000000            0.000000 

                     A_POM( M24, T_POM7)        0.000000            0.000000 

                     A_POM( M24, T_POM8)        0.000000            0.000000 

                     A_POM( M24, T_POM9)        0.000000            0.000000 

                    A_POM( M24, T_POM10)        0.000000            0.000000 

                    A_POM( M24, T_POM11)        0.000000            0.000000 

                    A_POM( M24, T_POM12)        0.000000            0.000000 

                     A_POM( M25, T_POM1)        0.000000            0.000000 

                     A_POM( M25, T_POM2)        0.000000            0.000000 

                     A_POM( M25, T_POM3)        0.000000            0.000000 

                     A_POM( M25, T_POM4)        0.000000            0.000000 

                     A_POM( M25, T_POM5)        0.000000            0.000000 

                     A_POM( M25, T_POM6)        0.000000            0.000000 

                     A_POM( M25, T_POM7)        0.000000            0.000000 

                     A_POM( M25, T_POM8)        0.000000            0.000000 

                     A_POM( M25, T_POM9)        0.000000            0.000000 

                    A_POM( M25, T_POM10)        0.000000            0.000000 

                    A_POM( M25, T_POM11)        0.000000            0.000000 

                    A_POM( M25, T_POM12)        0.000000            0.000000 

                     A_POM( M26, T_POM1)        0.000000            0.000000 

                     A_POM( M26, T_POM2)        0.000000            0.000000 

                     A_POM( M26, T_POM3)        0.000000            0.000000 

                     A_POM( M26, T_POM4)        0.000000            0.000000 

                     A_POM( M26, T_POM5)        0.000000            0.000000 

                     A_POM( M26, T_POM6)        0.000000            0.000000 

                     A_POM( M26, T_POM7)        0.000000            0.000000 
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                     A_POM( M26, T_POM8)        0.000000            0.000000 

                     A_POM( M26, T_POM9)        0.000000            0.000000 

                    A_POM( M26, T_POM10)        0.000000            0.000000 

                    A_POM( M26, T_POM11)        0.000000            0.000000 

                    A_POM( M26, T_POM12)        0.000000            0.000000 

                     A_POM( M27, T_POM1)        0.000000            0.000000 

                     A_POM( M27, T_POM2)        0.000000            0.000000 

                     A_POM( M27, T_POM3)        0.000000            0.000000 

                     A_POM( M27, T_POM4)        0.000000            0.000000 

                     A_POM( M27, T_POM5)        0.000000            0.000000 

                     A_POM( M27, T_POM6)        0.000000            0.000000 

                     A_POM( M27, T_POM7)        0.000000            0.000000 

                     A_POM( M27, T_POM8)        0.000000            0.000000 

                     A_POM( M27, T_POM9)        0.000000            0.000000 

                    A_POM( M27, T_POM10)        0.000000            0.000000 

                    A_POM( M27, T_POM11)        0.000000            0.000000 

                    A_POM( M27, T_POM12)        0.000000            0.000000 

                     A_POM( M28, T_POM1)        0.000000            0.000000 

                     A_POM( M28, T_POM2)        0.000000            0.000000 

                     A_POM( M28, T_POM3)        0.000000            0.000000 

                     A_POM( M28, T_POM4)        0.000000            0.000000 

                     A_POM( M28, T_POM5)        0.000000            0.000000 

                     A_POM( M28, T_POM6)        0.000000            0.000000 

                     A_POM( M28, T_POM7)        0.000000            0.000000 

                     A_POM( M28, T_POM8)        0.000000            0.000000 

                     A_POM( M28, T_POM9)        0.000000            0.000000 

                    A_POM( M28, T_POM10)        0.000000            0.000000 

                    A_POM( M28, T_POM11)        0.000000            0.000000 

                    A_POM( M28, T_POM12)        0.000000            0.000000 

                     A_POM( M29, T_POM1)        0.000000            0.000000 

                     A_POM( M29, T_POM2)        0.000000            0.000000 

                     A_POM( M29, T_POM3)        0.000000            0.000000 

                     A_POM( M29, T_POM4)        0.000000            0.000000 

                     A_POM( M29, T_POM5)        0.000000            0.000000 

                     A_POM( M29, T_POM6)        0.000000            0.000000 

                     A_POM( M29, T_POM7)        0.000000            0.000000 

                     A_POM( M29, T_POM8)        0.000000            0.000000 

                     A_POM( M29, T_POM9)        0.000000            0.000000 

                    A_POM( M29, T_POM10)        0.000000            0.000000 

                    A_POM( M29, T_POM11)        0.000000            0.000000 

                    A_POM( M29, T_POM12)        0.000000            0.000000 

                     A_POM( M30, T_POM1)        0.000000            0.000000 

                     A_POM( M30, T_POM2)        0.000000            0.000000 

                     A_POM( M30, T_POM3)        0.000000            0.000000 

                     A_POM( M30, T_POM4)        0.000000            0.000000 

                     A_POM( M30, T_POM5)        0.000000            0.000000 

                     A_POM( M30, T_POM6)        0.000000            0.000000 

                     A_POM( M30, T_POM7)        0.000000            0.000000 

                     A_POM( M30, T_POM8)        0.000000            0.000000 

                     A_POM( M30, T_POM9)        0.000000            0.000000 

                    A_POM( M30, T_POM10)        0.000000            0.000000 

                    A_POM( M30, T_POM11)        0.000000            0.000000 

                    A_POM( M30, T_POM12)        0.000000            0.000000 

                     A_POM( M31, T_POM1)        0.000000            0.000000 

                     A_POM( M31, T_POM2)        0.000000            0.000000 

                     A_POM( M31, T_POM3)        0.000000            0.000000 

                     A_POM( M31, T_POM4)        0.000000            0.000000 

                     A_POM( M31, T_POM5)        0.000000            0.000000 

                     A_POM( M31, T_POM6)        0.000000            0.000000 

                     A_POM( M31, T_POM7)        0.000000            0.000000 

                     A_POM( M31, T_POM8)        0.000000            0.000000 

                     A_POM( M31, T_POM9)        0.000000            0.000000 

                    A_POM( M31, T_POM10)        0.000000            0.000000 

                    A_POM( M31, T_POM11)        0.000000            0.000000 

                    A_POM( M31, T_POM12)        0.000000            0.000000 

                     A_POM( M32, T_POM1)        0.000000            0.000000 

                     A_POM( M32, T_POM2)        0.000000            0.000000 

                     A_POM( M32, T_POM3)        0.000000            0.000000 
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                     A_POM( M32, T_POM4)        0.000000            0.000000 

                     A_POM( M32, T_POM5)        0.000000            0.000000 

                     A_POM( M32, T_POM6)        0.000000            0.000000 

                     A_POM( M32, T_POM7)        0.000000            0.000000 

                     A_POM( M32, T_POM8)        0.000000            0.000000 

                     A_POM( M32, T_POM9)        0.000000            0.000000 

                    A_POM( M32, T_POM10)        0.000000            0.000000 

                    A_POM( M32, T_POM11)        0.000000            0.000000 

                    A_POM( M32, T_POM12)        0.000000            0.000000 

                     A_POM( M33, T_POM1)        0.000000            0.000000 

                     A_POM( M33, T_POM2)        0.000000            0.000000 

                     A_POM( M33, T_POM3)        0.000000            0.000000 

                     A_POM( M33, T_POM4)        0.000000            0.000000 

                     A_POM( M33, T_POM5)        0.000000            0.000000 

                     A_POM( M33, T_POM6)        0.000000            0.000000 

                     A_POM( M33, T_POM7)        0.000000            0.000000 

                     A_POM( M33, T_POM8)        0.000000            0.000000 

                     A_POM( M33, T_POM9)        0.000000            0.000000 

                    A_POM( M33, T_POM10)        0.000000            0.000000 

                    A_POM( M33, T_POM11)        0.000000            0.000000 

                    A_POM( M33, T_POM12)        0.000000            0.000000 

                     A_POM( M34, T_POM1)        0.000000            0.000000 

                     A_POM( M34, T_POM2)        0.000000            0.000000 

                     A_POM( M34, T_POM3)        0.000000            0.000000 

                     A_POM( M34, T_POM4)        0.000000            0.000000 

                     A_POM( M34, T_POM5)        0.000000            0.000000 

                     A_POM( M34, T_POM6)        0.000000            0.000000 

                     A_POM( M34, T_POM7)        0.000000            0.000000 

                     A_POM( M34, T_POM8)        0.000000            0.000000 

                     A_POM( M34, T_POM9)        0.000000            0.000000 

                    A_POM( M34, T_POM10)        0.000000            0.000000 

                    A_POM( M34, T_POM11)        0.000000            0.000000 

                    A_POM( M34, T_POM12)        0.000000            0.000000 

                     A_POM( M35, T_POM1)        0.000000            0.000000 

                     A_POM( M35, T_POM2)        0.000000            0.000000 

                     A_POM( M35, T_POM3)        0.000000            0.000000 

                     A_POM( M35, T_POM4)        0.000000            0.000000 

                     A_POM( M35, T_POM5)        0.000000            0.000000 

                     A_POM( M35, T_POM6)        0.000000            0.000000 

                     A_POM( M35, T_POM7)        0.000000            0.000000 

                     A_POM( M35, T_POM8)        0.000000            0.000000 

                     A_POM( M35, T_POM9)        0.000000            0.000000 

                    A_POM( M35, T_POM10)        0.000000            0.000000 

                    A_POM( M35, T_POM11)        0.000000            0.000000 

                    A_POM( M35, T_POM12)        0.000000            0.000000 

                     A_POM( M36, T_POM1)        0.000000            0.000000 

                     A_POM( M36, T_POM2)        0.000000            0.000000 

                     A_POM( M36, T_POM3)        0.000000            0.000000 

                     A_POM( M36, T_POM4)        0.000000            0.000000 

                     A_POM( M36, T_POM5)        0.000000            0.000000 

                     A_POM( M36, T_POM6)        0.000000            0.000000 

                     A_POM( M36, T_POM7)        0.000000            0.000000 

                     A_POM( M36, T_POM8)        0.000000            0.000000 

                     A_POM( M36, T_POM9)        0.000000            0.000000 

                    A_POM( M36, T_POM10)        0.000000            0.000000 

                    A_POM( M36, T_POM11)        0.000000            0.000000 

                    A_POM( M36, T_POM12)        0.000000            0.000000 

                     A_POM( M37, T_POM1)        0.000000            0.000000 

                     A_POM( M37, T_POM2)        0.000000            0.000000 

                     A_POM( M37, T_POM3)        0.000000            0.000000 

                     A_POM( M37, T_POM4)        0.000000            0.000000 

                     A_POM( M37, T_POM5)        0.000000            0.000000 

                     A_POM( M37, T_POM6)        0.000000            0.000000 

                     A_POM( M37, T_POM7)        0.000000            0.000000 

                     A_POM( M37, T_POM8)        0.000000            0.000000 

                     A_POM( M37, T_POM9)        0.000000            0.000000 

                    A_POM( M37, T_POM10)        0.000000            0.000000 

                    A_POM( M37, T_POM11)        0.000000            0.000000 



Appendices 

ccx 

                    A_POM( M37, T_POM12)        0.000000            0.000000 

                     A_POM( M38, T_POM1)        0.000000            0.000000 

                     A_POM( M38, T_POM2)        0.000000            0.000000 

                     A_POM( M38, T_POM3)        0.000000            0.000000 

                     A_POM( M38, T_POM4)        0.000000            0.000000 

                     A_POM( M38, T_POM5)        0.000000            0.000000 

                     A_POM( M38, T_POM6)        0.000000            0.000000 

                     A_POM( M38, T_POM7)        0.000000            0.000000 

                     A_POM( M38, T_POM8)        0.000000            0.000000 

                     A_POM( M38, T_POM9)        0.000000            0.000000 

                    A_POM( M38, T_POM10)        0.000000            0.000000 

                    A_POM( M38, T_POM11)        0.000000            0.000000 

                    A_POM( M38, T_POM12)        0.000000            0.000000 

                     A_POM( M39, T_POM1)        0.000000            0.000000 

                     A_POM( M39, T_POM2)        0.000000            0.000000 

                     A_POM( M39, T_POM3)        0.000000            0.000000 

                     A_POM( M39, T_POM4)        0.000000            0.000000 

                     A_POM( M39, T_POM5)        0.000000            0.000000 

                     A_POM( M39, T_POM6)        0.000000            0.000000 

                     A_POM( M39, T_POM7)        0.000000            0.000000 

                     A_POM( M39, T_POM8)        0.000000            0.000000 

                     A_POM( M39, T_POM9)        0.000000            0.000000 

                    A_POM( M39, T_POM10)        0.000000            0.000000 

                    A_POM( M39, T_POM11)        0.000000            0.000000 

                    A_POM( M39, T_POM12)        0.000000            0.000000 

                     A_POM( M40, T_POM1)        0.000000            0.000000 

                     A_POM( M40, T_POM2)        0.000000            0.000000 

                     A_POM( M40, T_POM3)        0.000000            0.000000 

                     A_POM( M40, T_POM4)        0.000000            0.000000 

                     A_POM( M40, T_POM5)        0.000000            0.000000 

                     A_POM( M40, T_POM6)        0.000000            0.000000 

                     A_POM( M40, T_POM7)        0.000000            0.000000 

                     A_POM( M40, T_POM8)        0.000000            0.000000 

                     A_POM( M40, T_POM9)        0.000000            0.000000 

                    A_POM( M40, T_POM10)        0.000000            0.000000 

                    A_POM( M40, T_POM11)        0.000000            0.000000 

                    A_POM( M40, T_POM12)        0.000000            0.000000 

                     A_POM( M41, T_POM1)        0.000000            0.000000 

                     A_POM( M41, T_POM2)        0.000000            0.000000 

                     A_POM( M41, T_POM3)        0.000000            0.000000 

                     A_POM( M41, T_POM4)        0.000000            0.000000 

                     A_POM( M41, T_POM5)        0.000000            0.000000 

                     A_POM( M41, T_POM6)        0.000000            0.000000 

                     A_POM( M41, T_POM7)        0.000000            0.000000 

                     A_POM( M41, T_POM8)        0.000000            0.000000 

                     A_POM( M41, T_POM9)        0.000000            0.000000 

                    A_POM( M41, T_POM10)        0.000000            0.000000 

                    A_POM( M41, T_POM11)        0.000000            0.000000 

                    A_POM( M41, T_POM12)        0.000000            0.000000 

                     A_POM( M42, T_POM1)        0.000000            0.000000 

                     A_POM( M42, T_POM2)        0.000000            0.000000 

                     A_POM( M42, T_POM3)        0.000000            0.000000 

                     A_POM( M42, T_POM4)        0.000000            0.000000 

                     A_POM( M42, T_POM5)        0.000000            0.000000 

                     A_POM( M42, T_POM6)        0.000000            0.000000 

                     A_POM( M42, T_POM7)        0.000000            0.000000 

                     A_POM( M42, T_POM8)        0.000000            0.000000 

                     A_POM( M42, T_POM9)        0.000000            0.000000 

                    A_POM( M42, T_POM10)        0.000000            0.000000 

                    A_POM( M42, T_POM11)        0.000000            0.000000 

                    A_POM( M42, T_POM12)        0.000000            0.000000 

                     A_POM( M43, T_POM1)        0.000000            0.000000 

                     A_POM( M43, T_POM2)        0.000000            0.000000 

                     A_POM( M43, T_POM3)        0.000000            0.000000 

                     A_POM( M43, T_POM4)        0.000000            0.000000 

                     A_POM( M43, T_POM5)        0.000000            0.000000 

                     A_POM( M43, T_POM6)        0.000000            0.000000 

                     A_POM( M43, T_POM7)        0.000000            0.000000 
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                     A_POM( M43, T_POM8)        0.000000            0.000000 

                     A_POM( M43, T_POM9)        0.000000            0.000000 

                    A_POM( M43, T_POM10)        0.000000            0.000000 

                    A_POM( M43, T_POM11)        0.000000            0.000000 

                    A_POM( M43, T_POM12)        0.000000            0.000000 

                     A_POM( M44, T_POM1)        0.000000            0.000000 

                     A_POM( M44, T_POM2)        0.000000            0.000000 

                     A_POM( M44, T_POM3)        0.000000            0.000000 

                     A_POM( M44, T_POM4)        0.000000            0.000000 

                     A_POM( M44, T_POM5)        0.000000            0.000000 

                     A_POM( M44, T_POM6)        0.000000            0.000000 

                     A_POM( M44, T_POM7)        0.000000            0.000000 

                     A_POM( M44, T_POM8)        0.000000            0.000000 

                     A_POM( M44, T_POM9)        0.000000            0.000000 

                    A_POM( M44, T_POM10)        0.000000            0.000000 

                    A_POM( M44, T_POM11)        0.000000            0.000000 

                    A_POM( M44, T_POM12)        0.000000            0.000000 

                     A_POM( M45, T_POM1)        0.000000            0.000000 

                     A_POM( M45, T_POM2)        0.000000            0.000000 

                     A_POM( M45, T_POM3)        0.000000            0.000000 

                     A_POM( M45, T_POM4)        0.000000            0.000000 

                     A_POM( M45, T_POM5)        0.000000            0.000000 

                     A_POM( M45, T_POM6)        0.000000            0.000000 

                     A_POM( M45, T_POM7)        0.000000            0.000000 

                     A_POM( M45, T_POM8)        0.000000            0.000000 

                     A_POM( M45, T_POM9)        0.000000            0.000000 

                    A_POM( M45, T_POM10)        0.000000            0.000000 

                    A_POM( M45, T_POM11)        0.000000            0.000000 

                    A_POM( M45, T_POM12)        0.000000            0.000000 

                     A_POM( M46, T_POM1)        0.000000            0.000000 

                     A_POM( M46, T_POM2)        0.000000            0.000000 

                     A_POM( M46, T_POM3)        0.000000            0.000000 

                     A_POM( M46, T_POM4)        0.000000            0.000000 

                     A_POM( M46, T_POM5)        0.000000            0.000000 

                     A_POM( M46, T_POM6)        0.000000            0.000000 

                     A_POM( M46, T_POM7)        0.000000            0.000000 

                     A_POM( M46, T_POM8)        0.000000            0.000000 

                     A_POM( M46, T_POM9)        0.000000            0.000000 

                    A_POM( M46, T_POM10)        0.000000            0.000000 

                    A_POM( M46, T_POM11)        0.000000            0.000000 

                    A_POM( M46, T_POM12)        0.000000            0.000000 

                     A_POM( M47, T_POM1)        0.000000            0.000000 

                     A_POM( M47, T_POM2)        0.000000            0.000000 

                     A_POM( M47, T_POM3)        0.000000            0.000000 

                     A_POM( M47, T_POM4)        0.000000            0.000000 

                     A_POM( M47, T_POM5)        0.000000            0.000000 

                     A_POM( M47, T_POM6)        0.000000            0.000000 

                     A_POM( M47, T_POM7)        0.000000            0.000000 

                     A_POM( M47, T_POM8)        0.000000            0.000000 

                     A_POM( M47, T_POM9)        0.000000            0.000000 

                    A_POM( M47, T_POM10)        0.000000            0.000000 

                    A_POM( M47, T_POM11)        0.000000            0.000000 

                    A_POM( M47, T_POM12)        0.000000            0.000000 

                     A_POM( M48, T_POM1)        0.000000            0.000000 

                     A_POM( M48, T_POM2)        0.000000            0.000000 

                     A_POM( M48, T_POM3)        0.000000            0.000000 

                     A_POM( M48, T_POM4)        0.000000            0.000000 

                     A_POM( M48, T_POM5)        0.000000            0.000000 

                     A_POM( M48, T_POM6)        0.000000            0.000000 

                     A_POM( M48, T_POM7)        0.000000            0.000000 

                     A_POM( M48, T_POM8)        0.000000            0.000000 

                     A_POM( M48, T_POM9)        0.000000            0.000000 

                    A_POM( M48, T_POM10)        0.000000            0.000000 

                    A_POM( M48, T_POM11)        0.000000            0.000000 

                    A_POM( M48, T_POM12)        0.000000            0.000000 

                     A_POM( M49, T_POM1)        0.000000            0.000000 

                     A_POM( M49, T_POM2)        0.000000            0.000000 

                     A_POM( M49, T_POM3)        0.000000            0.000000 
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                     A_POM( M49, T_POM4)        0.000000            0.000000 

                     A_POM( M49, T_POM5)        0.000000            0.000000 

                     A_POM( M49, T_POM6)        0.000000            0.000000 

                     A_POM( M49, T_POM7)        0.000000            0.000000 

                     A_POM( M49, T_POM8)        0.000000            0.000000 

                     A_POM( M49, T_POM9)        0.000000            0.000000 

                    A_POM( M49, T_POM10)        0.000000            0.000000 

                    A_POM( M49, T_POM11)        0.000000            0.000000 

                    A_POM( M49, T_POM12)        0.000000            0.000000 

                      A_CHP( M1, T_CHP1)        0.000000            0.000000 

                      A_CHP( M1, T_CHP2)        0.000000            0.000000 

                      A_CHP( M1, T_CHP3)        0.000000            0.000000 

                      A_CHP( M1, T_CHP4)        0.000000            0.000000 

                      A_CHP( M1, T_CHP5)        0.000000            0.000000 

                      A_CHP( M1, T_CHP6)        0.000000            0.000000 

                      A_CHP( M2, T_CHP1)        0.000000            0.000000 

                      A_CHP( M2, T_CHP2)        0.000000            0.000000 

                      A_CHP( M2, T_CHP3)        0.000000            0.000000 

                      A_CHP( M2, T_CHP4)        0.000000            0.000000 

                      A_CHP( M2, T_CHP5)        0.000000            0.000000 

                      A_CHP( M2, T_CHP6)        0.000000            0.000000 

                      A_CHP( M3, T_CHP1)        0.000000            0.000000 

                      A_CHP( M3, T_CHP2)        0.000000            0.000000 

                      A_CHP( M3, T_CHP3)        0.000000            0.000000 

                      A_CHP( M3, T_CHP4)        0.000000            0.000000 

                      A_CHP( M3, T_CHP5)        0.000000            0.000000 

                      A_CHP( M3, T_CHP6)        0.000000            0.000000 

                      A_CHP( M4, T_CHP1)        0.000000            0.000000 

                      A_CHP( M4, T_CHP2)        0.000000            0.000000 

                      A_CHP( M4, T_CHP3)        0.000000            0.000000 

                      A_CHP( M4, T_CHP4)        0.000000            0.000000 

                      A_CHP( M4, T_CHP5)        0.000000            0.000000 

                      A_CHP( M4, T_CHP6)        0.000000            0.000000 

                      A_CHP( M5, T_CHP1)        0.000000            0.000000 

                      A_CHP( M5, T_CHP2)        0.000000            0.000000 

                      A_CHP( M5, T_CHP3)        0.000000            0.000000 

                      A_CHP( M5, T_CHP4)        0.000000            0.000000 

                      A_CHP( M5, T_CHP5)        0.000000            0.000000 

                      A_CHP( M5, T_CHP6)        0.000000            0.000000 

                      A_CHP( M6, T_CHP1)        0.000000            0.000000 

                      A_CHP( M6, T_CHP2)        0.000000            0.000000 

                      A_CHP( M6, T_CHP3)        0.000000            0.000000 

                      A_CHP( M6, T_CHP4)        0.000000            0.000000 

                      A_CHP( M6, T_CHP5)        0.000000            0.000000 

                      A_CHP( M6, T_CHP6)        0.000000            0.000000 

                      A_CHP( M7, T_CHP1)        0.000000            0.000000 

                      A_CHP( M7, T_CHP2)        0.000000            0.000000 

                      A_CHP( M7, T_CHP3)        0.000000            0.000000 

                      A_CHP( M7, T_CHP4)        0.000000            0.000000 

                      A_CHP( M7, T_CHP5)        0.000000            0.000000 

                      A_CHP( M7, T_CHP6)        0.000000            0.000000 

                      A_CHP( M8, T_CHP1)        0.000000            0.000000 

                      A_CHP( M8, T_CHP2)        0.000000            0.000000 

                      A_CHP( M8, T_CHP3)        0.000000            0.000000 

                      A_CHP( M8, T_CHP4)        0.000000            0.000000 

                      A_CHP( M8, T_CHP5)        0.000000            0.000000 

                      A_CHP( M8, T_CHP6)        0.000000            0.000000 

                      A_CHP( M9, T_CHP1)        0.000000            0.000000 

                      A_CHP( M9, T_CHP2)        0.000000            0.000000 

                      A_CHP( M9, T_CHP3)        0.000000            0.000000 

                      A_CHP( M9, T_CHP4)        0.000000            0.000000 

                      A_CHP( M9, T_CHP5)        0.000000            0.000000 

                      A_CHP( M9, T_CHP6)        0.000000            0.000000 

                     A_CHP( M10, T_CHP1)        0.000000            0.000000 

                     A_CHP( M10, T_CHP2)        0.000000            0.000000 

                     A_CHP( M10, T_CHP3)        0.000000            0.000000 

                     A_CHP( M10, T_CHP4)        0.000000            0.000000 

                     A_CHP( M10, T_CHP5)        0.000000            0.000000 
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                     A_CHP( M10, T_CHP6)        0.000000            0.000000 

                     A_CHP( M11, T_CHP1)        0.000000            0.000000 

                     A_CHP( M11, T_CHP2)        0.000000            0.000000 

                     A_CHP( M11, T_CHP3)        0.000000            0.000000 

                     A_CHP( M11, T_CHP4)        0.000000            0.000000 

                     A_CHP( M11, T_CHP5)        0.000000            0.000000 

                     A_CHP( M11, T_CHP6)        0.000000            0.000000 

                     A_CHP( M12, T_CHP1)        0.000000            0.000000 

                     A_CHP( M12, T_CHP2)        0.000000            0.000000 

                     A_CHP( M12, T_CHP3)        0.000000            0.000000 

                     A_CHP( M12, T_CHP4)        0.000000            0.000000 

                     A_CHP( M12, T_CHP5)        0.000000            0.000000 

                     A_CHP( M12, T_CHP6)        0.000000            0.000000 

                     A_CHP( M13, T_CHP1)        0.000000            0.000000 

                     A_CHP( M13, T_CHP2)        0.000000            0.000000 

                     A_CHP( M13, T_CHP3)        0.000000            0.000000 

                     A_CHP( M13, T_CHP4)        0.000000            0.000000 

                     A_CHP( M13, T_CHP5)        0.000000            0.000000 

                     A_CHP( M13, T_CHP6)        0.000000            0.000000 

                     A_CHP( M14, T_CHP1)        0.000000            0.000000 

                     A_CHP( M14, T_CHP2)        0.000000            0.000000 

                     A_CHP( M14, T_CHP3)        0.000000            0.000000 

                     A_CHP( M14, T_CHP4)        0.000000            0.000000 

                     A_CHP( M14, T_CHP5)        0.000000            0.000000 

                     A_CHP( M14, T_CHP6)        0.000000            0.000000 

                     A_CHP( M15, T_CHP1)        0.000000            0.000000 

                     A_CHP( M15, T_CHP2)        0.000000            0.000000 

                     A_CHP( M15, T_CHP3)        0.000000            0.000000 

                     A_CHP( M15, T_CHP4)        0.000000            0.000000 

                     A_CHP( M15, T_CHP5)        0.000000            0.000000 

                     A_CHP( M15, T_CHP6)        0.000000            0.000000 

                     A_CHP( M16, T_CHP1)        0.000000            0.000000 

                     A_CHP( M16, T_CHP2)        0.000000            0.000000 

                     A_CHP( M16, T_CHP3)        0.000000            0.000000 

                     A_CHP( M16, T_CHP4)        0.000000            0.000000 

                     A_CHP( M16, T_CHP5)        0.000000            0.000000 

                     A_CHP( M16, T_CHP6)        0.000000            0.000000 

                     A_CHP( M17, T_CHP1)        0.000000            0.000000 

                     A_CHP( M17, T_CHP2)        0.000000            0.000000 

                     A_CHP( M17, T_CHP3)        0.000000            0.000000 

                     A_CHP( M17, T_CHP4)        0.000000            0.000000 

                     A_CHP( M17, T_CHP5)        0.000000            0.000000 

                     A_CHP( M17, T_CHP6)        0.000000            0.000000 

                     A_CHP( M18, T_CHP1)       -1.000000            0.000000 

                     A_CHP( M18, T_CHP2)        0.000000            0.000000 

                     A_CHP( M18, T_CHP3)        0.000000            0.000000 

                     A_CHP( M18, T_CHP4)        0.000000            0.000000 

                     A_CHP( M18, T_CHP5)        0.000000            0.000000 

                     A_CHP( M18, T_CHP6)        0.000000            0.000000 

                     A_CHP( M19, T_CHP1)        0.000000            0.000000 

                     A_CHP( M19, T_CHP2)        0.000000            0.000000 

                     A_CHP( M19, T_CHP3)        0.000000            0.000000 

                     A_CHP( M19, T_CHP4)        0.000000            0.000000 

                     A_CHP( M19, T_CHP5)       0.3160000E-01        0.000000 

                     A_CHP( M19, T_CHP6)        0.000000            0.000000 

                     A_CHP( M20, T_CHP1)        0.000000            0.000000 

                     A_CHP( M20, T_CHP2)       -1.000000            0.000000 

                     A_CHP( M20, T_CHP3)        0.000000            0.000000 

                     A_CHP( M20, T_CHP4)        0.000000            0.000000 

                     A_CHP( M20, T_CHP5)        0.000000            0.000000 

                     A_CHP( M20, T_CHP6)        0.000000            0.000000 

                     A_CHP( M21, T_CHP1)        0.000000            0.000000 

                     A_CHP( M21, T_CHP2)        0.000000            0.000000 

                     A_CHP( M21, T_CHP3)        0.000000            0.000000 

                     A_CHP( M21, T_CHP4)        0.000000            0.000000 

                     A_CHP( M21, T_CHP5)        0.000000            0.000000 

                     A_CHP( M21, T_CHP6)        0.000000            0.000000 

                     A_CHP( M22, T_CHP1)        0.000000            0.000000 
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                     A_CHP( M22, T_CHP2)        0.000000            0.000000 

                     A_CHP( M22, T_CHP3)        0.000000            0.000000 

                     A_CHP( M22, T_CHP4)        0.000000            0.000000 

                     A_CHP( M22, T_CHP5)        0.000000            0.000000 

                     A_CHP( M22, T_CHP6)        0.000000            0.000000 

                     A_CHP( M23, T_CHP1)        0.000000            0.000000 

                     A_CHP( M23, T_CHP2)        0.000000            0.000000 

                     A_CHP( M23, T_CHP3)        0.000000            0.000000 

                     A_CHP( M23, T_CHP4)        0.000000            0.000000 

                     A_CHP( M23, T_CHP5)        0.000000            0.000000 

                     A_CHP( M23, T_CHP6)        0.000000            0.000000 

                     A_CHP( M24, T_CHP1)        0.000000            0.000000 

                     A_CHP( M24, T_CHP2)        0.000000            0.000000 

                     A_CHP( M24, T_CHP3)        0.000000            0.000000 

                     A_CHP( M24, T_CHP4)        0.000000            0.000000 

                     A_CHP( M24, T_CHP5)        0.000000            0.000000 

                     A_CHP( M24, T_CHP6)        0.000000            0.000000 

                     A_CHP( M25, T_CHP1)        0.000000            0.000000 

                     A_CHP( M25, T_CHP2)        0.000000            0.000000 

                     A_CHP( M25, T_CHP3)        0.000000            0.000000 

                     A_CHP( M25, T_CHP4)        0.000000            0.000000 

                     A_CHP( M25, T_CHP5)        0.000000            0.000000 

                     A_CHP( M25, T_CHP6)       -1.000000            0.000000 

                     A_CHP( M26, T_CHP1)        0.000000            0.000000 

                     A_CHP( M26, T_CHP2)        0.000000            0.000000 

                     A_CHP( M26, T_CHP3)        0.000000            0.000000 

                     A_CHP( M26, T_CHP4)        1.000000            0.000000 

                     A_CHP( M26, T_CHP5)        1.000000            0.000000 

                     A_CHP( M26, T_CHP6)        0.000000            0.000000 

                     A_CHP( M27, T_CHP1)        13388.00            0.000000 

                     A_CHP( M27, T_CHP2)        17804.00            0.000000 

                     A_CHP( M27, T_CHP3)       -5151.800            0.000000 

                     A_CHP( M27, T_CHP4)        0.000000            0.000000 

                     A_CHP( M27, T_CHP5)        0.000000            0.000000 

                     A_CHP( M27, T_CHP6)        0.000000            0.000000 

                     A_CHP( M28, T_CHP1)        0.000000            0.000000 

                     A_CHP( M28, T_CHP2)        0.000000            0.000000 

                     A_CHP( M28, T_CHP3)        1.000000            0.000000 

                     A_CHP( M28, T_CHP4)      -0.7350000E-01        0.000000 

                     A_CHP( M28, T_CHP5)        0.000000            0.000000 

                     A_CHP( M28, T_CHP6)        0.000000            0.000000 

                     A_CHP( M29, T_CHP1)        0.000000            0.000000 

                     A_CHP( M29, T_CHP2)        0.000000            0.000000 

                     A_CHP( M29, T_CHP3)       -1.000000            0.000000 

                     A_CHP( M29, T_CHP4)        0.000000            0.000000 

                     A_CHP( M29, T_CHP5)        0.000000            0.000000 

                     A_CHP( M29, T_CHP6)      -0.5440000E-01        0.000000 

                     A_CHP( M30, T_CHP1)       0.4230000E-01        0.000000 

                     A_CHP( M30, T_CHP2)       0.3900000E-01        0.000000 

                     A_CHP( M30, T_CHP3)        0.000000            0.000000 

                     A_CHP( M30, T_CHP4)        0.000000            0.000000 

                     A_CHP( M30, T_CHP5)        0.000000            0.000000 

                     A_CHP( M30, T_CHP6)        0.000000            0.000000 

                     A_CHP( M31, T_CHP1)        0.000000            0.000000 

                     A_CHP( M31, T_CHP2)        0.000000            0.000000 

                     A_CHP( M31, T_CHP3)        0.000000            0.000000 

                     A_CHP( M31, T_CHP4)       0.7350000E-01        0.000000 

                     A_CHP( M31, T_CHP5)      -0.3160000E-01        0.000000 

                     A_CHP( M31, T_CHP6)       0.5440000E-01        0.000000 

                     A_CHP( M32, T_CHP1)        1.200000            0.000000 

                     A_CHP( M32, T_CHP2)        2.190000            0.000000 

                     A_CHP( M32, T_CHP3)        0.000000            0.000000 

                     A_CHP( M32, T_CHP4)        0.000000            0.000000 

                     A_CHP( M32, T_CHP5)        0.000000            0.000000 

                     A_CHP( M32, T_CHP6)        0.000000            0.000000 

                     A_CHP( M33, T_CHP1)        0.000000            0.000000 

                     A_CHP( M33, T_CHP2)        0.000000            0.000000 

                     A_CHP( M33, T_CHP3)        0.000000            0.000000 
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                     A_CHP( M33, T_CHP4)        0.000000            0.000000 

                     A_CHP( M33, T_CHP5)        0.000000            0.000000 

                     A_CHP( M33, T_CHP6)        1.000000            0.000000 

                     A_CHP( M34, T_CHP1)        0.000000            0.000000 

                     A_CHP( M34, T_CHP2)        0.000000            0.000000 

                     A_CHP( M34, T_CHP3)        0.000000            0.000000 

                     A_CHP( M34, T_CHP4)        0.000000            0.000000 

                     A_CHP( M34, T_CHP5)        0.000000            0.000000 

                     A_CHP( M34, T_CHP6)        0.000000            0.000000 

                     A_CHP( M35, T_CHP1)        0.000000            0.000000 

                     A_CHP( M35, T_CHP2)        0.000000            0.000000 

                     A_CHP( M35, T_CHP3)        0.000000            0.000000 

                     A_CHP( M35, T_CHP4)        0.000000            0.000000 

                     A_CHP( M35, T_CHP5)        0.000000            0.000000 

                     A_CHP( M35, T_CHP6)        0.000000            0.000000 

                     A_CHP( M36, T_CHP1)        0.000000            0.000000 

                     A_CHP( M36, T_CHP2)        0.000000            0.000000 

                     A_CHP( M36, T_CHP3)        0.000000            0.000000 

                     A_CHP( M36, T_CHP4)        0.000000            0.000000 

                     A_CHP( M36, T_CHP5)        0.000000            0.000000 

                     A_CHP( M36, T_CHP6)        0.000000            0.000000 

                     A_CHP( M37, T_CHP1)        0.000000            0.000000 

                     A_CHP( M37, T_CHP2)        0.000000            0.000000 

                     A_CHP( M37, T_CHP3)        0.000000            0.000000 

                     A_CHP( M37, T_CHP4)        0.000000            0.000000 

                     A_CHP( M37, T_CHP5)        0.000000            0.000000 

                     A_CHP( M37, T_CHP6)        0.000000            0.000000 

                     A_CHP( M38, T_CHP1)        0.000000            0.000000 

                     A_CHP( M38, T_CHP2)        0.000000            0.000000 

                     A_CHP( M38, T_CHP3)        0.000000            0.000000 

                     A_CHP( M38, T_CHP4)        0.000000            0.000000 

                     A_CHP( M38, T_CHP5)        0.000000            0.000000 

                     A_CHP( M38, T_CHP6)        0.000000            0.000000 

                     A_CHP( M39, T_CHP1)        0.000000            0.000000 

                     A_CHP( M39, T_CHP2)        0.000000            0.000000 

                     A_CHP( M39, T_CHP3)        0.000000            0.000000 

                     A_CHP( M39, T_CHP4)        0.000000            0.000000 

                     A_CHP( M39, T_CHP5)        0.000000            0.000000 

                     A_CHP( M39, T_CHP6)        0.000000            0.000000 

                     A_CHP( M40, T_CHP1)        0.000000            0.000000 

                     A_CHP( M40, T_CHP2)        0.000000            0.000000 

                     A_CHP( M40, T_CHP3)        0.000000            0.000000 

                     A_CHP( M40, T_CHP4)        0.000000            0.000000 

                     A_CHP( M40, T_CHP5)        0.000000            0.000000 

                     A_CHP( M40, T_CHP6)        0.000000            0.000000 

                     A_CHP( M41, T_CHP1)        0.000000            0.000000 

                     A_CHP( M41, T_CHP2)        0.000000            0.000000 

                     A_CHP( M41, T_CHP3)        0.000000            0.000000 

                     A_CHP( M41, T_CHP4)        0.000000            0.000000 

                     A_CHP( M41, T_CHP5)        0.000000            0.000000 

                     A_CHP( M41, T_CHP6)        0.000000            0.000000 

                     A_CHP( M42, T_CHP1)        0.000000            0.000000 

                     A_CHP( M42, T_CHP2)        0.000000            0.000000 

                     A_CHP( M42, T_CHP3)        0.000000            0.000000 

                     A_CHP( M42, T_CHP4)        0.000000            0.000000 

                     A_CHP( M42, T_CHP5)        0.000000            0.000000 

                     A_CHP( M42, T_CHP6)        0.000000            0.000000 

                     A_CHP( M43, T_CHP1)        0.000000            0.000000 

                     A_CHP( M43, T_CHP2)        0.000000            0.000000 

                     A_CHP( M43, T_CHP3)        0.000000            0.000000 

                     A_CHP( M43, T_CHP4)        0.000000            0.000000 

                     A_CHP( M43, T_CHP5)        0.000000            0.000000 

                     A_CHP( M43, T_CHP6)        0.000000            0.000000 

                     A_CHP( M44, T_CHP1)        0.000000            0.000000 

                     A_CHP( M44, T_CHP2)        0.000000            0.000000 

                     A_CHP( M44, T_CHP3)        0.000000            0.000000 

                     A_CHP( M44, T_CHP4)        0.000000            0.000000 

                     A_CHP( M44, T_CHP5)        0.000000            0.000000 
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                     A_CHP( M44, T_CHP6)        0.000000            0.000000 

                     A_CHP( M45, T_CHP1)        0.000000            0.000000 

                     A_CHP( M45, T_CHP2)        0.000000            0.000000 

                     A_CHP( M45, T_CHP3)        0.000000            0.000000 

                     A_CHP( M45, T_CHP4)        0.000000            0.000000 

                     A_CHP( M45, T_CHP5)        0.000000            0.000000 

                     A_CHP( M45, T_CHP6)        0.000000            0.000000 

                     A_CHP( M46, T_CHP1)        0.000000            0.000000 

                     A_CHP( M46, T_CHP2)        0.000000            0.000000 

                     A_CHP( M46, T_CHP3)        0.000000            0.000000 

                     A_CHP( M46, T_CHP4)        0.000000            0.000000 

                     A_CHP( M46, T_CHP5)        0.000000            0.000000 

                     A_CHP( M46, T_CHP6)        0.000000            0.000000 

                     A_CHP( M47, T_CHP1)        0.000000            0.000000 

                     A_CHP( M47, T_CHP2)        0.000000            0.000000 

                     A_CHP( M47, T_CHP3)        0.000000            0.000000 

                     A_CHP( M47, T_CHP4)        0.000000            0.000000 

                     A_CHP( M47, T_CHP5)        0.000000            0.000000 

                     A_CHP( M47, T_CHP6)        0.000000            0.000000 

                     A_CHP( M48, T_CHP1)        0.000000            0.000000 

                     A_CHP( M48, T_CHP2)        0.000000            0.000000 

                     A_CHP( M48, T_CHP3)        0.000000            0.000000 

                     A_CHP( M48, T_CHP4)        0.000000            0.000000 

                     A_CHP( M48, T_CHP5)        0.000000            0.000000 

                     A_CHP( M48, T_CHP6)        0.000000            0.000000 

                     A_CHP( M49, T_CHP1)        0.000000            0.000000 

                     A_CHP( M49, T_CHP2)        0.000000            0.000000 

                     A_CHP( M49, T_CHP3)        0.000000            0.000000 

                     A_CHP( M49, T_CHP4)        0.000000            0.000000 

                     A_CHP( M49, T_CHP5)        0.000000            0.000000 

                     A_CHP( M49, T_CHP6)        0.000000            0.000000 

                    A_IBWT( M1, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M1, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M1, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M1, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M1, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M1, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M1, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M2, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M2, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M2, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M2, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M2, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M2, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M2, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M3, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M3, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M3, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M3, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M3, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M3, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M3, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M4, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M4, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M4, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M4, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M4, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M4, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M4, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M5, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M5, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M5, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M5, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M5, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M5, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M5, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M6, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M6, T_IBWT2)        0.000000            0.000000 
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                    A_IBWT( M6, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M6, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M6, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M6, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M6, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M7, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M7, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M7, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M7, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M7, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M7, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M7, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M8, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M8, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M8, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M8, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M8, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M8, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M8, T_IBWT7)        0.000000            0.000000 

                    A_IBWT( M9, T_IBWT1)        0.000000            0.000000 

                    A_IBWT( M9, T_IBWT2)        0.000000            0.000000 

                    A_IBWT( M9, T_IBWT3)        0.000000            0.000000 

                    A_IBWT( M9, T_IBWT4)        0.000000            0.000000 

                    A_IBWT( M9, T_IBWT5)        0.000000            0.000000 

                    A_IBWT( M9, T_IBWT6)        0.000000            0.000000 

                    A_IBWT( M9, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M10, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M10, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M10, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M10, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M10, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M10, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M10, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M11, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M11, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M11, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M11, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M11, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M11, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M11, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M12, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M12, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M12, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M12, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M12, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M12, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M12, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M13, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M13, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M13, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M13, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M13, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M13, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M13, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M14, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M14, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M14, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M14, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M14, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M14, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M14, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M15, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M15, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M15, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M15, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M15, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M15, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M15, T_IBWT7)        0.000000            0.000000 
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                   A_IBWT( M16, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M16, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M16, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M16, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M16, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M16, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M16, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M17, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M17, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M17, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M17, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M17, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M17, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M17, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M18, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M18, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M18, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M18, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M18, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M18, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M18, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M19, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M19, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M19, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M19, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M19, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M19, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M19, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M20, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M20, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M20, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M20, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M20, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M20, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M20, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M21, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M21, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M21, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M21, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M21, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M21, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M21, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M22, T_IBWT1)       0.9700000E-02        0.000000 

                   A_IBWT( M22, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M22, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M22, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M22, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M22, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M22, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M23, T_IBWT1)       -1.000000            0.000000 

                   A_IBWT( M23, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M23, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M23, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M23, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M23, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M23, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M24, T_IBWT1)       0.9902700            0.000000 

                   A_IBWT( M24, T_IBWT2)       -1.000000            0.000000 

                   A_IBWT( M24, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M24, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M24, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M24, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M24, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M25, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M25, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M25, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M25, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M25, T_IBWT5)       0.7700000E-02        0.000000 
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                   A_IBWT( M25, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M25, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M26, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M26, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M26, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M26, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M26, T_IBWT5)        1.000000            0.000000 

                   A_IBWT( M26, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M26, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M27, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M27, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M27, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M27, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M27, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M27, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M27, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M28, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M28, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M28, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M28, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M28, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M28, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M28, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M29, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M29, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M29, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M29, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M29, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M29, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M29, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M30, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M30, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M30, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M30, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M30, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M30, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M30, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M31, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M31, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M31, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M31, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M31, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M31, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M31, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M32, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M32, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M32, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M32, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M32, T_IBWT5)       0.6540000E-03        0.000000 

                   A_IBWT( M32, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M32, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M33, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M33, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M33, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M33, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M33, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M33, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M33, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M34, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M34, T_IBWT2)        1.000000            0.000000 

                   A_IBWT( M34, T_IBWT3)       -1.000000            0.000000 

                   A_IBWT( M34, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M34, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M34, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M34, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M35, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M35, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M35, T_IBWT3)        32.98100            0.000000 
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                   A_IBWT( M35, T_IBWT4)       -1.000000            0.000000 

                   A_IBWT( M35, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M35, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M35, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M36, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M36, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M36, T_IBWT3)       0.9530000            0.000000 

                   A_IBWT( M36, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M36, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M36, T_IBWT6)       -1.000000            0.000000 

                   A_IBWT( M36, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M37, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M37, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M37, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M37, T_IBWT4)        1.050000            0.000000 

                   A_IBWT( M37, T_IBWT5)      -0.3779000            0.000000 

                   A_IBWT( M37, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M37, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M38, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M38, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M38, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M38, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M38, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M38, T_IBWT6)       0.9087000            0.000000 

                   A_IBWT( M38, T_IBWT7)       -1.000000            0.000000 

                   A_IBWT( M39, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M39, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M39, T_IBWT3)       0.1400000E-01        0.000000 

                   A_IBWT( M39, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M39, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M39, T_IBWT6)       0.9130000E-01        0.000000 

                   A_IBWT( M39, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M40, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M40, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M40, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M40, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M40, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M40, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M40, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M41, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M41, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M41, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M41, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M41, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M41, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M41, T_IBWT7)       0.9500000            0.000000 

                   A_IBWT( M42, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M42, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M42, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M42, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M42, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M42, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M42, T_IBWT7)       0.5000000E-01        0.000000 

                   A_IBWT( M43, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M43, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M43, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M43, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M43, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M43, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M43, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M44, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M44, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M44, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M44, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M44, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M44, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M44, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M45, T_IBWT1)        0.000000            0.000000 
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                   A_IBWT( M45, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M45, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M45, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M45, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M45, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M45, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M46, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M46, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M46, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M46, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M46, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M46, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M46, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M47, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M47, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M47, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M47, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M47, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M47, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M47, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M48, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M48, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M48, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M48, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M48, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M48, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M48, T_IBWT7)        0.000000            0.000000 

                   A_IBWT( M49, T_IBWT1)        0.000000            0.000000 

                   A_IBWT( M49, T_IBWT2)        0.000000            0.000000 

                   A_IBWT( M49, T_IBWT3)        0.000000            0.000000 

                   A_IBWT( M49, T_IBWT4)        0.000000            0.000000 

                   A_IBWT( M49, T_IBWT5)        0.000000            0.000000 

                   A_IBWT( M49, T_IBWT6)        0.000000            0.000000 

                   A_IBWT( M49, T_IBWT7)        0.000000            0.000000 

                      A_POB( M1, T_POB1)        0.000000            0.000000 

                      A_POB( M1, T_POB2)        0.000000            0.000000 

                      A_POB( M1, T_POB3)        0.000000            0.000000 

                      A_POB( M1, T_POB4)        0.000000            0.000000 

                      A_POB( M1, T_POB5)        0.000000            0.000000 

                      A_POB( M1, T_POB6)        0.000000            0.000000 

                      A_POB( M1, T_POB7)        0.000000            0.000000 

                      A_POB( M1, T_POB8)        0.000000            0.000000 

                      A_POB( M1, T_POB9)        0.000000            0.000000 

                      A_POB( M2, T_POB1)        0.000000            0.000000 

                      A_POB( M2, T_POB2)        0.000000            0.000000 

                      A_POB( M2, T_POB3)        0.000000            0.000000 

                      A_POB( M2, T_POB4)        0.000000            0.000000 

                      A_POB( M2, T_POB5)        0.000000            0.000000 

                      A_POB( M2, T_POB6)        0.000000            0.000000 

                      A_POB( M2, T_POB7)        0.000000            0.000000 

                      A_POB( M2, T_POB8)        0.000000            0.000000 

                      A_POB( M2, T_POB9)        0.000000            0.000000 

                      A_POB( M3, T_POB1)        0.000000            0.000000 

                      A_POB( M3, T_POB2)        0.000000            0.000000 

                      A_POB( M3, T_POB3)        0.000000            0.000000 

                      A_POB( M3, T_POB4)        0.000000            0.000000 

                      A_POB( M3, T_POB5)        0.000000            0.000000 

                      A_POB( M3, T_POB6)        0.000000            0.000000 

                      A_POB( M3, T_POB7)        0.000000            0.000000 

                      A_POB( M3, T_POB8)        0.000000            0.000000 

                      A_POB( M3, T_POB9)        0.000000            0.000000 

                      A_POB( M4, T_POB1)        0.000000            0.000000 

                      A_POB( M4, T_POB2)        0.000000            0.000000 

                      A_POB( M4, T_POB3)        0.000000            0.000000 

                      A_POB( M4, T_POB4)        0.000000            0.000000 

                      A_POB( M4, T_POB5)        0.000000            0.000000 

                      A_POB( M4, T_POB6)        0.000000            0.000000 

                      A_POB( M4, T_POB7)        0.000000            0.000000 
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                      A_POB( M4, T_POB8)        0.000000            0.000000 

                      A_POB( M4, T_POB9)        0.000000            0.000000 

                      A_POB( M5, T_POB1)        0.000000            0.000000 

                      A_POB( M5, T_POB2)        0.000000            0.000000 

                      A_POB( M5, T_POB3)        0.000000            0.000000 

                      A_POB( M5, T_POB4)        0.000000            0.000000 

                      A_POB( M5, T_POB5)        0.000000            0.000000 

                      A_POB( M5, T_POB6)        0.000000            0.000000 

                      A_POB( M5, T_POB7)        0.000000            0.000000 

                      A_POB( M5, T_POB8)        0.000000            0.000000 

                      A_POB( M5, T_POB9)        0.000000            0.000000 

                      A_POB( M6, T_POB1)        0.000000            0.000000 

                      A_POB( M6, T_POB2)        0.000000            0.000000 

                      A_POB( M6, T_POB3)        0.000000            0.000000 

                      A_POB( M6, T_POB4)        0.000000            0.000000 

                      A_POB( M6, T_POB5)        0.000000            0.000000 

                      A_POB( M6, T_POB6)        0.000000            0.000000 

                      A_POB( M6, T_POB7)        0.000000            0.000000 

                      A_POB( M6, T_POB8)        0.000000            0.000000 

                      A_POB( M6, T_POB9)        0.000000            0.000000 

                      A_POB( M7, T_POB1)        0.000000            0.000000 

                      A_POB( M7, T_POB2)        0.000000            0.000000 

                      A_POB( M7, T_POB3)        0.000000            0.000000 

                      A_POB( M7, T_POB4)        0.000000            0.000000 

                      A_POB( M7, T_POB5)        0.000000            0.000000 

                      A_POB( M7, T_POB6)        0.000000            0.000000 

                      A_POB( M7, T_POB7)        0.000000            0.000000 

                      A_POB( M7, T_POB8)        0.000000            0.000000 

                      A_POB( M7, T_POB9)        0.000000            0.000000 

                      A_POB( M8, T_POB1)        0.000000            0.000000 

                      A_POB( M8, T_POB2)        0.000000            0.000000 

                      A_POB( M8, T_POB3)        0.000000            0.000000 

                      A_POB( M8, T_POB4)        0.000000            0.000000 

                      A_POB( M8, T_POB5)        0.000000            0.000000 

                      A_POB( M8, T_POB6)        0.000000            0.000000 

                      A_POB( M8, T_POB7)        0.000000            0.000000 

                      A_POB( M8, T_POB8)        0.000000            0.000000 

                      A_POB( M8, T_POB9)        0.000000            0.000000 

                      A_POB( M9, T_POB1)        0.000000            0.000000 

                      A_POB( M9, T_POB2)        0.000000            0.000000 

                      A_POB( M9, T_POB3)        0.000000            0.000000 

                      A_POB( M9, T_POB4)        0.000000            0.000000 

                      A_POB( M9, T_POB5)        0.000000            0.000000 

                      A_POB( M9, T_POB6)        0.000000            0.000000 

                      A_POB( M9, T_POB7)        0.000000            0.000000 

                      A_POB( M9, T_POB8)        0.000000            0.000000 

                      A_POB( M9, T_POB9)        0.000000            0.000000 

                     A_POB( M10, T_POB1)        0.000000            0.000000 

                     A_POB( M10, T_POB2)        0.000000            0.000000 

                     A_POB( M10, T_POB3)        0.000000            0.000000 

                     A_POB( M10, T_POB4)        0.000000            0.000000 

                     A_POB( M10, T_POB5)        0.000000            0.000000 

                     A_POB( M10, T_POB6)        0.000000            0.000000 

                     A_POB( M10, T_POB7)        0.000000            0.000000 

                     A_POB( M10, T_POB8)        0.000000            0.000000 

                     A_POB( M10, T_POB9)        0.000000            0.000000 

                     A_POB( M11, T_POB1)        0.000000            0.000000 

                     A_POB( M11, T_POB2)        0.000000            0.000000 

                     A_POB( M11, T_POB3)        0.000000            0.000000 

                     A_POB( M11, T_POB4)        0.000000            0.000000 

                     A_POB( M11, T_POB5)        0.000000            0.000000 

                     A_POB( M11, T_POB6)        0.000000            0.000000 

                     A_POB( M11, T_POB7)        0.000000            0.000000 

                     A_POB( M11, T_POB8)        0.000000            0.000000 

                     A_POB( M11, T_POB9)        0.000000            0.000000 

                     A_POB( M12, T_POB1)        0.000000            0.000000 

                     A_POB( M12, T_POB2)        0.000000            0.000000 

                     A_POB( M12, T_POB3)        0.000000            0.000000 
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                     A_POB( M12, T_POB4)        0.000000            0.000000 

                     A_POB( M12, T_POB5)        0.000000            0.000000 

                     A_POB( M12, T_POB6)        0.000000            0.000000 

                     A_POB( M12, T_POB7)        0.000000            0.000000 

                     A_POB( M12, T_POB8)        0.000000            0.000000 

                     A_POB( M12, T_POB9)        0.000000            0.000000 

                     A_POB( M13, T_POB1)        0.000000            0.000000 

                     A_POB( M13, T_POB2)        0.000000            0.000000 

                     A_POB( M13, T_POB3)        0.000000            0.000000 

                     A_POB( M13, T_POB4)        0.000000            0.000000 

                     A_POB( M13, T_POB5)        0.000000            0.000000 

                     A_POB( M13, T_POB6)        0.000000            0.000000 

                     A_POB( M13, T_POB7)        0.000000            0.000000 

                     A_POB( M13, T_POB8)        0.000000            0.000000 

                     A_POB( M13, T_POB9)        0.000000            0.000000 

                     A_POB( M14, T_POB1)        0.000000            0.000000 

                     A_POB( M14, T_POB2)        0.000000            0.000000 

                     A_POB( M14, T_POB3)        0.000000            0.000000 

                     A_POB( M14, T_POB4)        0.000000            0.000000 

                     A_POB( M14, T_POB5)        0.000000            0.000000 

                     A_POB( M14, T_POB6)        0.000000            0.000000 

                     A_POB( M14, T_POB7)        0.000000            0.000000 

                     A_POB( M14, T_POB8)        0.000000            0.000000 

                     A_POB( M14, T_POB9)        0.000000            0.000000 

                     A_POB( M15, T_POB1)        0.000000            0.000000 

                     A_POB( M15, T_POB2)        0.000000            0.000000 

                     A_POB( M15, T_POB3)        0.000000            0.000000 

                     A_POB( M15, T_POB4)        0.000000            0.000000 

                     A_POB( M15, T_POB5)        0.000000            0.000000 

                     A_POB( M15, T_POB6)        0.000000            0.000000 

                     A_POB( M15, T_POB7)        0.000000            0.000000 

                     A_POB( M15, T_POB8)        0.000000            0.000000 

                     A_POB( M15, T_POB9)        0.000000            0.000000 

                     A_POB( M16, T_POB1)        0.000000            0.000000 

                     A_POB( M16, T_POB2)        0.000000            0.000000 

                     A_POB( M16, T_POB3)        0.000000            0.000000 

                     A_POB( M16, T_POB4)        0.000000            0.000000 

                     A_POB( M16, T_POB5)        0.000000            0.000000 

                     A_POB( M16, T_POB6)        0.000000            0.000000 

                     A_POB( M16, T_POB7)        0.000000            0.000000 

                     A_POB( M16, T_POB8)        0.000000            0.000000 

                     A_POB( M16, T_POB9)        0.000000            0.000000 

                     A_POB( M17, T_POB1)        0.000000            0.000000 

                     A_POB( M17, T_POB2)        0.000000            0.000000 

                     A_POB( M17, T_POB3)        0.000000            0.000000 

                     A_POB( M17, T_POB4)        0.000000            0.000000 

                     A_POB( M17, T_POB5)        0.000000            0.000000 

                     A_POB( M17, T_POB6)        0.000000            0.000000 

                     A_POB( M17, T_POB7)        0.000000            0.000000 

                     A_POB( M17, T_POB8)        0.000000            0.000000 

                     A_POB( M17, T_POB9)        0.000000            0.000000 

                     A_POB( M18, T_POB1)        0.000000            0.000000 

                     A_POB( M18, T_POB2)        0.000000            0.000000 

                     A_POB( M18, T_POB3)        0.000000            0.000000 

                     A_POB( M18, T_POB4)        0.000000            0.000000 

                     A_POB( M18, T_POB5)        0.000000            0.000000 

                     A_POB( M18, T_POB6)        0.000000            0.000000 

                     A_POB( M18, T_POB7)        0.000000            0.000000 

                     A_POB( M18, T_POB8)        0.000000            0.000000 

                     A_POB( M18, T_POB9)        0.000000            0.000000 

                     A_POB( M19, T_POB1)        0.000000            0.000000 

                     A_POB( M19, T_POB2)        0.000000            0.000000 

                     A_POB( M19, T_POB3)        0.000000            0.000000 

                     A_POB( M19, T_POB4)        0.000000            0.000000 

                     A_POB( M19, T_POB5)        0.000000            0.000000 

                     A_POB( M19, T_POB6)        0.000000            0.000000 

                     A_POB( M19, T_POB7)        0.000000            0.000000 

                     A_POB( M19, T_POB8)        0.000000            0.000000 
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                     A_POB( M19, T_POB9)        0.000000            0.000000 

                     A_POB( M20, T_POB1)        0.000000            0.000000 

                     A_POB( M20, T_POB2)        0.000000            0.000000 

                     A_POB( M20, T_POB3)        0.000000            0.000000 

                     A_POB( M20, T_POB4)        0.000000            0.000000 

                     A_POB( M20, T_POB5)        0.000000            0.000000 

                     A_POB( M20, T_POB6)        0.000000            0.000000 

                     A_POB( M20, T_POB7)        0.000000            0.000000 

                     A_POB( M20, T_POB8)        0.000000            0.000000 

                     A_POB( M20, T_POB9)       -3.000000            0.000000 

                     A_POB( M21, T_POB1)        0.000000            0.000000 

                     A_POB( M21, T_POB2)        0.000000            0.000000 

                     A_POB( M21, T_POB3)       -1.000000            0.000000 

                     A_POB( M21, T_POB4)       -1.000000            0.000000 

                     A_POB( M21, T_POB5)        0.000000            0.000000 

                     A_POB( M21, T_POB6)       -1.000000            0.000000 

                     A_POB( M21, T_POB7)        0.000000            0.000000 

                     A_POB( M21, T_POB8)        0.000000            0.000000 

                     A_POB( M21, T_POB9)        0.000000            0.000000 

                     A_POB( M22, T_POB1)        0.000000            0.000000 

                     A_POB( M22, T_POB2)        0.000000            0.000000 

                     A_POB( M22, T_POB3)        0.000000            0.000000 

                     A_POB( M22, T_POB4)        0.000000            0.000000 

                     A_POB( M22, T_POB5)        0.000000            0.000000 

                     A_POB( M22, T_POB6)        0.000000            0.000000 

                     A_POB( M22, T_POB7)        0.000000            0.000000 

                     A_POB( M22, T_POB8)        0.000000            0.000000 

                     A_POB( M22, T_POB9)        0.000000            0.000000 

                     A_POB( M23, T_POB1)        0.000000            0.000000 

                     A_POB( M23, T_POB2)        0.000000            0.000000 

                     A_POB( M23, T_POB3)        0.000000            0.000000 

                     A_POB( M23, T_POB4)        0.000000            0.000000 

                     A_POB( M23, T_POB5)        0.000000            0.000000 

                     A_POB( M23, T_POB6)        0.000000            0.000000 

                     A_POB( M23, T_POB7)       -1.000000            0.000000 

                     A_POB( M23, T_POB8)        0.000000            0.000000 

                     A_POB( M23, T_POB9)        0.000000            0.000000 

                     A_POB( M24, T_POB1)        0.000000            0.000000 

                     A_POB( M24, T_POB2)        0.000000            0.000000 

                     A_POB( M24, T_POB3)        0.000000            0.000000 

                     A_POB( M24, T_POB4)        0.000000            0.000000 

                     A_POB( M24, T_POB5)        0.000000            0.000000 

                     A_POB( M24, T_POB6)        0.000000            0.000000 

                     A_POB( M24, T_POB7)        0.000000            0.000000 

                     A_POB( M24, T_POB8)        0.000000            0.000000 

                     A_POB( M24, T_POB9)        0.000000            0.000000 

                     A_POB( M25, T_POB1)        0.000000            0.000000 

                     A_POB( M25, T_POB2)        0.000000            0.000000 

                     A_POB( M25, T_POB3)        0.000000            0.000000 

                     A_POB( M25, T_POB4)        0.000000            0.000000 

                     A_POB( M25, T_POB5)        0.000000            0.000000 

                     A_POB( M25, T_POB6)        0.000000            0.000000 

                     A_POB( M25, T_POB7)        0.000000            0.000000 

                     A_POB( M25, T_POB8)        0.000000            0.000000 

                     A_POB( M25, T_POB9)        0.000000            0.000000 

                     A_POB( M26, T_POB1)        0.000000            0.000000 

                     A_POB( M26, T_POB2)        0.000000            0.000000 

                     A_POB( M26, T_POB3)        0.000000            0.000000 

                     A_POB( M26, T_POB4)        0.000000            0.000000 

                     A_POB( M26, T_POB5)        0.000000            0.000000 

                     A_POB( M26, T_POB6)        0.000000            0.000000 

                     A_POB( M26, T_POB7)        0.000000            0.000000 

                     A_POB( M26, T_POB8)        0.000000            0.000000 

                     A_POB( M26, T_POB9)        0.000000            0.000000 

                     A_POB( M27, T_POB1)        0.000000            0.000000 

                     A_POB( M27, T_POB2)        0.000000            0.000000 

                     A_POB( M27, T_POB3)        0.000000            0.000000 

                     A_POB( M27, T_POB4)        0.000000            0.000000 
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                     A_POB( M27, T_POB5)        0.000000            0.000000 

                     A_POB( M27, T_POB6)        0.000000            0.000000 

                     A_POB( M27, T_POB7)        0.000000            0.000000 

                     A_POB( M27, T_POB8)        0.000000            0.000000 

                     A_POB( M27, T_POB9)        0.000000            0.000000 

                     A_POB( M28, T_POB1)        0.000000            0.000000 

                     A_POB( M28, T_POB2)        0.000000            0.000000 

                     A_POB( M28, T_POB3)        0.000000            0.000000 

                     A_POB( M28, T_POB4)        0.000000            0.000000 

                     A_POB( M28, T_POB5)        0.000000            0.000000 

                     A_POB( M28, T_POB6)        0.000000            0.000000 

                     A_POB( M28, T_POB7)        0.000000            0.000000 

                     A_POB( M28, T_POB8)        0.000000            0.000000 

                     A_POB( M28, T_POB9)        0.000000            0.000000 

                     A_POB( M29, T_POB1)        0.000000            0.000000 

                     A_POB( M29, T_POB2)        0.000000            0.000000 

                     A_POB( M29, T_POB3)        0.000000            0.000000 

                     A_POB( M29, T_POB4)        0.000000            0.000000 

                     A_POB( M29, T_POB5)        0.000000            0.000000 

                     A_POB( M29, T_POB6)        0.000000            0.000000 

                     A_POB( M29, T_POB7)        0.000000            0.000000 

                     A_POB( M29, T_POB8)        0.000000            0.000000 

                     A_POB( M29, T_POB9)        0.000000            0.000000 

                     A_POB( M30, T_POB1)        0.000000            0.000000 

                     A_POB( M30, T_POB2)        0.000000            0.000000 

                     A_POB( M30, T_POB3)        0.000000            0.000000 

                     A_POB( M30, T_POB4)        0.000000            0.000000 

                     A_POB( M30, T_POB5)        0.000000            0.000000 

                     A_POB( M30, T_POB6)        0.000000            0.000000 

                     A_POB( M30, T_POB7)        0.000000            0.000000 

                     A_POB( M30, T_POB8)        0.000000            0.000000 

                     A_POB( M30, T_POB9)        0.000000            0.000000 

                     A_POB( M31, T_POB1)        0.000000            0.000000 

                     A_POB( M31, T_POB2)        0.000000            0.000000 

                     A_POB( M31, T_POB3)       -7.690000            0.000000 

                     A_POB( M31, T_POB4)        0.000000            0.000000 

                     A_POB( M31, T_POB5)        0.000000            0.000000 

                     A_POB( M31, T_POB6)        0.000000            0.000000 

                     A_POB( M31, T_POB7)        0.000000            0.000000 

                     A_POB( M31, T_POB8)        0.000000            0.000000 

                     A_POB( M31, T_POB9)        0.000000            0.000000 

                     A_POB( M32, T_POB1)        0.000000            0.000000 

                     A_POB( M32, T_POB2)        0.000000            0.000000 

                     A_POB( M32, T_POB3)        0.000000            0.000000 

                     A_POB( M32, T_POB4)        0.000000            0.000000 

                     A_POB( M32, T_POB5)        0.000000            0.000000 

                     A_POB( M32, T_POB6)        0.000000            0.000000 

                     A_POB( M32, T_POB7)        0.000000            0.000000 

                     A_POB( M32, T_POB8)       0.1800000            0.000000 

                     A_POB( M32, T_POB9)        0.000000            0.000000 

                     A_POB( M33, T_POB1)        0.000000            0.000000 

                     A_POB( M33, T_POB2)        0.000000            0.000000 

                     A_POB( M33, T_POB3)        0.000000            0.000000 

                     A_POB( M33, T_POB4)       -7.650000            0.000000 

                     A_POB( M33, T_POB5)        0.000000            0.000000 

                     A_POB( M33, T_POB6)        0.000000            0.000000 

                     A_POB( M33, T_POB7)        0.000000            0.000000 

                     A_POB( M33, T_POB8)        0.000000            0.000000 

                     A_POB( M33, T_POB9)        0.000000            0.000000 

                     A_POB( M34, T_POB1)        0.000000            0.000000 

                     A_POB( M34, T_POB2)        0.000000            0.000000 

                     A_POB( M34, T_POB3)        0.000000            0.000000 

                     A_POB( M34, T_POB4)        0.000000            0.000000 

                     A_POB( M34, T_POB5)        0.000000            0.000000 

                     A_POB( M34, T_POB6)        0.000000            0.000000 

                     A_POB( M34, T_POB7)        0.000000            0.000000 

                     A_POB( M34, T_POB8)        0.000000            0.000000 

                     A_POB( M34, T_POB9)        0.000000            0.000000 
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                     A_POB( M35, T_POB1)        0.000000            0.000000 

                     A_POB( M35, T_POB2)        0.000000            0.000000 

                     A_POB( M35, T_POB3)        0.000000            0.000000 

                     A_POB( M35, T_POB4)        0.000000            0.000000 

                     A_POB( M35, T_POB5)        0.000000            0.000000 

                     A_POB( M35, T_POB6)        0.000000            0.000000 

                     A_POB( M35, T_POB7)        0.000000            0.000000 

                     A_POB( M35, T_POB8)        0.000000            0.000000 

                     A_POB( M35, T_POB9)        0.000000            0.000000 

                     A_POB( M36, T_POB1)        0.000000            0.000000 

                     A_POB( M36, T_POB2)        0.000000            0.000000 

                     A_POB( M36, T_POB3)        0.000000            0.000000 

                     A_POB( M36, T_POB4)        0.000000            0.000000 

                     A_POB( M36, T_POB5)        0.000000            0.000000 

                     A_POB( M36, T_POB6)        0.000000            0.000000 

                     A_POB( M36, T_POB7)        0.000000            0.000000 

                     A_POB( M36, T_POB8)        0.000000            0.000000 

                     A_POB( M36, T_POB9)        0.000000            0.000000 

                     A_POB( M37, T_POB1)        0.000000            0.000000 

                     A_POB( M37, T_POB2)        0.000000            0.000000 

                     A_POB( M37, T_POB3)        0.000000            0.000000 

                     A_POB( M37, T_POB4)        0.000000            0.000000 

                     A_POB( M37, T_POB5)        0.000000            0.000000 

                     A_POB( M37, T_POB6)        0.000000            0.000000 

                     A_POB( M37, T_POB7)        0.000000            0.000000 

                     A_POB( M37, T_POB8)        0.000000            0.000000 

                     A_POB( M37, T_POB9)        0.000000            0.000000 

                     A_POB( M38, T_POB1)        0.000000            0.000000 

                     A_POB( M38, T_POB2)        0.000000            0.000000 

                     A_POB( M38, T_POB3)        0.000000            0.000000 

                     A_POB( M38, T_POB4)        0.000000            0.000000 

                     A_POB( M38, T_POB5)        0.000000            0.000000 

                     A_POB( M38, T_POB6)        0.000000            0.000000 

                     A_POB( M38, T_POB7)        0.000000            0.000000 

                     A_POB( M38, T_POB8)        0.000000            0.000000 

                     A_POB( M38, T_POB9)        0.000000            0.000000 

                     A_POB( M39, T_POB1)       -1.000000            0.000000 

                     A_POB( M39, T_POB2)        0.000000            0.000000 

                     A_POB( M39, T_POB3)        0.000000            0.000000 

                     A_POB( M39, T_POB4)        0.000000            0.000000 

                     A_POB( M39, T_POB5)        0.000000            0.000000 

                     A_POB( M39, T_POB6)        0.000000            0.000000 

                     A_POB( M39, T_POB7)        0.000000            0.000000 

                     A_POB( M39, T_POB8)        0.000000            0.000000 

                     A_POB( M39, T_POB9)        0.000000            0.000000 

                     A_POB( M40, T_POB1)        0.000000            0.000000 

                     A_POB( M40, T_POB2)       0.7500000            0.000000 

                     A_POB( M40, T_POB3)        0.000000            0.000000 

                     A_POB( M40, T_POB4)        0.000000            0.000000 

                     A_POB( M40, T_POB5)        0.000000            0.000000 

                     A_POB( M40, T_POB6)        0.000000            0.000000 

                     A_POB( M40, T_POB7)        0.000000            0.000000 

                     A_POB( M40, T_POB8)        0.000000            0.000000 

                     A_POB( M40, T_POB9)        0.000000            0.000000 

                     A_POB( M41, T_POB1)        0.000000            0.000000 

                     A_POB( M41, T_POB2)        0.000000            0.000000 

                     A_POB( M41, T_POB3)        0.000000            0.000000 

                     A_POB( M41, T_POB4)        0.000000            0.000000 

                     A_POB( M41, T_POB5)        0.000000            0.000000 

                     A_POB( M41, T_POB6)        0.000000            0.000000 

                     A_POB( M41, T_POB7)        1.000000            0.000000 

                     A_POB( M41, T_POB8)       -3.878000            0.000000 

                     A_POB( M41, T_POB9)        0.000000            0.000000 

                     A_POB( M42, T_POB1)        0.000000            0.000000 

                     A_POB( M42, T_POB2)        0.000000            0.000000 

                     A_POB( M42, T_POB3)       0.1660000            0.000000 

                     A_POB( M42, T_POB4)       0.1660000            0.000000 

                     A_POB( M42, T_POB5)       0.1830000            0.000000 
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                     A_POB( M42, T_POB6)       0.9600000E-01        0.000000 

                     A_POB( M42, T_POB7)        0.000000            0.000000 

                     A_POB( M42, T_POB8)        4.120000            0.000000 

                     A_POB( M42, T_POB9)        2.000000            0.000000 

                     A_POB( M43, T_POB1)        1.000000            0.000000 

                     A_POB( M43, T_POB2)       -1.000000            0.000000 

                     A_POB( M43, T_POB3)        0.000000            0.000000 

                     A_POB( M43, T_POB4)        0.000000            0.000000 

                     A_POB( M43, T_POB5)        0.000000            0.000000 

                     A_POB( M43, T_POB6)        0.000000            0.000000 

                     A_POB( M43, T_POB7)        0.000000            0.000000 

                     A_POB( M43, T_POB8)        0.000000            0.000000 

                     A_POB( M43, T_POB9)        0.000000            0.000000 

                     A_POB( M44, T_POB1)        0.000000            0.000000 

                     A_POB( M44, T_POB2)       0.2500000            0.000000 

                     A_POB( M44, T_POB3)        0.000000            0.000000 

                     A_POB( M44, T_POB4)        0.000000            0.000000 

                     A_POB( M44, T_POB5)        0.000000            0.000000 

                     A_POB( M44, T_POB6)        0.000000            0.000000 

                     A_POB( M44, T_POB7)        0.000000            0.000000 

                     A_POB( M44, T_POB8)        0.000000            0.000000 

                     A_POB( M44, T_POB9)        0.000000            0.000000 

                     A_POB( M45, T_POB1)        0.000000            0.000000 

                     A_POB( M45, T_POB2)        0.000000            0.000000 

                     A_POB( M45, T_POB3)       0.8340000            0.000000 

                     A_POB( M45, T_POB4)       0.8340000            0.000000 

                     A_POB( M45, T_POB5)       -1.825000            0.000000 

                     A_POB( M45, T_POB6)        0.000000            0.000000 

                     A_POB( M45, T_POB7)        0.000000            0.000000 

                     A_POB( M45, T_POB8)        0.000000            0.000000 

                     A_POB( M45, T_POB9)        0.000000            0.000000 

                     A_POB( M46, T_POB1)        0.000000            0.000000 

                     A_POB( M46, T_POB2)        0.000000            0.000000 

                     A_POB( M46, T_POB3)        0.000000            0.000000 

                     A_POB( M46, T_POB4)        0.000000            0.000000 

                     A_POB( M46, T_POB5)        1.000000            0.000000 

                     A_POB( M46, T_POB6)        0.000000            0.000000 

                     A_POB( M46, T_POB7)        0.000000            0.000000 

                     A_POB( M46, T_POB8)        0.000000            0.000000 

                     A_POB( M46, T_POB9)        0.000000            0.000000 

                     A_POB( M47, T_POB1)        0.000000            0.000000 

                     A_POB( M47, T_POB2)        0.000000            0.000000 

                     A_POB( M47, T_POB3)        0.000000            0.000000 

                     A_POB( M47, T_POB4)        0.000000            0.000000 

                     A_POB( M47, T_POB5)       0.6420000            0.000000 

                     A_POB( M47, T_POB6)       0.9040000            0.000000 

                     A_POB( M47, T_POB7)        0.000000            0.000000 

                     A_POB( M47, T_POB8)       -1.422000            0.000000 

                     A_POB( M47, T_POB9)        0.000000            0.000000 

                     A_POB( M48, T_POB1)        0.000000            0.000000 

                     A_POB( M48, T_POB2)        0.000000            0.000000 

                     A_POB( M48, T_POB3)        0.000000            0.000000 

                     A_POB( M48, T_POB4)        0.000000            0.000000 

                     A_POB( M48, T_POB5)        0.000000            0.000000 

                     A_POB( M48, T_POB6)        0.000000            0.000000 

                     A_POB( M48, T_POB7)        0.000000            0.000000 

                     A_POB( M48, T_POB8)        1.000000            0.000000 

                     A_POB( M48, T_POB9)        0.000000            0.000000 

                     A_POB( M49, T_POB1)        0.000000            0.000000 

                     A_POB( M49, T_POB2)        0.000000            0.000000 

                     A_POB( M49, T_POB3)        0.000000            0.000000 

                     A_POB( M49, T_POB4)        0.000000            0.000000 

                     A_POB( M49, T_POB5)        0.000000            0.000000 

                     A_POB( M49, T_POB6)        0.000000            0.000000 

                     A_POB( M49, T_POB7)        0.000000            0.000000 

                     A_POB( M49, T_POB8)        0.000000            0.000000 

                     A_POB( M49, T_POB9)        1.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM1)       0.7142857E-05        0.000000 
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             CAPINV_POM( T_POM1, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM1, T_POM9)        0.000000            0.000000 

            CAPINV_POM( T_POM1, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM1, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM1, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM2)       0.2857143E-05        0.000000 

             CAPINV_POM( T_POM2, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM2, T_POM9)        0.000000            0.000000 

            CAPINV_POM( T_POM2, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM2, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM2, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM3)       0.1428571E-04        0.000000 

             CAPINV_POM( T_POM3, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM3, T_POM9)        0.000000            0.000000 

            CAPINV_POM( T_POM3, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM3, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM3, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM4)       0.7142857E-05        0.000000 

             CAPINV_POM( T_POM4, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM4, T_POM9)        0.000000            0.000000 

            CAPINV_POM( T_POM4, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM4, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM4, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM5)       0.5714286E-05        0.000000 

             CAPINV_POM( T_POM5, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM5, T_POM9)        0.000000            0.000000 

            CAPINV_POM( T_POM5, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM5, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM5, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM6)       0.1428571E-04        0.000000 

             CAPINV_POM( T_POM6, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM6, T_POM9)        0.000000            0.000000 
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            CAPINV_POM( T_POM6, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM6, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM6, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM7)       0.1428571E-04        0.000000 

             CAPINV_POM( T_POM7, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM7, T_POM9)        0.000000            0.000000 

            CAPINV_POM( T_POM7, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM7, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM7, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM8, T_POM8)       0.9523810E-05        0.000000 

             CAPINV_POM( T_POM8, T_POM9)        0.000000            0.000000 

            CAPINV_POM( T_POM8, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM8, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM8, T_POM12)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM1)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM2)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM3)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM4)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM5)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM6)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM7)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM8)        0.000000            0.000000 

             CAPINV_POM( T_POM9, T_POM9)       0.1428571E-04        0.000000 

            CAPINV_POM( T_POM9, T_POM10)        0.000000            0.000000 

            CAPINV_POM( T_POM9, T_POM11)        0.000000            0.000000 

            CAPINV_POM( T_POM9, T_POM12)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM1)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM2)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM3)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM4)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM5)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM6)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM7)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM8)        0.000000            0.000000 

            CAPINV_POM( T_POM10, T_POM9)        0.000000            0.000000 

           CAPINV_POM( T_POM10, T_POM10)       0.1000000E-05        0.000000 

           CAPINV_POM( T_POM10, T_POM11)        0.000000            0.000000 

           CAPINV_POM( T_POM10, T_POM12)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM1)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM2)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM3)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM4)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM5)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM6)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM7)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM8)        0.000000            0.000000 

            CAPINV_POM( T_POM11, T_POM9)        0.000000            0.000000 

           CAPINV_POM( T_POM11, T_POM10)        0.000000            0.000000 

           CAPINV_POM( T_POM11, T_POM11)       0.1785714E-04        0.000000 

           CAPINV_POM( T_POM11, T_POM12)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM1)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM2)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM3)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM4)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM5)        0.000000            0.000000 
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            CAPINV_POM( T_POM12, T_POM6)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM7)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM8)        0.000000            0.000000 

            CAPINV_POM( T_POM12, T_POM9)        0.000000            0.000000 

           CAPINV_POM( T_POM12, T_POM10)        0.000000            0.000000 

           CAPINV_POM( T_POM12, T_POM11)        0.000000            0.000000 

           CAPINV_POM( T_POM12, T_POM12)       0.7142857E-05        0.000000 

          CAPINVMAX_POM( T_POM1, T_POM1)       0.2380952E-05        0.000000 

          CAPINVMAX_POM( T_POM1, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM1, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM1, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM1, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM1, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM1, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM1, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM1, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM1, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM1, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM1, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM1)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM2)       0.2857143E-05        0.000000 

          CAPINVMAX_POM( T_POM2, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM2, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM2, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM2, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM2, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM1)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM3)       0.7142857E-05        0.000000 

          CAPINVMAX_POM( T_POM3, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM3, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM3, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM3, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM3, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM1)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM4)       0.3571429E-05        0.000000 

          CAPINVMAX_POM( T_POM4, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM4, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM4, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM4, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM4, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM1)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM5)       0.2857143E-05        0.000000 

          CAPINVMAX_POM( T_POM5, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM5, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM5, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM5, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM5, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM6, T_POM1)        0.000000            0.000000 
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          CAPINVMAX_POM( T_POM6, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM6, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM6, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM6, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM6, T_POM6)       0.7142857E-05        0.000000 

          CAPINVMAX_POM( T_POM6, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM6, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM6, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM6, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM6, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM6, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM1)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM7)       0.1428571E-04        0.000000 

          CAPINVMAX_POM( T_POM7, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM7, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM7, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM7, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM7, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM1)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM8, T_POM8)       0.9523810E-05        0.000000 

          CAPINVMAX_POM( T_POM8, T_POM9)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM8, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM8, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM8, T_POM12)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM1)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM2)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM3)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM4)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM5)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM6)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM7)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM8)        0.000000            0.000000 

          CAPINVMAX_POM( T_POM9, T_POM9)       0.4761905E-05        0.000000 

         CAPINVMAX_POM( T_POM9, T_POM10)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM9, T_POM11)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM9, T_POM12)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM1)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM2)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM3)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM4)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM5)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM6)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM7)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM8)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM10, T_POM9)        0.000000            0.000000 

        CAPINVMAX_POM( T_POM10, T_POM10)       0.1000000E-05        0.000000 

        CAPINVMAX_POM( T_POM10, T_POM11)        0.000000            0.000000 

        CAPINVMAX_POM( T_POM10, T_POM12)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM1)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM2)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM3)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM4)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM5)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM6)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM7)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM8)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM11, T_POM9)        0.000000            0.000000 
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        CAPINVMAX_POM( T_POM11, T_POM10)        0.000000            0.000000 

        CAPINVMAX_POM( T_POM11, T_POM11)       0.8928571E-05        0.000000 

        CAPINVMAX_POM( T_POM11, T_POM12)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM1)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM2)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM3)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM4)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM5)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM6)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM7)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM8)        0.000000            0.000000 

         CAPINVMAX_POM( T_POM12, T_POM9)        0.000000            0.000000 

        CAPINVMAX_POM( T_POM12, T_POM10)        0.000000            0.000000 

        CAPINVMAX_POM( T_POM12, T_POM11)        0.000000            0.000000 

        CAPINVMAX_POM( T_POM12, T_POM12)       0.3571429E-05        0.000000 

                  E_POM( T_POM1, T_POM1)        506688.0            0.000000 

                  E_POM( T_POM1, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM1, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM1, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM1, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM1, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM1, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM1, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM1, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM1, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM1, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM1, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM2)        188160.0            0.000000 

                  E_POM( T_POM2, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM2, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM2, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM2, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM2, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM3)        100800.0            0.000000 

                  E_POM( T_POM3, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM3, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM3, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM3, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM3, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM4)        120960.0            0.000000 

                  E_POM( T_POM4, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM4, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM4, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM4, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM4, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM5)        268800.0            0.000000 
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                  E_POM( T_POM5, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM5, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM5, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM5, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM5, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM6)        460992.0            0.000000 

                  E_POM( T_POM6, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM6, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM6, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM6, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM6, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM7)        208992.0            0.000000 

                  E_POM( T_POM7, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM7, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM7, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM7, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM7, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM8, T_POM8)        196224.0            0.000000 

                  E_POM( T_POM8, T_POM9)        0.000000            0.000000 

                 E_POM( T_POM8, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM8, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM8, T_POM12)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM1)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM2)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM3)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM4)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM5)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM6)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM7)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM8)        0.000000            0.000000 

                  E_POM( T_POM9, T_POM9)        215040.0            0.000000 

                 E_POM( T_POM9, T_POM10)        0.000000            0.000000 

                 E_POM( T_POM9, T_POM11)        0.000000            0.000000 

                 E_POM( T_POM9, T_POM12)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM1)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM2)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM3)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM4)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM5)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM6)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM7)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM8)        0.000000            0.000000 

                 E_POM( T_POM10, T_POM9)        0.000000            0.000000 

                E_POM( T_POM10, T_POM10)        0.000000            0.000000 

                E_POM( T_POM10, T_POM11)        0.000000            0.000000 

                E_POM( T_POM10, T_POM12)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM1)        0.000000            0.000000 
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                 E_POM( T_POM11, T_POM2)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM3)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM4)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM5)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM6)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM7)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM8)        0.000000            0.000000 

                 E_POM( T_POM11, T_POM9)        0.000000            0.000000 

                E_POM( T_POM11, T_POM10)        0.000000            0.000000 

                E_POM( T_POM11, T_POM11)        235200.0            0.000000 

                E_POM( T_POM11, T_POM12)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM1)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM2)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM3)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM4)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM5)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM6)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM7)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM8)        0.000000            0.000000 

                 E_POM( T_POM12, T_POM9)        0.000000            0.000000 

                E_POM( T_POM12, T_POM10)        0.000000            0.000000 

                E_POM( T_POM12, T_POM11)        0.000000            0.000000 

                E_POM( T_POM12, T_POM12)        336000.0            0.000000 

                 CC_POM( T_POM1, T_POM1)        1200000.            0.000000 

                 CC_POM( T_POM1, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM1, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM1, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM1, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM1, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM1, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM1, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM1, T_POM9)        0.000000            0.000000 

                CC_POM( T_POM1, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM1, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM1, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM2)        225000.0            0.000000 

                 CC_POM( T_POM2, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM2, T_POM9)        0.000000            0.000000 

                CC_POM( T_POM2, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM2, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM2, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM3)        120000.0            0.000000 

                 CC_POM( T_POM3, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM3, T_POM9)        0.000000            0.000000 

                CC_POM( T_POM3, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM3, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM3, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM4)        150000.0            0.000000 

                 CC_POM( T_POM4, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM4, T_POM9)        0.000000            0.000000 
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                CC_POM( T_POM4, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM4, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM4, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM5)        180000.0            0.000000 

                 CC_POM( T_POM5, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM5, T_POM9)        0.000000            0.000000 

                CC_POM( T_POM5, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM5, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM5, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM6)        250000.0            0.000000 

                 CC_POM( T_POM6, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM6, T_POM9)        0.000000            0.000000 

                CC_POM( T_POM6, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM6, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM6, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM7)        180000.0            0.000000 

                 CC_POM( T_POM7, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM7, T_POM9)        0.000000            0.000000 

                CC_POM( T_POM7, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM7, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM7, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM8, T_POM8)        250000.0            0.000000 

                 CC_POM( T_POM8, T_POM9)        0.000000            0.000000 

                CC_POM( T_POM8, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM8, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM8, T_POM12)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM1)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM2)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM3)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM4)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM5)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM6)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM7)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM8)        0.000000            0.000000 

                 CC_POM( T_POM9, T_POM9)        150000.0            0.000000 

                CC_POM( T_POM9, T_POM10)        0.000000            0.000000 

                CC_POM( T_POM9, T_POM11)        0.000000            0.000000 

                CC_POM( T_POM9, T_POM12)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM1)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM2)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM3)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM4)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM5)        0.000000            0.000000 
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                CC_POM( T_POM10, T_POM6)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM7)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM8)        0.000000            0.000000 

                CC_POM( T_POM10, T_POM9)        0.000000            0.000000 

               CC_POM( T_POM10, T_POM10)        0.000000            0.000000 

               CC_POM( T_POM10, T_POM11)        0.000000            0.000000 

               CC_POM( T_POM10, T_POM12)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM1)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM2)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM3)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM4)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM5)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM6)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM7)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM8)        0.000000            0.000000 

                CC_POM( T_POM11, T_POM9)        0.000000            0.000000 

               CC_POM( T_POM11, T_POM10)        0.000000            0.000000 

               CC_POM( T_POM11, T_POM11)        390000.0            0.000000 

               CC_POM( T_POM11, T_POM12)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM1)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM2)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM3)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM4)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM5)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM6)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM7)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM8)        0.000000            0.000000 

                CC_POM( T_POM12, T_POM9)        0.000000            0.000000 

               CC_POM( T_POM12, T_POM10)        0.000000            0.000000 

               CC_POM( T_POM12, T_POM11)        0.000000            0.000000 

               CC_POM( T_POM12, T_POM12)        300000.0            0.000000 

                 OC_POM( T_POM1, T_POM1)        216000.0            0.000000 

                 OC_POM( T_POM1, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM1, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM1, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM1, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM1, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM1, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM1, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM1, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM1, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM1, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM1, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM1)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM2)        40500.00            0.000000 

                 OC_POM( T_POM2, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM2, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM2, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM2, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM2, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM1)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM3)        24000.00            0.000000 

                 OC_POM( T_POM3, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM3, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM3, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM3, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM3, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM4, T_POM1)        0.000000            0.000000 
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                 OC_POM( T_POM4, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM4, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM4, T_POM4)        18000.00            0.000000 

                 OC_POM( T_POM4, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM4, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM4, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM4, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM4, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM4, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM4, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM4, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM1)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM5)        43200.00            0.000000 

                 OC_POM( T_POM5, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM5, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM5, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM5, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM5, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM1)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM6)        30000.00            0.000000 

                 OC_POM( T_POM6, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM6, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM6, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM6, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM6, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM1)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM7)        43200.00            0.000000 

                 OC_POM( T_POM7, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM7, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM7, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM7, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM7, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM1)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM8, T_POM8)        15600.00            0.000000 

                 OC_POM( T_POM8, T_POM9)        0.000000            0.000000 

                OC_POM( T_POM8, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM8, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM8, T_POM12)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM1)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM2)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM3)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM4)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM5)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM6)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM7)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM8)        0.000000            0.000000 

                 OC_POM( T_POM9, T_POM9)        18000.00            0.000000 
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                OC_POM( T_POM9, T_POM10)        0.000000            0.000000 

                OC_POM( T_POM9, T_POM11)        0.000000            0.000000 

                OC_POM( T_POM9, T_POM12)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM1)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM2)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM3)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM4)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM5)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM6)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM7)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM8)        0.000000            0.000000 

                OC_POM( T_POM10, T_POM9)        0.000000            0.000000 

               OC_POM( T_POM10, T_POM10)        0.000000            0.000000 

               OC_POM( T_POM10, T_POM11)        0.000000            0.000000 

               OC_POM( T_POM10, T_POM12)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM1)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM2)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM3)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM4)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM5)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM6)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM7)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM8)        0.000000            0.000000 

                OC_POM( T_POM11, T_POM9)        0.000000            0.000000 

               OC_POM( T_POM11, T_POM10)        0.000000            0.000000 

               OC_POM( T_POM11, T_POM11)        66000.00            0.000000 

               OC_POM( T_POM11, T_POM12)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM1)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM2)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM3)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM4)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM5)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM6)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM7)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM8)        0.000000            0.000000 

                OC_POM( T_POM12, T_POM9)        0.000000            0.000000 

               OC_POM( T_POM12, T_POM10)        0.000000            0.000000 

               OC_POM( T_POM12, T_POM11)        0.000000            0.000000 

               OC_POM( T_POM12, T_POM12)        42000.00            0.000000 

             CAPINV_CHP( T_CHP1, T_CHP1)       0.1000000E-05        0.000000 

             CAPINV_CHP( T_CHP1, T_CHP2)        0.000000            0.000000 

             CAPINV_CHP( T_CHP1, T_CHP3)        0.000000            0.000000 

             CAPINV_CHP( T_CHP1, T_CHP4)        0.000000            0.000000 

             CAPINV_CHP( T_CHP1, T_CHP5)        0.000000            0.000000 

             CAPINV_CHP( T_CHP1, T_CHP6)        0.000000            0.000000 

             CAPINV_CHP( T_CHP2, T_CHP1)        0.000000            0.000000 

             CAPINV_CHP( T_CHP2, T_CHP2)       0.1000000E-05        0.000000 

             CAPINV_CHP( T_CHP2, T_CHP3)        0.000000            0.000000 

             CAPINV_CHP( T_CHP2, T_CHP4)        0.000000            0.000000 

             CAPINV_CHP( T_CHP2, T_CHP5)        0.000000            0.000000 

             CAPINV_CHP( T_CHP2, T_CHP6)        0.000000            0.000000 

             CAPINV_CHP( T_CHP3, T_CHP1)        0.000000            0.000000 

             CAPINV_CHP( T_CHP3, T_CHP2)        0.000000            0.000000 

             CAPINV_CHP( T_CHP3, T_CHP3)       0.5714286E-05        0.000000 

             CAPINV_CHP( T_CHP3, T_CHP4)        0.000000            0.000000 

             CAPINV_CHP( T_CHP3, T_CHP5)        0.000000            0.000000 

             CAPINV_CHP( T_CHP3, T_CHP6)        0.000000            0.000000 

             CAPINV_CHP( T_CHP4, T_CHP1)        0.000000            0.000000 

             CAPINV_CHP( T_CHP4, T_CHP2)        0.000000            0.000000 

             CAPINV_CHP( T_CHP4, T_CHP3)        0.000000            0.000000 

             CAPINV_CHP( T_CHP4, T_CHP4)       0.1428571E-06        0.000000 

             CAPINV_CHP( T_CHP4, T_CHP5)        0.000000            0.000000 

             CAPINV_CHP( T_CHP4, T_CHP6)        0.000000            0.000000 

             CAPINV_CHP( T_CHP5, T_CHP1)        0.000000            0.000000 

             CAPINV_CHP( T_CHP5, T_CHP2)        0.000000            0.000000 

             CAPINV_CHP( T_CHP5, T_CHP3)        0.000000            0.000000 

             CAPINV_CHP( T_CHP5, T_CHP4)        0.000000            0.000000 

             CAPINV_CHP( T_CHP5, T_CHP5)       0.2857143E-06        0.000000 
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             CAPINV_CHP( T_CHP5, T_CHP6)        0.000000            0.000000 

             CAPINV_CHP( T_CHP6, T_CHP1)        0.000000            0.000000 

             CAPINV_CHP( T_CHP6, T_CHP2)        0.000000            0.000000 

             CAPINV_CHP( T_CHP6, T_CHP3)        0.000000            0.000000 

             CAPINV_CHP( T_CHP6, T_CHP4)        0.000000            0.000000 

             CAPINV_CHP( T_CHP6, T_CHP5)        0.000000            0.000000 

             CAPINV_CHP( T_CHP6, T_CHP6)       0.2857143E-05        0.000000 

          CAPINVMAX_CHP( T_CHP1, T_CHP1)       0.1000000E-05        0.000000 

          CAPINVMAX_CHP( T_CHP1, T_CHP2)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP1, T_CHP3)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP1, T_CHP4)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP1, T_CHP5)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP1, T_CHP6)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP2, T_CHP1)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP2, T_CHP2)       0.1000000E-05        0.000000 

          CAPINVMAX_CHP( T_CHP2, T_CHP3)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP2, T_CHP4)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP2, T_CHP5)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP2, T_CHP6)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP3, T_CHP1)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP3, T_CHP2)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP3, T_CHP3)       0.5714286E-05        0.000000 

          CAPINVMAX_CHP( T_CHP3, T_CHP4)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP3, T_CHP5)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP3, T_CHP6)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP4, T_CHP1)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP4, T_CHP2)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP4, T_CHP3)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP4, T_CHP4)       0.1428571E-06        0.000000 

          CAPINVMAX_CHP( T_CHP4, T_CHP5)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP4, T_CHP6)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP5, T_CHP1)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP5, T_CHP2)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP5, T_CHP3)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP5, T_CHP4)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP5, T_CHP5)       0.1428571E-06        0.000000 

          CAPINVMAX_CHP( T_CHP5, T_CHP6)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP6, T_CHP1)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP6, T_CHP2)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP6, T_CHP3)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP6, T_CHP4)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP6, T_CHP5)        0.000000            0.000000 

          CAPINVMAX_CHP( T_CHP6, T_CHP6)       0.2857143E-05        0.000000 

                  E_CHP( T_CHP1, T_CHP1)        0.000000            0.000000 

                  E_CHP( T_CHP1, T_CHP2)        0.000000            0.000000 

                  E_CHP( T_CHP1, T_CHP3)        0.000000            0.000000 

                  E_CHP( T_CHP1, T_CHP4)        0.000000            0.000000 

                  E_CHP( T_CHP1, T_CHP5)        0.000000            0.000000 

                  E_CHP( T_CHP1, T_CHP6)        0.000000            0.000000 

                  E_CHP( T_CHP2, T_CHP1)        0.000000            0.000000 

                  E_CHP( T_CHP2, T_CHP2)        0.000000            0.000000 

                  E_CHP( T_CHP2, T_CHP3)        0.000000            0.000000 

                  E_CHP( T_CHP2, T_CHP4)        0.000000            0.000000 

                  E_CHP( T_CHP2, T_CHP5)        0.000000            0.000000 

                  E_CHP( T_CHP2, T_CHP6)        0.000000            0.000000 

                  E_CHP( T_CHP3, T_CHP1)        0.000000            0.000000 

                  E_CHP( T_CHP3, T_CHP2)        0.000000            0.000000 

                  E_CHP( T_CHP3, T_CHP3)        0.000000            0.000000 

                  E_CHP( T_CHP3, T_CHP4)        0.000000            0.000000 

                  E_CHP( T_CHP3, T_CHP5)        0.000000            0.000000 

                  E_CHP( T_CHP3, T_CHP6)        0.000000            0.000000 

                  E_CHP( T_CHP4, T_CHP1)        0.000000            0.000000 

                  E_CHP( T_CHP4, T_CHP2)        0.000000            0.000000 

                  E_CHP( T_CHP4, T_CHP3)        0.000000            0.000000 

                  E_CHP( T_CHP4, T_CHP4)        0.000000            0.000000 

                  E_CHP( T_CHP4, T_CHP5)        0.000000            0.000000 

                  E_CHP( T_CHP4, T_CHP6)        0.000000            0.000000 

                  E_CHP( T_CHP5, T_CHP1)        0.000000            0.000000 
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                  E_CHP( T_CHP5, T_CHP2)        0.000000            0.000000 

                  E_CHP( T_CHP5, T_CHP3)        0.000000            0.000000 

                  E_CHP( T_CHP5, T_CHP4)        0.000000            0.000000 

                  E_CHP( T_CHP5, T_CHP5)        0.000000            0.000000 

                  E_CHP( T_CHP5, T_CHP6)        0.000000            0.000000 

                  E_CHP( T_CHP6, T_CHP1)        0.000000            0.000000 

                  E_CHP( T_CHP6, T_CHP2)        0.000000            0.000000 

                  E_CHP( T_CHP6, T_CHP3)        0.000000            0.000000 

                  E_CHP( T_CHP6, T_CHP4)        0.000000            0.000000 

                  E_CHP( T_CHP6, T_CHP5)        0.000000            0.000000 

                  E_CHP( T_CHP6, T_CHP6)        0.000000            0.000000 

                 CC_CHP( T_CHP1, T_CHP1)        0.000000            0.000000 

                 CC_CHP( T_CHP1, T_CHP2)        0.000000            0.000000 

                 CC_CHP( T_CHP1, T_CHP3)        0.000000            0.000000 

                 CC_CHP( T_CHP1, T_CHP4)        0.000000            0.000000 

                 CC_CHP( T_CHP1, T_CHP5)        0.000000            0.000000 

                 CC_CHP( T_CHP1, T_CHP6)        0.000000            0.000000 

                 CC_CHP( T_CHP2, T_CHP1)        0.000000            0.000000 

                 CC_CHP( T_CHP2, T_CHP2)        0.000000            0.000000 

                 CC_CHP( T_CHP2, T_CHP3)        0.000000            0.000000 

                 CC_CHP( T_CHP2, T_CHP4)        0.000000            0.000000 

                 CC_CHP( T_CHP2, T_CHP5)        0.000000            0.000000 

                 CC_CHP( T_CHP2, T_CHP6)        0.000000            0.000000 

                 CC_CHP( T_CHP3, T_CHP1)        0.000000            0.000000 

                 CC_CHP( T_CHP3, T_CHP2)        0.000000            0.000000 

                 CC_CHP( T_CHP3, T_CHP3)        2000000.            0.000000 

                 CC_CHP( T_CHP3, T_CHP4)        0.000000            0.000000 

                 CC_CHP( T_CHP3, T_CHP5)        0.000000            0.000000 

                 CC_CHP( T_CHP3, T_CHP6)        0.000000            0.000000 

                 CC_CHP( T_CHP4, T_CHP1)        0.000000            0.000000 

                 CC_CHP( T_CHP4, T_CHP2)        0.000000            0.000000 

                 CC_CHP( T_CHP4, T_CHP3)        0.000000            0.000000 

                 CC_CHP( T_CHP4, T_CHP4)        830000.0            0.000000 

                 CC_CHP( T_CHP4, T_CHP5)        0.000000            0.000000 

                 CC_CHP( T_CHP4, T_CHP6)        0.000000            0.000000 

                 CC_CHP( T_CHP5, T_CHP1)        0.000000            0.000000 

                 CC_CHP( T_CHP5, T_CHP2)        0.000000            0.000000 

                 CC_CHP( T_CHP5, T_CHP3)        0.000000            0.000000 

                 CC_CHP( T_CHP5, T_CHP4)        0.000000            0.000000 

                 CC_CHP( T_CHP5, T_CHP5)        610000.0            0.000000 

                 CC_CHP( T_CHP5, T_CHP6)        0.000000            0.000000 

                 CC_CHP( T_CHP6, T_CHP1)        0.000000            0.000000 

                 CC_CHP( T_CHP6, T_CHP2)        0.000000            0.000000 

                 CC_CHP( T_CHP6, T_CHP3)        0.000000            0.000000 

                 CC_CHP( T_CHP6, T_CHP4)        0.000000            0.000000 

                 CC_CHP( T_CHP6, T_CHP5)        0.000000            0.000000 

                 CC_CHP( T_CHP6, T_CHP6)        700000.0            0.000000 

                 OC_CHP( T_CHP1, T_CHP1)        0.000000            0.000000 

                 OC_CHP( T_CHP1, T_CHP2)        0.000000            0.000000 

                 OC_CHP( T_CHP1, T_CHP3)        0.000000            0.000000 

                 OC_CHP( T_CHP1, T_CHP4)        0.000000            0.000000 

                 OC_CHP( T_CHP1, T_CHP5)        0.000000            0.000000 

                 OC_CHP( T_CHP1, T_CHP6)        0.000000            0.000000 

                 OC_CHP( T_CHP2, T_CHP1)        0.000000            0.000000 

                 OC_CHP( T_CHP2, T_CHP2)        0.000000            0.000000 

                 OC_CHP( T_CHP2, T_CHP3)        0.000000            0.000000 

                 OC_CHP( T_CHP2, T_CHP4)        0.000000            0.000000 

                 OC_CHP( T_CHP2, T_CHP5)        0.000000            0.000000 

                 OC_CHP( T_CHP2, T_CHP6)        0.000000            0.000000 

                 OC_CHP( T_CHP3, T_CHP1)        0.000000            0.000000 

                 OC_CHP( T_CHP3, T_CHP2)        0.000000            0.000000 

                 OC_CHP( T_CHP3, T_CHP3)        96000.00            0.000000 

                 OC_CHP( T_CHP3, T_CHP4)        0.000000            0.000000 

                 OC_CHP( T_CHP3, T_CHP5)        0.000000            0.000000 

                 OC_CHP( T_CHP3, T_CHP6)        0.000000            0.000000 

                 OC_CHP( T_CHP4, T_CHP1)        0.000000            0.000000 

                 OC_CHP( T_CHP4, T_CHP2)        0.000000            0.000000 

                 OC_CHP( T_CHP4, T_CHP3)        0.000000            0.000000 
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                 OC_CHP( T_CHP4, T_CHP4)        19920.00            0.000000 

                 OC_CHP( T_CHP4, T_CHP5)        0.000000            0.000000 

                 OC_CHP( T_CHP4, T_CHP6)        0.000000            0.000000 

                 OC_CHP( T_CHP5, T_CHP1)        0.000000            0.000000 

                 OC_CHP( T_CHP5, T_CHP2)        0.000000            0.000000 

                 OC_CHP( T_CHP5, T_CHP3)        0.000000            0.000000 

                 OC_CHP( T_CHP5, T_CHP4)        0.000000            0.000000 

                 OC_CHP( T_CHP5, T_CHP5)        14640.00            0.000000 

                 OC_CHP( T_CHP5, T_CHP6)        0.000000            0.000000 

                 OC_CHP( T_CHP6, T_CHP1)        0.000000            0.000000 

                 OC_CHP( T_CHP6, T_CHP2)        0.000000            0.000000 

                 OC_CHP( T_CHP6, T_CHP3)        0.000000            0.000000 

                 OC_CHP( T_CHP6, T_CHP4)        0.000000            0.000000 

                 OC_CHP( T_CHP6, T_CHP5)        0.000000            0.000000 

                 OC_CHP( T_CHP6, T_CHP6)        50400.00            0.000000 

          CAPINV_IBWT( T_IBWT1, T_IBWT1)       0.5714286E-05        0.000000 

          CAPINV_IBWT( T_IBWT1, T_IBWT2)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT1, T_IBWT3)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT1, T_IBWT4)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT1, T_IBWT5)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT1, T_IBWT6)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT1, T_IBWT7)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT2, T_IBWT1)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT2, T_IBWT2)       0.3750000E-05        0.000000 

          CAPINV_IBWT( T_IBWT2, T_IBWT3)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT2, T_IBWT4)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT2, T_IBWT5)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT2, T_IBWT6)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT2, T_IBWT7)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT3, T_IBWT1)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT3, T_IBWT2)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT3, T_IBWT3)       0.3913043E-05        0.000000 

          CAPINV_IBWT( T_IBWT3, T_IBWT4)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT3, T_IBWT5)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT3, T_IBWT6)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT3, T_IBWT7)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT4, T_IBWT1)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT4, T_IBWT2)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT4, T_IBWT3)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT4, T_IBWT4)       0.4032258E-06        0.000000 

          CAPINV_IBWT( T_IBWT4, T_IBWT5)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT4, T_IBWT6)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT4, T_IBWT7)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT5, T_IBWT1)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT5, T_IBWT2)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT5, T_IBWT3)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT5, T_IBWT4)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT5, T_IBWT5)       0.1250000E-06        0.000000 

          CAPINV_IBWT( T_IBWT5, T_IBWT6)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT5, T_IBWT7)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT6, T_IBWT1)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT6, T_IBWT2)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT6, T_IBWT3)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT6, T_IBWT4)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT6, T_IBWT5)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT6, T_IBWT6)       0.3823529E-05        0.000000 

          CAPINV_IBWT( T_IBWT6, T_IBWT7)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT7, T_IBWT1)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT7, T_IBWT2)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT7, T_IBWT3)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT7, T_IBWT4)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT7, T_IBWT5)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT7, T_IBWT6)        0.000000            0.000000 

          CAPINV_IBWT( T_IBWT7, T_IBWT7)       0.4166667E-05        0.000000 

       CAPINVMAX_IBWT( T_IBWT1, T_IBWT1)       0.2857143E-05        0.000000 

       CAPINVMAX_IBWT( T_IBWT1, T_IBWT2)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT1, T_IBWT3)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT1, T_IBWT4)        0.000000            0.000000 
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       CAPINVMAX_IBWT( T_IBWT1, T_IBWT5)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT1, T_IBWT6)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT1, T_IBWT7)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT2, T_IBWT1)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT2, T_IBWT2)       0.3750000E-05        0.000000 

       CAPINVMAX_IBWT( T_IBWT2, T_IBWT3)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT2, T_IBWT4)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT2, T_IBWT5)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT2, T_IBWT6)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT2, T_IBWT7)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT3, T_IBWT1)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT3, T_IBWT2)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT3, T_IBWT3)       0.3913043E-05        0.000000 

       CAPINVMAX_IBWT( T_IBWT3, T_IBWT4)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT3, T_IBWT5)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT3, T_IBWT6)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT3, T_IBWT7)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT4, T_IBWT1)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT4, T_IBWT2)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT4, T_IBWT3)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT4, T_IBWT4)       0.1008065E-06        0.000000 

       CAPINVMAX_IBWT( T_IBWT4, T_IBWT5)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT4, T_IBWT6)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT4, T_IBWT7)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT5, T_IBWT1)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT5, T_IBWT2)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT5, T_IBWT3)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT5, T_IBWT4)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT5, T_IBWT5)       0.4166667E-07        0.000000 

       CAPINVMAX_IBWT( T_IBWT5, T_IBWT6)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT5, T_IBWT7)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT6, T_IBWT1)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT6, T_IBWT2)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT6, T_IBWT3)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT6, T_IBWT4)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT6, T_IBWT5)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT6, T_IBWT6)       0.3823529E-05        0.000000 

       CAPINVMAX_IBWT( T_IBWT6, T_IBWT7)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT7, T_IBWT1)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT7, T_IBWT2)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT7, T_IBWT3)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT7, T_IBWT4)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT7, T_IBWT5)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT7, T_IBWT6)        0.000000            0.000000 

       CAPINVMAX_IBWT( T_IBWT7, T_IBWT7)       0.4166667E-05        0.000000 

               E_IBWT( T_IBWT1, T_IBWT1)        36960.00            0.000000 

               E_IBWT( T_IBWT1, T_IBWT2)        0.000000            0.000000 

               E_IBWT( T_IBWT1, T_IBWT3)        0.000000            0.000000 

               E_IBWT( T_IBWT1, T_IBWT4)        0.000000            0.000000 

               E_IBWT( T_IBWT1, T_IBWT5)        0.000000            0.000000 

               E_IBWT( T_IBWT1, T_IBWT6)        0.000000            0.000000 

               E_IBWT( T_IBWT1, T_IBWT7)        0.000000            0.000000 

               E_IBWT( T_IBWT2, T_IBWT1)        0.000000            0.000000 

               E_IBWT( T_IBWT2, T_IBWT2)        48000.00            0.000000 

               E_IBWT( T_IBWT2, T_IBWT3)        0.000000            0.000000 

               E_IBWT( T_IBWT2, T_IBWT4)        0.000000            0.000000 

               E_IBWT( T_IBWT2, T_IBWT5)        0.000000            0.000000 

               E_IBWT( T_IBWT2, T_IBWT6)        0.000000            0.000000 

               E_IBWT( T_IBWT2, T_IBWT7)        0.000000            0.000000 

               E_IBWT( T_IBWT3, T_IBWT1)        0.000000            0.000000 

               E_IBWT( T_IBWT3, T_IBWT2)        0.000000            0.000000 

               E_IBWT( T_IBWT3, T_IBWT3)        192000.0            0.000000 

               E_IBWT( T_IBWT3, T_IBWT4)        0.000000            0.000000 

               E_IBWT( T_IBWT3, T_IBWT5)        0.000000            0.000000 

               E_IBWT( T_IBWT3, T_IBWT6)        0.000000            0.000000 

               E_IBWT( T_IBWT3, T_IBWT7)        0.000000            0.000000 

               E_IBWT( T_IBWT4, T_IBWT1)        0.000000            0.000000 

               E_IBWT( T_IBWT4, T_IBWT2)        0.000000            0.000000 
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               E_IBWT( T_IBWT4, T_IBWT3)        0.000000            0.000000 

               E_IBWT( T_IBWT4, T_IBWT4)        96000.00            0.000000 

               E_IBWT( T_IBWT4, T_IBWT5)        0.000000            0.000000 

               E_IBWT( T_IBWT4, T_IBWT6)        0.000000            0.000000 

               E_IBWT( T_IBWT4, T_IBWT7)        0.000000            0.000000 

               E_IBWT( T_IBWT5, T_IBWT1)        0.000000            0.000000 

               E_IBWT( T_IBWT5, T_IBWT2)        0.000000            0.000000 

               E_IBWT( T_IBWT5, T_IBWT3)        0.000000            0.000000 

               E_IBWT( T_IBWT5, T_IBWT4)        0.000000            0.000000 

               E_IBWT( T_IBWT5, T_IBWT5)        0.000000            0.000000 

               E_IBWT( T_IBWT5, T_IBWT6)        0.000000            0.000000 

               E_IBWT( T_IBWT5, T_IBWT7)        0.000000            0.000000 

               E_IBWT( T_IBWT6, T_IBWT1)        0.000000            0.000000 

               E_IBWT( T_IBWT6, T_IBWT2)        0.000000            0.000000 

               E_IBWT( T_IBWT6, T_IBWT3)        0.000000            0.000000 

               E_IBWT( T_IBWT6, T_IBWT4)        0.000000            0.000000 

               E_IBWT( T_IBWT6, T_IBWT5)        0.000000            0.000000 

               E_IBWT( T_IBWT6, T_IBWT6)        288000.0            0.000000 

               E_IBWT( T_IBWT6, T_IBWT7)        0.000000            0.000000 

               E_IBWT( T_IBWT7, T_IBWT1)        0.000000            0.000000 

               E_IBWT( T_IBWT7, T_IBWT2)        0.000000            0.000000 

               E_IBWT( T_IBWT7, T_IBWT3)        0.000000            0.000000 

               E_IBWT( T_IBWT7, T_IBWT4)        0.000000            0.000000 

               E_IBWT( T_IBWT7, T_IBWT5)        0.000000            0.000000 

               E_IBWT( T_IBWT7, T_IBWT6)        0.000000            0.000000 

               E_IBWT( T_IBWT7, T_IBWT7)        104000.0            0.000000 

              CC_IBWT( T_IBWT1, T_IBWT1)        25000.00            0.000000 

              CC_IBWT( T_IBWT1, T_IBWT2)        0.000000            0.000000 

              CC_IBWT( T_IBWT1, T_IBWT3)        0.000000            0.000000 

              CC_IBWT( T_IBWT1, T_IBWT4)        0.000000            0.000000 

              CC_IBWT( T_IBWT1, T_IBWT5)        0.000000            0.000000 

              CC_IBWT( T_IBWT1, T_IBWT6)        0.000000            0.000000 

              CC_IBWT( T_IBWT1, T_IBWT7)        0.000000            0.000000 

              CC_IBWT( T_IBWT2, T_IBWT1)        0.000000            0.000000 

              CC_IBWT( T_IBWT2, T_IBWT2)        50000.00            0.000000 

              CC_IBWT( T_IBWT2, T_IBWT3)        0.000000            0.000000 

              CC_IBWT( T_IBWT2, T_IBWT4)        0.000000            0.000000 

              CC_IBWT( T_IBWT2, T_IBWT5)        0.000000            0.000000 

              CC_IBWT( T_IBWT2, T_IBWT6)        0.000000            0.000000 

              CC_IBWT( T_IBWT2, T_IBWT7)        0.000000            0.000000 

              CC_IBWT( T_IBWT3, T_IBWT1)        0.000000            0.000000 

              CC_IBWT( T_IBWT3, T_IBWT2)        0.000000            0.000000 

              CC_IBWT( T_IBWT3, T_IBWT3)        460000.0            0.000000 

              CC_IBWT( T_IBWT3, T_IBWT4)        0.000000            0.000000 

              CC_IBWT( T_IBWT3, T_IBWT5)        0.000000            0.000000 

              CC_IBWT( T_IBWT3, T_IBWT6)        0.000000            0.000000 

              CC_IBWT( T_IBWT3, T_IBWT7)        0.000000            0.000000 

              CC_IBWT( T_IBWT4, T_IBWT1)        0.000000            0.000000 

              CC_IBWT( T_IBWT4, T_IBWT2)        0.000000            0.000000 

              CC_IBWT( T_IBWT4, T_IBWT3)        0.000000            0.000000 

              CC_IBWT( T_IBWT4, T_IBWT4)        200000.0            0.000000 

              CC_IBWT( T_IBWT4, T_IBWT5)        0.000000            0.000000 

              CC_IBWT( T_IBWT4, T_IBWT6)        0.000000            0.000000 

              CC_IBWT( T_IBWT4, T_IBWT7)        0.000000            0.000000 

              CC_IBWT( T_IBWT5, T_IBWT1)        0.000000            0.000000 

              CC_IBWT( T_IBWT5, T_IBWT2)        0.000000            0.000000 

              CC_IBWT( T_IBWT5, T_IBWT3)        0.000000            0.000000 

              CC_IBWT( T_IBWT5, T_IBWT4)        0.000000            0.000000 

              CC_IBWT( T_IBWT5, T_IBWT5)        315000.0            0.000000 

              CC_IBWT( T_IBWT5, T_IBWT6)        0.000000            0.000000 

              CC_IBWT( T_IBWT5, T_IBWT7)        0.000000            0.000000 

              CC_IBWT( T_IBWT6, T_IBWT1)        0.000000            0.000000 

              CC_IBWT( T_IBWT6, T_IBWT2)        0.000000            0.000000 

              CC_IBWT( T_IBWT6, T_IBWT3)        0.000000            0.000000 

              CC_IBWT( T_IBWT6, T_IBWT4)        0.000000            0.000000 

              CC_IBWT( T_IBWT6, T_IBWT5)        0.000000            0.000000 

              CC_IBWT( T_IBWT6, T_IBWT6)        530000.0            0.000000 

              CC_IBWT( T_IBWT6, T_IBWT7)        0.000000            0.000000 
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              CC_IBWT( T_IBWT7, T_IBWT1)        0.000000            0.000000 

              CC_IBWT( T_IBWT7, T_IBWT2)        0.000000            0.000000 

              CC_IBWT( T_IBWT7, T_IBWT3)        0.000000            0.000000 

              CC_IBWT( T_IBWT7, T_IBWT4)        0.000000            0.000000 

              CC_IBWT( T_IBWT7, T_IBWT5)        0.000000            0.000000 

              CC_IBWT( T_IBWT7, T_IBWT6)        0.000000            0.000000 

              CC_IBWT( T_IBWT7, T_IBWT7)        100000.0            0.000000 

              OC_IBWT( T_IBWT1, T_IBWT1)        3000.000            0.000000 

              OC_IBWT( T_IBWT1, T_IBWT2)        0.000000            0.000000 

              OC_IBWT( T_IBWT1, T_IBWT3)        0.000000            0.000000 

              OC_IBWT( T_IBWT1, T_IBWT4)        0.000000            0.000000 

              OC_IBWT( T_IBWT1, T_IBWT5)        0.000000            0.000000 

              OC_IBWT( T_IBWT1, T_IBWT6)        0.000000            0.000000 

              OC_IBWT( T_IBWT1, T_IBWT7)        0.000000            0.000000 

              OC_IBWT( T_IBWT2, T_IBWT1)        0.000000            0.000000 

              OC_IBWT( T_IBWT2, T_IBWT2)        5000.000            0.000000 

              OC_IBWT( T_IBWT2, T_IBWT3)        0.000000            0.000000 

              OC_IBWT( T_IBWT2, T_IBWT4)        0.000000            0.000000 

              OC_IBWT( T_IBWT2, T_IBWT5)        0.000000            0.000000 

              OC_IBWT( T_IBWT2, T_IBWT6)        0.000000            0.000000 

              OC_IBWT( T_IBWT2, T_IBWT7)        0.000000            0.000000 

              OC_IBWT( T_IBWT3, T_IBWT1)        0.000000            0.000000 

              OC_IBWT( T_IBWT3, T_IBWT2)        0.000000            0.000000 

              OC_IBWT( T_IBWT3, T_IBWT3)        209300.0            0.000000 

              OC_IBWT( T_IBWT3, T_IBWT4)        0.000000            0.000000 

              OC_IBWT( T_IBWT3, T_IBWT5)        0.000000            0.000000 

              OC_IBWT( T_IBWT3, T_IBWT6)        0.000000            0.000000 

              OC_IBWT( T_IBWT3, T_IBWT7)        0.000000            0.000000 

              OC_IBWT( T_IBWT4, T_IBWT1)        0.000000            0.000000 

              OC_IBWT( T_IBWT4, T_IBWT2)        0.000000            0.000000 

              OC_IBWT( T_IBWT4, T_IBWT3)        0.000000            0.000000 

              OC_IBWT( T_IBWT4, T_IBWT4)        24000.00            0.000000 

              OC_IBWT( T_IBWT4, T_IBWT5)        0.000000            0.000000 

              OC_IBWT( T_IBWT4, T_IBWT6)        0.000000            0.000000 

              OC_IBWT( T_IBWT4, T_IBWT7)        0.000000            0.000000 

              OC_IBWT( T_IBWT5, T_IBWT1)        0.000000            0.000000 

              OC_IBWT( T_IBWT5, T_IBWT2)        0.000000            0.000000 

              OC_IBWT( T_IBWT5, T_IBWT3)        0.000000            0.000000 

              OC_IBWT( T_IBWT5, T_IBWT4)        0.000000            0.000000 

              OC_IBWT( T_IBWT5, T_IBWT5)        25200.00            0.000000 

              OC_IBWT( T_IBWT5, T_IBWT6)        0.000000            0.000000 

              OC_IBWT( T_IBWT5, T_IBWT7)        0.000000            0.000000 

              OC_IBWT( T_IBWT6, T_IBWT1)        0.000000            0.000000 

              OC_IBWT( T_IBWT6, T_IBWT2)        0.000000            0.000000 

              OC_IBWT( T_IBWT6, T_IBWT3)        0.000000            0.000000 

              OC_IBWT( T_IBWT6, T_IBWT4)        0.000000            0.000000 

              OC_IBWT( T_IBWT6, T_IBWT5)        0.000000            0.000000 

              OC_IBWT( T_IBWT6, T_IBWT6)        26500.00            0.000000 

              OC_IBWT( T_IBWT6, T_IBWT7)        0.000000            0.000000 

              OC_IBWT( T_IBWT7, T_IBWT1)        0.000000            0.000000 

              OC_IBWT( T_IBWT7, T_IBWT2)        0.000000            0.000000 

              OC_IBWT( T_IBWT7, T_IBWT3)        0.000000            0.000000 

              OC_IBWT( T_IBWT7, T_IBWT4)        0.000000            0.000000 

              OC_IBWT( T_IBWT7, T_IBWT5)        0.000000            0.000000 

              OC_IBWT( T_IBWT7, T_IBWT6)        0.000000            0.000000 

              OC_IBWT( T_IBWT7, T_IBWT7)        5000.000            0.000000 

             CAPINV_POB( T_POB1, T_POB1)       0.1285714E-04        0.000000 

             CAPINV_POB( T_POB1, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB1, T_POB3)        0.000000            0.000000 

             CAPINV_POB( T_POB1, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB1, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB1, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB1, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB1, T_POB8)        0.000000            0.000000 

             CAPINV_POB( T_POB1, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB2, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB2, T_POB2)       0.7142857E-04        0.000000 

             CAPINV_POB( T_POB2, T_POB3)        0.000000            0.000000 
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             CAPINV_POB( T_POB2, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB2, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB2, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB2, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB2, T_POB8)        0.000000            0.000000 

             CAPINV_POB( T_POB2, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB3)       0.7142857E-04        0.000000 

             CAPINV_POB( T_POB3, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB8)        0.000000            0.000000 

             CAPINV_POB( T_POB3, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB3)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB4)       0.4761905E-04        0.000000 

             CAPINV_POB( T_POB4, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB8)        0.000000            0.000000 

             CAPINV_POB( T_POB4, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB3)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB5)       0.1428571E-03        0.000000 

             CAPINV_POB( T_POB5, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB8)        0.000000            0.000000 

             CAPINV_POB( T_POB5, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB3)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB6)       0.7142857E-04        0.000000 

             CAPINV_POB( T_POB6, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB8)        0.000000            0.000000 

             CAPINV_POB( T_POB6, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB3)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB7)       0.1000000E-05        0.000000 

             CAPINV_POB( T_POB7, T_POB8)        0.000000            0.000000 

             CAPINV_POB( T_POB7, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB3)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB8, T_POB8)       0.1428571E-03        0.000000 

             CAPINV_POB( T_POB8, T_POB9)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB1)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB2)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB3)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB4)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB5)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB6)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB7)        0.000000            0.000000 

             CAPINV_POB( T_POB9, T_POB8)        0.000000            0.000000 
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             CAPINV_POB( T_POB9, T_POB9)       0.1190476E-03        0.000000 

          CAPINVMAX_POB( T_POB1, T_POB1)       0.1285714E-04        0.000000 

          CAPINVMAX_POB( T_POB1, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB1, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB1, T_POB4)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB1, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB1, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB1, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB1, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB1, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB2)       0.3571429E-04        0.000000 

          CAPINVMAX_POB( T_POB2, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB4)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB2, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB3)       0.7142857E-04        0.000000 

          CAPINVMAX_POB( T_POB3, T_POB4)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB3, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB4)       0.2380952E-04        0.000000 

          CAPINVMAX_POB( T_POB4, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB4, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB4)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB5)       0.7142857E-04        0.000000 

          CAPINVMAX_POB( T_POB5, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB5, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB4)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB6)       0.1785714E-04        0.000000 

          CAPINVMAX_POB( T_POB6, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB6, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB4)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB7)       0.1000000E-05        0.000000 

          CAPINVMAX_POB( T_POB7, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB7, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB8, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB8, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB8, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB8, T_POB4)        0.000000            0.000000 
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          CAPINVMAX_POB( T_POB8, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB8, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB8, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB8, T_POB8)       0.2857143E-04        0.000000 

          CAPINVMAX_POB( T_POB8, T_POB9)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB1)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB2)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB3)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB4)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB5)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB6)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB7)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB8)        0.000000            0.000000 

          CAPINVMAX_POB( T_POB9, T_POB9)       0.1190476E-03        0.000000 

                  E_POB( T_POB1, T_POB1)        40320.00            0.000000 

                  E_POB( T_POB1, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB1, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB1, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB1, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB1, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB1, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB1, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB1, T_POB9)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB2)        235200.0            0.000000 

                  E_POB( T_POB2, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB2, T_POB9)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB3)        100800.0            0.000000 

                  E_POB( T_POB3, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB3, T_POB9)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB4)        80640.00            0.000000 

                  E_POB( T_POB4, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB4, T_POB9)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB5)        2016000.            0.000000 

                  E_POB( T_POB5, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB5, T_POB9)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB6)        336000.0            0.000000 

                  E_POB( T_POB6, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB6, T_POB9)        0.000000            0.000000 
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                  E_POB( T_POB7, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB7, T_POB9)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB8, T_POB9)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB1)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB2)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB3)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB4)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB5)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB6)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB7)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB8)        0.000000            0.000000 

                  E_POB( T_POB9, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB1)        20000.00            0.000000 

                 CC_POB( T_POB1, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB1, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB2)        50000.00            0.000000 

                 CC_POB( T_POB2, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB2, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB3)        30000.00            0.000000 

                 CC_POB( T_POB3, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB3, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB4)        20000.00            0.000000 

                 CC_POB( T_POB4, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB4, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB5)        550000.0            0.000000 
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                 CC_POB( T_POB5, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB5, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB6)        20000.00            0.000000 

                 CC_POB( T_POB6, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB6, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB7, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB8, T_POB8)        400000.0            0.000000 

                 CC_POB( T_POB8, T_POB9)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB1)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB2)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB3)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB4)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB5)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB6)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB7)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB8)        0.000000            0.000000 

                 CC_POB( T_POB9, T_POB9)        450000.0            0.000000 

                 OC_POB( T_POB1, T_POB1)        3120.000            0.000000 

                 OC_POB( T_POB1, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB1, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB1, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB1, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB1, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB1, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB1, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB1, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB1)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB2)        4200.000            0.000000 

                 OC_POB( T_POB2, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB2, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB1)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB3)        8400.000            0.000000 

                 OC_POB( T_POB3, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB3, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB4, T_POB1)        0.000000            0.000000 
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                 OC_POB( T_POB4, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB4, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB4, T_POB4)        6000.000            0.000000 

                 OC_POB( T_POB4, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB4, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB4, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB4, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB4, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB1)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB5)        246400.0            0.000000 

                 OC_POB( T_POB5, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB5, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB1)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB6)        12000.00            0.000000 

                 OC_POB( T_POB6, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB6, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB1)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB7, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB1)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB8, T_POB8)        250000.0            0.000000 

                 OC_POB( T_POB8, T_POB9)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB1)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB2)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB3)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB4)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB5)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB6)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB7)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB8)        0.000000            0.000000 

                 OC_POB( T_POB9, T_POB9)        336000.0            0.000000 

 

A.2.6. Chapter 8 

A.2.6.1. Scenario 1 (Lingo Codes) 

SETS: 

M /M1 ..M30 /: Ytot, Yu, Yl, Cm; 

PC/PC1..PC20/: Xtot, Xu, Xl, CC, OC; 

LINK (M,PC) : A_POVC; 
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ENDSETS 

 

!CONSTRAINT; 

@FOR(M(I): @SUM(PC(J) : A_POVC(I,J) * (Xtot(J))) = Ytot(I)); 

@FOR(M(I): @FREE(Ytot(I))); 

 

@FOR(M(I): Ytot(I) <= Yu(I); 

  Ytot(I) >= Yl(I)); 

 

@FOR(PC(J): Xtot(J) <= Xu(J); 

   Xtot(J) >= Xl(J)); 

 

@SUM(PC(J): CC(J)) * 0.09634228 = TAC; 

@SUM(PC(J): OC(J)) = OPEX; 

 

!SUPERSTRUCTURE; 

!M2(NPK); 

@FOR(M(I)|I#EQ#2: -Ytot = Wm2p1);  !|ym| = Wm,p; 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_21 = Wm2pc1); !|xf*am,pc| = Wm,pc; 

@FOR(PC(J)|J#EQ#2: Xtot * -a_22 = Wm2pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_23 = Wm2pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_24 = Wm2pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_25 = Wm2pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_26 = Wm2pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_27 = Wm2pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_28 = Wm2pc8); 

 

Wm2p1 = Wm2p1pc1 + Wm2p1pc2 + Wm2p1pc3 + Wm2p1pc4 + Wm2p1pc5 + Wm2p1pc6 + Wm2p1pc7 

+ Wm2p1pc8; !Wm,p = SUM(Wm,p,pc)+SUM(Wm,pc,p); 

 

Wm2pc1 = Wm2p1pc1; !Wm,pc = SUM(Wm,p,pc)+SUM(Wm,pc,pc)+SUM(Wm,pc,p); 

Wm2pc2 = Wm2p1pc2; 

Wm2pc3 = Wm2p1pc3; 

Wm2pc4 = Wm2p1pc4; 

Wm2pc5 = Wm2p1pc5; 

Wm2pc6 = Wm2p1pc6; 

Wm2pc7 = Wm2p1pc7; 

Wm2pc8 = Wm2p1pc8; 

 

TRCm2p1pc1 = Wm2p1pc1 * (0.1 * d_1p + 0.5); !TRCm,p,pc = Wm,p,pc * (0.1 * dp,pc 

+ 0.5); 

TRCm2p1pc2 = Wm2p1pc2 * (0.1 * d_2p + 0.5); 

TRCm2p1pc3 = Wm2p1pc3 * (0.1 * d_3p + 0.5); 

TRCm2p1pc4 = Wm2p1pc4 * (0.1 * d_4p + 0.5); 

TRCm2p1pc5 = Wm2p1pc5 * (0.1 * d_5p + 0.5); 

TRCm2p1pc6 = Wm2p1pc6 * (0.1 * d_6p + 0.5); 

TRCm2p1pc7 = Wm2p1pc7 * (0.1 * d_7p + 0.5); 

TRCm2p1pc8 = Wm2p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm2p1pc1 = Wm2p1pc1 * f_CO2 * d_1p; !GHGm,p,pc = Wm,p,pc * f_CO2 * dp,pc; 

GHGm2p1pc2 = Wm2p1pc2 * f_CO2 * d_2p; 

GHGm2p1pc3 = Wm2p1pc3 * f_CO2 * d_3p; 

GHGm2p1pc4 = Wm2p1pc4 * f_CO2 * d_4p; 

GHGm2p1pc5 = Wm2p1pc5 * f_CO2 * d_5p; 

GHGm2p1pc6 = Wm2p1pc6 * f_CO2 * d_6p; 

GHGm2p1pc7 = Wm2p1pc7 * f_CO2 * d_7p; 

GHGm2p1pc8 = Wm2p1pc8 * f_CO2 * d_8p; 

 

!M3(UREA); 

@FOR(M(I)|I#EQ#3: -Ytot = Wm3p1);   

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_31 = Wm3pc1);  

@FOR(PC(J)|J#EQ#2: Xtot * -a_32 = Wm3pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_33 = Wm3pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_34 = Wm3pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_35 = Wm3pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_36 = Wm3pc6); 
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@FOR(PC(J)|J#EQ#7: Xtot * -a_37 = Wm3pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_38 = Wm3pc8); 

 

Wm3p1 = Wm3p1pc1 + Wm3p1pc2 + Wm3p1pc3 + Wm3p1pc4 + Wm3p1pc5 + Wm3p1pc6 + Wm3p1pc7 

+ Wm3p1pc8; 

 

Wm3pc1 = Wm3p1pc1; 

Wm3pc2 = Wm3p1pc2; 

Wm3pc3 = Wm3p1pc3; 

Wm3pc4 = Wm3p1pc4; 

Wm3pc5 = Wm3p1pc5; 

Wm3pc6 = Wm3p1pc6; 

Wm3pc7 = Wm3p1pc7; 

Wm3pc8 = Wm3p1pc8; 

 

TRCm3p1pc1 = Wm3p1pc1 * (0.1 * d_1p + 0.5); 

TRCm3p1pc2 = Wm3p1pc2 * (0.1 * d_2p + 0.5); 

TRCm3p1pc3 = Wm3p1pc3 * (0.1 * d_3p + 0.5); 

TRCm3p1pc4 = Wm3p1pc4 * (0.1 * d_4p + 0.5); 

TRCm3p1pc5 = Wm3p1pc5 * (0.1 * d_5p + 0.5); 

TRCm3p1pc6 = Wm3p1pc6 * (0.1 * d_6p + 0.5); 

TRCm3p1pc7 = Wm3p1pc7 * (0.1 * d_7p + 0.5); 

TRCm3p1pc8 = Wm3p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm3p1pc1 = Wm3p1pc1 * f_CO2 * d_1p;  

GHGm3p1pc2 = Wm3p1pc2 * f_CO2 * d_2p;  

GHGm3p1pc3 = Wm3p1pc3 * f_CO2 * d_3p;  

GHGm3p1pc4 = Wm3p1pc4 * f_CO2 * d_4p; 

GHGm3p1pc5 = Wm3p1pc5 * f_CO2 * d_5p; 

GHGm3p1pc6 = Wm3p1pc6 * f_CO2 * d_6p; 

GHGm3p1pc7 = Wm3p1pc7 * f_CO2 * d_7p; 

GHGm3p1pc8 = Wm3p1pc8 * f_CO2 * d_8p; 

 

!M4(DAP); 

@FOR(M(I)|I#EQ#4: -Ytot = Wm4p1); 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_41 = Wm4pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * -a_42 = Wm4pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_43 = Wm4pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_44 = Wm4pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_45 = Wm4pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_46 = Wm4pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_47 = Wm4pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_48 = Wm4pc8); 

 

Wm4p1 = Wm4p1pc1 + Wm4p1pc2 + Wm4p1pc3 + Wm4p1pc4 + Wm4p1pc5 + Wm4p1pc6 + Wm4p1pc7 

+ Wm4p1pc8; 

Wm4pc1 = Wm4p1pc1; 

Wm4pc2 = Wm4p1pc2; 

Wm4pc3 = Wm4p1pc3; 

Wm4pc4 = Wm4p1pc4; 

Wm4pc5 = Wm4p1pc5; 

Wm4pc6 = Wm4p1pc6; 

Wm4pc7 = Wm4p1pc7; 

Wm4pc8 = Wm4p1pc8; 

 

TRCm4p1pc1 = Wm4p1pc1 * (0.1 * d_1p + 0.5); 

TRCm4p1pc2 = Wm4p1pc2 * (0.1 * d_2p + 0.5); 

TRCm4p1pc3 = Wm4p1pc3 * (0.1 * d_3p + 0.5); 

TRCm4p1pc4 = Wm4p1pc4 * (0.1 * d_4p + 0.5); 

TRCm4p1pc5 = Wm4p1pc5 * (0.1 * d_5p + 0.5); 

TRCm4p1pc6 = Wm4p1pc6 * (0.1 * d_6p + 0.5); 

TRCm4p1pc7 = Wm4p1pc7 * (0.1 * d_7p + 0.5); 

TRCm4p1pc8 = Wm4p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm4p1pc1 = Wm4p1pc1 * f_CO2 * d_1p;  

GHGm4p1pc2 = Wm4p1pc2 * f_CO2 * d_2p;  

GHGm4p1pc3 = Wm4p1pc3 * f_CO2 * d_3p;  
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GHGm4p1pc4 = Wm4p1pc4 * f_CO2 * d_4p; 

GHGm4p1pc5 = Wm4p1pc5 * f_CO2 * d_5p; 

GHGm4p1pc6 = Wm4p1pc6 * f_CO2 * d_6p; 

GHGm4p1pc7 = Wm4p1pc7 * f_CO2 * d_7p; 

GHGm4p1pc8 = Wm4p1pc8 * f_CO2 * d_8p; 

 

!M5(MOP); 

@FOR(M(I)|I#EQ#5: -Ytot = Wm5p1); 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_51 = Wm5pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * -a_52 = Wm5pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_53 = Wm5pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_54 = Wm5pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_55 = Wm5pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_56 = Wm5pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_57 = Wm5pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_58 = Wm5pc8); 

 

Wm5p1 = Wm5p1pc1 + Wm5p1pc2 + Wm5p1pc3 + Wm5p1pc4 + Wm5p1pc5 + Wm5p1pc6 + Wm5p1pc7 

+ Wm5p1pc8; 

 

Wm5pc1 = Wm5p1pc1; 

Wm5pc2 = Wm5p1pc2; 

Wm5pc3 = Wm5p1pc3; 

Wm5pc4 = Wm5p1pc4; 

Wm5pc5 = Wm5p1pc5; 

Wm5pc6 = Wm5p1pc6; 

Wm5pc7 = Wm5p1pc7; 

Wm5pc8 = Wm5p1pc8; 

 

TRCm5p1pc1 = Wm5p1pc1 * (0.1 * d_1p + 0.5); 

TRCm5p1pc2 = Wm5p1pc2 * (0.1 * d_2p + 0.5); 

TRCm5p1pc3 = Wm5p1pc3 * (0.1 * d_3p + 0.5); 

TRCm5p1pc4 = Wm5p1pc4 * (0.1 * d_4p + 0.5); 

TRCm5p1pc5 = Wm5p1pc5 * (0.1 * d_5p + 0.5); 

TRCm5p1pc6 = Wm5p1pc6 * (0.1 * d_6p + 0.5); 

TRCm5p1pc7 = Wm5p1pc7 * (0.1 * d_7p + 0.5); 

TRCm5p1pc8 = Wm5p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm5p1pc1 = Wm5p1pc1 * f_CO2 * d_1p;  

GHGm5p1pc2 = Wm5p1pc2 * f_CO2 * d_2p;  

GHGm5p1pc3 = Wm5p1pc3 * f_CO2 * d_3p;  

GHGm5p1pc4 = Wm5p1pc4 * f_CO2 * d_4p; 

GHGm5p1pc5 = Wm5p1pc5 * f_CO2 * d_5p; 

GHGm5p1pc6 = Wm5p1pc6 * f_CO2 * d_6p; 

GHGm5p1pc7 = Wm5p1pc7 * f_CO2 * d_7p; 

GHGm5p1pc8 = Wm5p1pc8 * f_CO2 * d_8p; 

 

!M6(BIOFERTILISER); 

@FOR(M(I)|I#EQ#6: -Ytot = Wm6p1); 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_61 = Wm6pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * -a_62 = Wm6pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_63 = Wm6pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_64 = Wm6pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_65 = Wm6pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_66 = Wm6pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_67 = Wm6pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_68 = Wm6pc8); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_69  = Wm6pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_610 = Wm6pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_611 = Wm6pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_612 = Wm6pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_613 = Wm6pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_614 = Wm6pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_615 = Wm6pc15); 
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Wm6p1 = Wm6p1pc1 + Wm6p1pc2 + Wm6p1pc3 + Wm6p1pc4 + Wm6p1pc5 + Wm6p1pc6 + Wm6p1pc7 

+ Wm6p1pc8; 

 

Wm6pc1 = Wm6p1pc1 + Wm6pc9pc1 + Wm6pc10pc1 + Wm6pc11pc1 + Wm6pc12pc1 + Wm6pc13pc1 + 

Wm6pc14pc1 + Wm6pc15pc1; 

Wm6pc2 = Wm6p1pc2 + Wm6pc9pc2 + Wm6pc10pc2 + Wm6pc11pc2 + Wm6pc12pc2 + Wm6pc13pc2 + 

Wm6pc14pc2 + Wm6pc15pc1; 

Wm6pc3 = Wm6p1pc3 + Wm6pc9pc3 + Wm6pc10pc3 + Wm6pc11pc3 + Wm6pc12pc3 + Wm6pc13pc3 + 

Wm6pc14pc3 + Wm6pc15pc1; 

Wm6pc4 = Wm6p1pc4 + Wm6pc9pc4 + Wm6pc10pc4 + Wm6pc11pc4 + Wm6pc12pc4 + Wm6pc13pc4 + 

Wm6pc14pc4 + Wm6pc15pc1; 

Wm6pc5 = Wm6p1pc5 + Wm6pc9pc5 + Wm6pc10pc5 + Wm6pc11pc5 + Wm6pc12pc5 + Wm6pc13pc5 + 

Wm6pc14pc5 + Wm6pc15pc1; 

Wm6pc6 = Wm6p1pc6 + Wm6pc9pc6 + Wm6pc10pc6 + Wm6pc11pc6 + Wm6pc12pc6 + Wm6pc13pc6 + 

Wm6pc14pc6 + Wm6pc15pc1; 

Wm6pc7 = Wm6p1pc7 + Wm6pc9pc7 + Wm6pc10pc7 + Wm6pc11pc7 + Wm6pc12pc7 + Wm6pc13pc7 + 

Wm6pc14pc7 + Wm6pc15pc1; 

Wm6pc8 = Wm6p1pc8 + Wm6pc9pc8 + Wm6pc10pc8 + Wm6pc11pc8 + Wm6pc12pc8 + Wm6pc13pc8 + 

Wm6pc14pc8 + Wm6pc15pc1; 

 

Wm6pc9  = Wm6pc9pc1  + Wm6pc9pc2  + Wm6pc9pc3  + Wm6pc9pc4  + Wm6pc9pc5  + 

Wm6pc9pc6  + Wm6pc9pc7  + Wm6pc9pc8  + Wm6pc9pc9;  

Wm6pc10 = Wm6pc10pc1 + Wm6pc10pc2 + Wm6pc10pc3 + Wm6pc10pc4 + Wm6pc10pc5 + 

Wm6pc10pc6 + Wm6pc10pc7 + Wm6pc10pc8 + Wm6pc10pc9;  

Wm6pc11 = Wm6pc11pc1 + Wm6pc11pc2 + Wm6pc11pc3 + Wm6pc11pc4 + Wm6pc11pc5 + 

Wm6pc11pc6 + Wm6pc11pc7 + Wm6pc11pc8 + Wm6pc11pc9;  

Wm6pc12 = Wm6pc12pc1 + Wm6pc12pc2 + Wm6pc12pc3 + Wm6pc12pc4 + Wm6pc12pc5 + 

Wm6pc12pc6 + Wm6pc12pc7 + Wm6pc12pc8 + Wm6pc12pc9;  

Wm6pc13 = Wm6pc13pc1 + Wm6pc13pc2 + Wm6pc13pc3 + Wm6pc13pc4 + Wm6pc13pc5 + 

Wm6pc13pc6 + Wm6pc13pc7 + Wm6pc13pc8 + Wm6pc13pc9;  

Wm6pc14 = Wm6pc14pc1 + Wm6pc14pc2 + Wm6pc14pc3 + Wm6pc14pc4 + Wm6pc14pc5 + 

Wm6pc14pc6 + Wm6pc14pc7 + Wm6pc14pc8 + Wm6pc14pc9;  

Wm6pc15 = Wm6pc15pc1 + Wm6pc15pc2 + Wm6pc15pc3 + Wm6pc15pc4 + Wm6pc15pc5 + 

Wm6pc15pc6 + Wm6pc15pc7 + Wm6pc15pc8 + Wm6pc15pc9;  

 

TRCm6p1pc1 = Wm6p1pc1 * (0.1 * d_1p + 0.5); 

TRCm6p1pc2 = Wm6p1pc2 * (0.1 * d_2p + 0.5); 

TRCm6p1pc3 = Wm6p1pc3 * (0.1 * d_3p + 0.5); 

TRCm6p1pc4 = Wm6p1pc4 * (0.1 * d_4p + 0.5); 

TRCm6p1pc5 = Wm6p1pc5 * (0.1 * d_5p + 0.5); 

TRCm6p1pc6 = Wm6p1pc6 * (0.1 * d_6p + 0.5); 

TRCm6p1pc7 = Wm6p1pc7 * (0.1 * d_7p + 0.5); 

TRCm6p1pc8 = Wm6p1pc8 * (0.1 * d_8p + 0.5); 

 

TRCM6pc9pc1  = Wm6pc9pc1  * (0.1 * d_11 + 0.5); 

TRCM6pc10pc1 = Wm6pc10pc1 * (0.1 * d_12 + 0.5); 

TRCM6pc11pc1 = Wm6pc11pc1 * (0.1 * d_13 + 0.5); 

TRCM6pc12pc1 = Wm6pc12pc1 * (0.1 * d_14 + 0.5); 

TRCM6pc13pc1 = Wm6pc13pc1 * (0.1 * d_15 + 0.5); 

TRCM6pc14pc1 = Wm6pc14pc1 * (0.1 * d_16 + 0.5); 

TRCM6pc15pc1 = Wm6pc15pc1 * (0.1 * d_17 + 0.5); 

 

TRCM6pc9pc2  = Wm6pc9pc2  * (0.1 * d_21 + 0.5); 

TRCM6pc10pc2 = Wm6pc10pc2 * (0.1 * d_22 + 0.5); 

TRCM6pc11pc2 = Wm6pc11pc2 * (0.1 * d_23 + 0.5); 

TRCM6pc12pc2 = Wm6pc12pc2 * (0.1 * d_24 + 0.5); 

TRCM6pc13pc2 = Wm6pc13pc2 * (0.1 * d_25 + 0.5); 

TRCM6pc14pc2 = Wm6pc14pc2 * (0.1 * d_26 + 0.5); 

TRCM6pc15pc2 = Wm6pc15pc2 * (0.1 * d_27 + 0.5); 

 

TRCM6pc9pc3  = Wm6pc9pc3  * (0.1 * d_31 + 0.5); 

TRCM6pc10pc3 = Wm6pc10pc3 * (0.1 * d_32 + 0.5); 

TRCM6pc11pc3 = Wm6pc11pc3 * (0.1 * d_33 + 0.5); 

TRCM6pc12pc3 = Wm6pc12pc3 * (0.1 * d_34 + 0.5); 

TRCM6pc13pc3 = Wm6pc13pc3 * (0.1 * d_35 + 0.5); 

TRCM6pc14pc3 = Wm6pc14pc3 * (0.1 * d_36 + 0.5); 

TRCM6pc15pc3 = Wm6pc15pc3 * (0.1 * d_37 + 0.5); 

 



Appendices 

cclv 

TRCM6pc9pc4  = Wm6pc9pc4  * (0.1 * d_41 + 0.5); 

TRCM6pc10pc4 = Wm6pc10pc4 * (0.1 * d_42 + 0.5); 

TRCM6pc11pc4 = Wm6pc11pc4 * (0.1 * d_43 + 0.5); 

TRCM6pc12pc4 = Wm6pc12pc4 * (0.1 * d_44 + 0.5); 

TRCM6pc13pc4 = Wm6pc13pc4 * (0.1 * d_45 + 0.5); 

TRCM6pc14pc4 = Wm6pc14pc4 * (0.1 * d_46 + 0.5); 

TRCM6pc15pc4 = Wm6pc15pc4 * (0.1 * d_47 + 0.5); 

 

TRCM6pc9pc5  = Wm6pc9pc5  * (0.1 * d_51 + 0.5); 

TRCM6pc10pc5 = Wm6pc10pc5 * (0.1 * d_52 + 0.5); 

TRCM6pc11pc5 = Wm6pc11pc5 * (0.1 * d_53 + 0.5); 

TRCM6pc12pc5 = Wm6pc12pc5 * (0.1 * d_54 + 0.5); 

TRCM6pc13pc5 = Wm6pc13pc5 * (0.1 * d_55 + 0.5); 

TRCM6pc14pc5 = Wm6pc14pc5 * (0.1 * d_56 + 0.5); 

TRCM6pc15pc5 = Wm6pc15pc5 * (0.1 * d_57 + 0.5); 

 

TRCM6pc9pc6  = Wm6pc9pc6  * (0.1 * d_61 + 0.5); 

TRCM6pc10pc6 = Wm6pc10pc6 * (0.1 * d_62 + 0.5); 

TRCM6pc11pc6 = Wm6pc11pc6 * (0.1 * d_63 + 0.5); 

TRCM6pc12pc6 = Wm6pc12pc6 * (0.1 * d_64 + 0.5); 

TRCM6pc13pc6 = Wm6pc13pc6 * (0.1 * d_65 + 0.5); 

TRCM6pc14pc6 = Wm6pc14pc6 * (0.1 * d_66 + 0.5); 

TRCM6pc15pc6 = Wm6pc15pc6 * (0.1 * d_67 + 0.5); 

 

TRCM6pc9pc7  = Wm6pc9pc7  * (0.1 * d_71 + 0.5); 

TRCM6pc10pc7 = Wm6pc10pc7 * (0.1 * d_72 + 0.5); 

TRCM6pc11pc7 = Wm6pc11pc7 * (0.1 * d_73 + 0.5); 

TRCM6pc12pc7 = Wm6pc12pc7 * (0.1 * d_74 + 0.5); 

TRCM6pc13pc7 = Wm6pc13pc7 * (0.1 * d_75 + 0.5); 

TRCM6pc14pc7 = Wm6pc14pc7 * (0.1 * d_76 + 0.5); 

TRCM6pc15pc7 = Wm6pc15pc7 * (0.1 * d_77 + 0.5); 

 

TRCM6pc9pc8  = Wm6pc9pc8  * (0.1 * d_81 + 0.5); 

TRCM6pc10pc8 = Wm6pc10pc8 * (0.1 * d_82 + 0.5); 

TRCM6pc11pc8 = Wm6pc11pc8 * (0.1 * d_83 + 0.5); 

TRCM6pc12pc8 = Wm6pc12pc8 * (0.1 * d_84 + 0.5); 

TRCM6pc13pc8 = Wm6pc13pc8 * (0.1 * d_85 + 0.5); 

TRCM6pc14pc8 = Wm6pc14pc8 * (0.1 * d_86 + 0.5); 

TRCM6pc15pc8 = Wm6pc15pc8 * (0.1 * d_87 + 0.5); 

 

GHGm6p1pc1 = Wm6p1pc1 * f_CO2 * d_1p;  

GHGm6p1pc2 = Wm6p1pc2 * f_CO2 * d_2p;  

GHGm6p1pc3 = Wm6p1pc3 * f_CO2 * d_3p;  

GHGm6p1pc4 = Wm6p1pc4 * f_CO2 * d_4p; 

GHGm6p1pc5 = Wm6p1pc5 * f_CO2 * d_5p; 

GHGm6p1pc6 = Wm6p1pc6 * f_CO2 * d_6p; 

GHGm6p1pc7 = Wm6p1pc7 * f_CO2 * d_7p; 

GHGm6p1pc8 = Wm6p1pc8 * f_CO2 * d_8p; 

 

GHGm6pc9pc1  = Wm6pc9pc1  * f_CO2 * d_11; 

GHGm6pc10pc1 = Wm6pc10pc1 * f_CO2 * d_12; 

GHGm6pc11pc1 = Wm6pc11pc1 * f_CO2 * d_13; 

GHGm6pc12pc1 = Wm6pc12pc1 * f_CO2 * d_14; 

GHGm6pc13pc1 = Wm6pc13pc1 * f_CO2 * d_15; 

GHGm6pc14pc1 = Wm6pc14pc1 * f_CO2 * d_16; 

GHGm6pc15pc1 = Wm6pc15pc1 * f_CO2 * d_17; 

 

GHGm6pc9pc2  = Wm6pc9pc2  * f_CO2 * d_21; 

GHGm6pc10pc2 = Wm6pc10pc2 * f_CO2 * d_22; 

GHGm6pc11pc2 = Wm6pc11pc2 * f_CO2 * d_23; 

GHGm6pc12pc2 = Wm6pc12pc2 * f_CO2 * d_24; 

GHGm6pc13pc2 = Wm6pc13pc2 * f_CO2 * d_25; 

GHGm6pc14pc2 = Wm6pc14pc2 * f_CO2 * d_26; 

GHGm6pc15pc2 = Wm6pc15pc2 * f_CO2 * d_27; 

 

GHGm6pc9pc3  = Wm6pc9pc3  * f_CO2 * d_31; 

GHGm6pc10pc3 = Wm6pc10pc3 * f_CO2 * d_32; 

GHGm6pc11pc3 = Wm6pc11pc3 * f_CO2 * d_33; 



Appendices 

cclvi 

GHGm6pc12pc3 = Wm6pc12pc3 * f_CO2 * d_34; 

GHGm6pc13pc3 = Wm6pc13pc3 * f_CO2 * d_35; 

GHGm6pc14pc3 = Wm6pc14pc3 * f_CO2 * d_36; 

GHGm6pc15pc3 = Wm6pc15pc3 * f_CO2 * d_37; 

 

GHGm6pc9pc4  = Wm6pc9pc4  * f_CO2 * d_41; 

GHGm6pc10pc4 = Wm6pc10pc4 * f_CO2 * d_42; 

GHGm6pc11pc4 = Wm6pc11pc4 * f_CO2 * d_43; 

GHGm6pc12pc4 = Wm6pc12pc4 * f_CO2 * d_44; 

GHGm6pc13pc4 = Wm6pc13pc4 * f_CO2 * d_45; 

GHGm6pc14pc4 = Wm6pc14pc4 * f_CO2 * d_46; 

GHGm6pc15pc4 = Wm6pc15pc4 * f_CO2 * d_47; 

 

GHGm6pc9pc5  = Wm6pc9pc5  * f_CO2 * d_51; 

GHGm6pc10pc5 = Wm6pc10pc5 * f_CO2 * d_52; 

GHGm6pc11pc5 = Wm6pc11pc5 * f_CO2 * d_53; 

GHGm6pc12pc5 = Wm6pc12pc5 * f_CO2 * d_54; 

GHGm6pc13pc5 = Wm6pc13pc5 * f_CO2 * d_55; 

GHGm6pc14pc5 = Wm6pc14pc5 * f_CO2 * d_56; 

GHGm6pc15pc5 = Wm6pc15pc5 * f_CO2 * d_57; 

 

GHGm6pc9pc6  = Wm6pc9pc6  * f_CO2 * d_61; 

GHGm6pc10pc6 = Wm6pc10pc6 * f_CO2 * d_62; 

GHGm6pc11pc6 = Wm6pc11pc6 * f_CO2 * d_63; 

GHGm6pc12pc6 = Wm6pc12pc6 * f_CO2 * d_64; 

GHGm6pc13pc6 = Wm6pc13pc6 * f_CO2 * d_65; 

GHGm6pc14pc6 = Wm6pc14pc6 * f_CO2 * d_66; 

GHGm6pc15pc6 = Wm6pc15pc6 * f_CO2 * d_67; 

 

GHGm6pc9pc7  = Wm6pc9pc7  * f_CO2 * d_71; 

GHGm6pc10pc7 = Wm6pc10pc7 * f_CO2 * d_72; 

GHGm6pc11pc7 = Wm6pc11pc7 * f_CO2 * d_73; 

GHGm6pc12pc7 = Wm6pc12pc7 * f_CO2 * d_74; 

GHGm6pc13pc7 = Wm6pc13pc7 * f_CO2 * d_75; 

GHGm6pc14pc7 = Wm6pc14pc7 * f_CO2 * d_76; 

GHGm6pc15pc7 = Wm6pc15pc7 * f_CO2 * d_77; 

 

GHGm6pc9pc8  = Wm6pc9pc8  * f_CO2 * d_81; 

GHGm6pc10pc8 = Wm6pc10pc8 * f_CO2 * d_82; 

GHGm6pc11pc8 = Wm6pc11pc8 * f_CO2 * d_83; 

GHGm6pc12pc8 = Wm6pc12pc8 * f_CO2 * d_84; 

GHGm6pc13pc8 = Wm6pc13pc8 * f_CO2 * d_85; 

GHGm6pc14pc8 = Wm6pc14pc8 * f_CO2 * d_86; 

GHGm6pc15pc8 = Wm6pc15pc8 * f_CO2 * d_87; 

 

!M7(FFB); 

@FOR(PC(J)|J#EQ#1: Xtot * a_71 = Wm7pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * a_72 = Wm7pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * a_73 = Wm7pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * a_74 = Wm7pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * a_75 = Wm7pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * a_76 = Wm7pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * a_77 = Wm7pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * a_78 = Wm7pc8); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * -a_79 = Wm7pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * -a_710 = Wm7pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * -a_711 = Wm7pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * -a_712 = Wm7pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * -a_713 = Wm7pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * -a_714 = Wm7pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * -a_715 = Wm7pc15); 

 

Wm7pc1 = Wm7pc1pc9 + Wm7pc1pc10 + Wm7pc1pc11 + Wm7pc1pc12 + Wm7pc1pc13 + Wm7pc1pc14 

+ Wm7pc1pc15; 

Wm7pc2 = Wm7pc2pc9 + Wm7pc2pc10 + Wm7pc2pc11 + Wm7pc2pc12 + Wm7pc2pc13 + Wm7pc2pc14 

+ Wm7pc2pc15; 



Appendices 

cclvii 

Wm7pc3 = Wm7pc3pc9 + Wm7pc3pc10 + Wm7pc3pc11 + Wm7pc3pc12 + Wm7pc3pc13 + Wm7pc3pc14 

+ Wm7pc3pc15; 

Wm7pc4 = Wm7pc4pc9 + Wm7pc4pc10 + Wm7pc4pc11 + Wm7pc4pc12 + Wm7pc4pc13 + Wm7pc4pc14 

+ Wm7pc4pc15; 

Wm7pc5 = Wm7pc5pc9 + Wm7pc5pc10 + Wm7pc5pc11 + Wm7pc5pc12 + Wm7pc5pc13 + Wm7pc5pc14 

+ Wm7pc5pc15; 

Wm7pc6 = Wm7pc6pc9 + Wm7pc6pc10 + Wm7pc6pc11 + Wm7pc6pc12 + Wm7pc6pc13 + Wm7pc6pc14 

+ Wm7pc6pc15; 

Wm7pc7 = Wm7pc7pc9 + Wm7pc7pc10 + Wm7pc7pc11 + Wm7pc7pc12 + Wm7pc7pc13 + Wm7pc7pc14 

+ Wm7pc7pc15; 

Wm7pc8 = Wm7pc8pc9 + Wm7pc8pc10 + Wm7pc8pc11 + Wm7pc8pc12 + Wm7pc8pc13 + Wm7pc8pc14 

+ Wm7pc8pc15; 

 

Wm7pc9  = Wm7pc1pc9  + Wm7pc2pc9  + Wm7pc3pc9  + Wm7pc4pc9  + Wm7pc5pc9  + 

Wm7pc6pc9  + Wm7pc7pc9  + Wm7pc8pc9; 

Wm7pc10 = Wm7pc1pc10 + Wm7pc2pc10 + Wm7pc3pc10 + Wm7pc4pc10 + Wm7pc5pc10 + 

Wm7pc6pc10 + Wm7pc7pc10 + Wm7pc8pc10; 

Wm7pc11 = Wm7pc1pc11 + Wm7pc2pc11 + Wm7pc3pc11 + Wm7pc4pc11 + Wm7pc5pc11 + 

Wm7pc6pc11 + Wm7pc7pc11 + Wm7pc8pc11; 

Wm7pc12 = Wm7pc1pc12 + Wm7pc2pc12 + Wm7pc3pc12 + Wm7pc4pc12 + Wm7pc5pc12 + 

Wm7pc6pc12 + Wm7pc7pc12 + Wm7pc8pc12; 

Wm7pc13 = Wm7pc1pc13 + Wm7pc2pc13 + Wm7pc3pc13 + Wm7pc4pc13 + Wm7pc5pc13 + 

Wm7pc6pc13 + Wm7pc7pc13 + Wm7pc8pc13; 

Wm7pc14 = Wm7pc1pc14 + Wm7pc2pc14 + Wm7pc3pc14 + Wm7pc4pc14 + Wm7pc5pc14 + 

Wm7pc6pc14 + Wm7pc7pc14 + Wm7pc8pc14; 

Wm7pc15 = Wm7pc1pc15 + Wm7pc2pc15 + Wm7pc3pc15 + Wm7pc4pc15 + Wm7pc5pc15 + 

Wm7pc6pc15 + Wm7pc7pc15 + Wm7pc8pc15; 

 

TRCm7pc1pc9  = Wm7pc1pc9  * (0.1 * d_11 + 0.5); 

TRCm7pc1pc10 = Wm7pc1pc10 * (0.1 * d_12 + 0.5); 

TRCm7pc1pc11 = Wm7pc1pc11 * (0.1 * d_13 + 0.5); 

TRCm7pc1pc12 = Wm7pc1pc12 * (0.1 * d_14 + 0.5); 

TRCm7pc1pc13 = Wm7pc1pc13 * (0.1 * d_15 + 0.5); 

TRCm7pc1pc14 = Wm7pc1pc14 * (0.1 * d_16 + 0.5); 

TRCm7pc1pc15 = Wm7pc1pc15 * (0.1 * d_17 + 0.5); 

 

TRCm7pc2pc9  = Wm7pc2pc9  * (0.1 * d_21 + 0.5); 

TRCm7pc2pc10 = Wm7pc2pc10 * (0.1 * d_22 + 0.5); 

TRCm7pc2pc11 = Wm7pc2pc11 * (0.1 * d_23 + 0.5); 

TRCm7pc2pc12 = Wm7pc2pc12 * (0.1 * d_24 + 0.5); 

TRCm7pc2pc13 = Wm7pc2pc13 * (0.1 * d_25 + 0.5); 

TRCm7pc2pc14 = Wm7pc2pc14 * (0.1 * d_26 + 0.5); 

TRCm7pc2pc15 = Wm7pc2pc15 * (0.1 * d_27 + 0.5); 

 

TRCm7pc3pc9  = Wm7pc3pc9  * (0.1 * d_31 + 0.5); 

TRCm7pc3pc10 = Wm7pc3pc10 * (0.1 * d_32 + 0.5); 

TRCm7pc3pc11 = Wm7pc3pc11 * (0.1 * d_33 + 0.5); 

TRCm7pc3pc12 = Wm7pc3pc12 * (0.1 * d_34 + 0.5); 

TRCm7pc3pc13 = Wm7pc3pc13 * (0.1 * d_35 + 0.5); 

TRCm7pc3pc14 = Wm7pc3pc14 * (0.1 * d_36 + 0.5); 

TRCm7pc3pc15 = Wm7pc3pc15 * (0.1 * d_37 + 0.5); 

 

TRCm7pc4pc9  = Wm7pc4pc9  * (0.1 * d_41 + 0.5); 

TRCm7pc4pc10 = Wm7pc4pc10 * (0.1 * d_42 + 0.5); 

TRCm7pc4pc11 = Wm7pc4pc11 * (0.1 * d_43 + 0.5); 

TRCm7pc4pc12 = Wm7pc4pc12 * (0.1 * d_44 + 0.5); 

TRCm7pc4pc13 = Wm7pc4pc13 * (0.1 * d_45 + 0.5); 

TRCm7pc4pc14 = Wm7pc4pc14 * (0.1 * d_46 + 0.5); 

TRCm7pc4pc15 = Wm7pc4pc15 * (0.1 * d_47 + 0.5); 

 

TRCm7pc5pc9  = Wm7pc5pc9  * (0.1 * d_51 + 0.5); 

TRCm7pc5pc10 = Wm7pc5pc10 * (0.1 * d_52 + 0.5); 

TRCm7pc5pc11 = Wm7pc5pc11 * (0.1 * d_53 + 0.5); 

TRCm7pc5pc12 = Wm7pc5pc12 * (0.1 * d_54 + 0.5); 

TRCm7pc5pc13 = Wm7pc5pc13 * (0.1 * d_55 + 0.5); 

TRCm7pc5pc14 = Wm7pc5pc14 * (0.1 * d_56 + 0.5); 

TRCm7pc5pc15 = Wm7pc5pc15 * (0.1 * d_57 + 0.5); 

 



Appendices 

cclviii 

TRCm7pc6pc9  = Wm7pc6pc9  * (0.1 * d_61 + 0.5); 

TRCm7pc6pc10 = Wm7pc6pc10 * (0.1 * d_62 + 0.5); 

TRCm7pc6pc11 = Wm7pc6pc11 * (0.1 * d_63 + 0.5); 

TRCm7pc6pc12 = Wm7pc6pc12 * (0.1 * d_64 + 0.5); 

TRCm7pc6pc13 = Wm7pc6pc13 * (0.1 * d_65 + 0.5); 

TRCm7pc6pc14 = Wm7pc6pc14 * (0.1 * d_66 + 0.5); 

TRCm7pc6pc15 = Wm7pc6pc15 * (0.1 * d_67 + 0.5); 

 

TRCm7pc7pc9  = Wm7pc7pc9  * (0.1 * d_71 + 0.5); 

TRCm7pc7pc10 = Wm7pc7pc10 * (0.1 * d_72 + 0.5); 

TRCm7pc7pc11 = Wm7pc7pc11 * (0.1 * d_73 + 0.5); 

TRCm7pc7pc12 = Wm7pc7pc12 * (0.1 * d_74 + 0.5); 

TRCm7pc7pc13 = Wm7pc7pc13 * (0.1 * d_75 + 0.5); 

TRCm7pc7pc14 = Wm7pc7pc14 * (0.1 * d_76 + 0.5); 

TRCm7pc7pc15 = Wm7pc7pc15 * (0.1 * d_77 + 0.5); 

 

TRCm7pc8pc9  = Wm7pc8pc9  * (0.1 * d_81 + 0.5); 

TRCm7pc8pc10 = Wm7pc8pc10 * (0.1 * d_82 + 0.5); 

TRCm7pc8pc11 = Wm7pc8pc11 * (0.1 * d_83 + 0.5); 

TRCm7pc8pc12 = Wm7pc8pc12 * (0.1 * d_84 + 0.5); 

TRCm7pc8pc13 = Wm7pc8pc13 * (0.1 * d_85 + 0.5); 

TRCm7pc8pc14 = Wm7pc8pc14 * (0.1 * d_86 + 0.5); 

TRCm7pc8pc15 = Wm7pc8pc15 * (0.1 * d_87 + 0.5); 

 

GHGm7pc1pc9  = Wm7pc1pc9  * f_CO2 * d_11; 

GHGm7pc1pc10 = Wm7pc1pc10 * f_CO2 * d_12; 

GHGm7pc1pc11 = Wm7pc1pc11 * f_CO2 * d_13; 

GHGm7pc1pc12 = Wm7pc1pc12 * f_CO2 * d_14; 

GHGm7pc1pc13 = Wm7pc1pc13 * f_CO2 * d_15; 

GHGm7pc1pc14 = Wm7pc1pc14 * f_CO2 * d_16; 

GHGm7pc1pc15 = Wm7pc1pc15 * f_CO2 * d_17; 

 

GHGm7pc2pc9  = Wm7pc2pc9  * f_CO2 * d_21; 

GHGm7pc2pc10 = Wm7pc2pc10 * f_CO2 * d_22; 

GHGm7pc2pc11 = Wm7pc2pc11 * f_CO2 * d_23; 

GHGm7pc2pc12 = Wm7pc2pc12 * f_CO2 * d_24; 

GHGm7pc2pc13 = Wm7pc2pc13 * f_CO2 * d_25; 

GHGm7pc2pc14 = Wm7pc2pc14 * f_CO2 * d_26; 

GHGm7pc2pc15 = Wm7pc2pc15 * f_CO2 * d_27; 

 

GHGm7pc3pc9  = Wm7pc3pc9  * f_CO2 * d_31; 

GHGm7pc3pc10 = Wm7pc3pc10 * f_CO2 * d_32; 

GHGm7pc3pc11 = Wm7pc3pc11 * f_CO2 * d_33; 

GHGm7pc3pc12 = Wm7pc3pc12 * f_CO2 * d_34; 

GHGm7pc3pc13 = Wm7pc3pc13 * f_CO2 * d_35; 

GHGm7pc3pc14 = Wm7pc3pc14 * f_CO2 * d_36; 

GHGm7pc3pc15 = Wm7pc3pc15 * f_CO2 * d_37; 

 

GHGm7pc4pc9  = Wm7pc4pc9  * f_CO2 * d_41; 

GHGm7pc4pc10 = Wm7pc4pc10 * f_CO2 * d_42; 

GHGm7pc4pc11 = Wm7pc4pc11 * f_CO2 * d_43; 

GHGm7pc4pc12 = Wm7pc4pc12 * f_CO2 * d_44; 

GHGm7pc4pc13 = Wm7pc4pc13 * f_CO2 * d_45; 

GHGm7pc4pc14 = Wm7pc4pc14 * f_CO2 * d_46; 

GHGm7pc4pc15 = Wm7pc4pc15 * f_CO2 * d_47; 

 

GHGm7pc5pc9  = Wm7pc5pc9  * f_CO2 * d_51; 

GHGm7pc5pc10 = Wm7pc5pc10 * f_CO2 * d_52; 

GHGm7pc5pc11 = Wm7pc5pc11 * f_CO2 * d_53; 

GHGm7pc5pc12 = Wm7pc5pc12 * f_CO2 * d_54; 

GHGm7pc5pc13 = Wm7pc5pc13 * f_CO2 * d_55; 

GHGm7pc5pc14 = Wm7pc5pc14 * f_CO2 * d_56; 

GHGm7pc5pc15 = Wm7pc5pc15 * f_CO2 * d_57; 

 

GHGm7pc6pc9  = Wm7pc6pc9  * f_CO2 * d_61; 

GHGm7pc6pc10 = Wm7pc6pc10 * f_CO2 * d_62; 

GHGm7pc6pc11 = Wm7pc6pc11 * f_CO2 * d_63; 

GHGm7pc6pc12 = Wm7pc6pc12 * f_CO2 * d_64; 



Appendices 

cclix 

GHGm7pc6pc13 = Wm7pc6pc13 * f_CO2 * d_65; 

GHGm7pc6pc14 = Wm7pc6pc14 * f_CO2 * d_66; 

GHGm7pc6pc15 = Wm7pc6pc15 * f_CO2 * d_67; 

 

GHGm7pc7pc9  = Wm7pc7pc9  * f_CO2 * d_71; 

GHGm7pc7pc10 = Wm7pc7pc10 * f_CO2 * d_72; 

GHGm7pc7pc11 = Wm7pc7pc11 * f_CO2 * d_73; 

GHGm7pc7pc12 = Wm7pc7pc12 * f_CO2 * d_74; 

GHGm7pc7pc13 = Wm7pc7pc13 * f_CO2 * d_75; 

GHGm7pc7pc14 = Wm7pc7pc14 * f_CO2 * d_76; 

GHGm7pc7pc15 = Wm7pc7pc15 * f_CO2 * d_77; 

 

GHGm7pc8pc9  = Wm7pc8pc9  * f_CO2 * d_81; 

GHGm7pc8pc10 = Wm7pc8pc10 * f_CO2 * d_82; 

GHGm7pc8pc11 = Wm7pc8pc11 * f_CO2 * d_83; 

GHGm7pc8pc12 = Wm7pc8pc12 * f_CO2 * d_84; 

GHGm7pc8pc13 = Wm7pc8pc13 * f_CO2 * d_85; 

GHGm7pc8pc14 = Wm7pc8pc14 * f_CO2 * d_86; 

GHGm7pc8pc15 = Wm7pc8pc15 * f_CO2 * d_87; 

 

!M10(CPO); 

@FOR(M(I)|I#EQ#10: Ytot = Wm10p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_109  = Wm10pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1010 = Wm10pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1011 = Wm10pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1012 = Wm10pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1013 = Wm10pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1014 = Wm10pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1015 = Wm10pc15); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * -a_1019 = Wm10pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * -a_1020 = Wm10pc20); 

 

Wm10p1 = Wm10pc9p1 + Wm10pc10p1 + Wm10pc11p1 + Wm10pc12p1 + Wm10pc13p1 + Wm10pc14p1 

+ Wm10pc15p1; 

 

Wm10pc9  = Wm10pc9p1  + Wm10pc9pc19  + Wm10pc9pc20; 

Wm10pc10 = Wm10pc10p1 + Wm10pc10pc19 + Wm10pc10pc20; 

Wm10pc11 = Wm10pc11p1 + Wm10pc11pc19 + Wm10pc11pc20; 

Wm10pc12 = Wm10pc12p1 + Wm10pc12pc19 + Wm10pc12pc20; 

Wm10pc13 = Wm10pc13p1 + Wm10pc13pc19 + Wm10pc13pc20; 

Wm10pc14 = Wm10pc14p1 + Wm10pc14pc19 + Wm10pc14pc20; 

Wm10pc15 = Wm10pc15p1 + Wm10pc15pc19 + Wm10pc15pc20; 

 

Wm10pc19 = Wm10pc9pc19 + Wm10pc10pc19 + Wm10pc11pc19 + Wm10pc12pc19 + Wm10pc13pc19 

+ Wm10pc14pc19 + Wm10pc15pc19; 

Wm10pc20 = Wm10pc9pc20 + Wm10pc10pc20 + Wm10pc11pc20 + Wm10pc12pc20 + Wm10pc13pc20 

+ Wm10pc14pc20 + Wm10pc15pc20; 

 

TRCm10pc9p1  = Wm10pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm10pc10p1 = Wm10pc10p1 * (0.1 * d_10p + 0.5); 

TRCm10pc11p1 = Wm10pc11p1 * (0.1 * d_11p + 0.5); 

TRCm10pc12p1 = Wm10pc12p1 * (0.1 * d_12p + 0.5); 

TRCm10pc13p1 = Wm10pc13p1 * (0.1 * d_13p + 0.5); 

TRCm10pc14p1 = Wm10pc14p1 * (0.1 * d_14p + 0.5); 

TRCm10pc15p1 = Wm10pc15p1 * (0.1 * d_15p + 0.5); 

 

TRCm10pc9pc19  = Wm10pc9pc19  * (0.1 * d_911  + 0.5); 

TRCm10pc10pc19 = Wm10pc10pc19 * (0.1 * d_1011 + 0.5); 

TRCm10pc11pc19 = Wm10pc11pc19 * (0.1 * d_1111 + 0.5); 

TRCm10pc12pc19 = Wm10pc12pc19 * (0.1 * d_1211 + 0.5); 

TRCm10pc13pc19 = Wm10pc13pc19 * (0.1 * d_1311 + 0.5); 

TRCm10pc14pc19 = Wm10pc14pc19 * (0.1 * d_1411 + 0.5); 

TRCm10pc15pc19 = Wm10pc15pc19 * (0.1 * d_1511 + 0.5); 

 

TRCm10pc9pc20  = Wm10pc9pc20  * (0.1 * d_912  + 0.5); 

TRCm10pc10pc20 = Wm10pc10pc20 * (0.1 * d_1012 + 0.5); 



Appendices 

cclx 

TRCm10pc11pc20 = Wm10pc11pc20 * (0.1 * d_1112 + 0.5); 

TRCm10pc12pc20 = Wm10pc12pc20 * (0.1 * d_1212 + 0.5); 

TRCm10pc13pc20 = Wm10pc13pc20 * (0.1 * d_1312 + 0.5); 

TRCm10pc14pc20 = Wm10pc14pc20 * (0.1 * d_1412 + 0.5); 

TRCm10pc15pc20 = Wm10pc15pc20 * (0.1 * d_1512 + 0.5); 

 

GHGm10pc9p1  = Wm10pc9p1  * f_CO2 * d_9p; 

GHGm10pc10p1 = Wm10pc10p1 * f_CO2 * d_10p; 

GHGm10pc11p1 = Wm10pc12p1 * f_CO2 * d_11p; 

GHGm10pc12p1 = Wm10pc13p1 * f_CO2 * d_12p; 

GHGm10pc13p1 = Wm10pc13p1 * f_CO2 * d_13p; 

GHGm10pc14p1 = Wm10pc14p1 * f_CO2 * d_14p; 

GHGm10pc15p1 = Wm10pc15p1 * f_CO2 * d_15p; 

 

GHGm10pc9pc19  = Wm10pc9pc19  * f_CO2 * d_911; 

GHGm10pc10pc19 = Wm10pc10pc19 * f_CO2 * d_1011; 

GHGm10pc11pc19 = Wm10pc12pc19 * f_CO2 * d_1111; 

GHGm10pc12pc19 = Wm10pc13pc19 * f_CO2 * d_1211; 

GHGm10pc13pc19 = Wm10pc13pc19 * f_CO2 * d_1311; 

GHGm10pc14pc19 = Wm10pc14pc19 * f_CO2 * d_1411; 

GHGm10pc15pc19 = Wm10pc15pc19 * f_CO2 * d_1511; 

 

GHGm10pc9pc20  = Wm10pc9pc20  * f_CO2 * d_912; 

GHGm10pc10pc20 = Wm10pc10pc20 * f_CO2 * d_1012; 

GHGm10pc11pc20 = Wm10pc12pc20 * f_CO2 * d_1112; 

GHGm10pc12pc20 = Wm10pc13pc20 * f_CO2 * d_1212; 

GHGm10pc13pc20 = Wm10pc13pc20 * f_CO2 * d_1312; 

GHGm10pc14pc20 = Wm10pc14pc20 * f_CO2 * d_1412; 

GHGm10pc15pc20 = Wm10pc15pc20 * f_CO2 * d_1512; 

 

!M11(PK); 

@FOR(PC(J)|J#EQ#9 : Xtot * a_119  = Wm11pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1110 = Wm11pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1111 = Wm11pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1112 = Wm11pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1113 = Wm11pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1114 = Wm11pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1115 = Wm11pc15); 

 

@FOR(PC(J)|J#EQ#16 : Xtot * -a_1116 = Wm11pc16); 

@FOR(PC(J)|J#EQ#17 : Xtot * -a_1117 = Wm11pc17); 

@FOR(PC(J)|J#EQ#18 : Xtot * -a_1118 = Wm11pc18); 

 

Wm11pc9   = Wm11pc9pc16  + Wm11pc9pc17  + Wm11pc9pc18; 

Wm11pc10  = Wm11pc10pc16 + Wm11pc10pc17 + Wm11pc10pc18; 

Wm11pc11  = Wm11pc11pc16 + Wm11pc11pc17 + Wm11pc11pc18; 

Wm11pc12  = Wm11pc12pc16 + Wm11pc12pc17 + Wm11pc12pc18; 

Wm11pc13  = Wm11pc13pc16 + Wm11pc13pc17 + Wm11pc13pc18; 

Wm11pc14  = Wm11pc14pc16 + Wm11pc14pc17 + Wm11pc14pc18; 

Wm11pc15  = Wm11pc15pc16 + Wm11pc15pc17 + Wm11pc15pc18; 

 

Wm11pc16 = Wm11pc9pc16 + Wm11pc10pc16 + Wm11pc11pc16 + Wm11pc12pc16 + Wm11pc13pc16 

+ Wm11pc14pc16 + Wm11pc15pc16; 

Wm11pc17 = Wm11pc9pc17 + Wm11pc10pc17 + Wm11pc11pc17 + Wm11pc12pc17 + Wm11pc13pc17 

+ Wm11pc14pc17 + Wm11pc15pc17; 

Wm11pc18 = Wm11pc9pc18 + Wm11pc10pc18 + Wm11pc11pc18 + Wm11pc12pc18 + Wm11pc13pc18 

+ Wm11pc14pc18 + Wm11pc15pc18; 

 

TRCm11pc9pc16  = Wm11pc9pc16  * (0.1 * d_98  + 0.5); 

TRCm11pc9pc17  = Wm11pc9pc17  * (0.1 * d_99  + 0.5); 

TRCm11pc9pc18  = Wm11pc9pc18  * (0.1 * d_910 + 0.5); 

 

TRCm11pc10pc16 = Wm11pc10pc16 * (0.1 * d_108  + 0.5); 

TRCm11pc10pc17 = Wm11pc10pc17 * (0.1 * d_109  + 0.5); 

TRCm11pc10pc18 = Wm11pc10pc18 * (0.1 * d_1010 + 0.5); 

 

TRCm11pc11pc16 = Wm11pc11pc16 * (0.1 * d_118  + 0.5); 

TRCm11pc11pc17 = Wm11pc11pc17 * (0.1 * d_119  + 0.5); 



Appendices 

cclxi 

TRCm11pc11pc18 = Wm11pc11pc18 * (0.1 * d_1110 + 0.5); 

 

TRCm11pc12pc16 = Wm11pc12pc16 * (0.1 * d_128  + 0.5); 

TRCm11pc12pc17 = Wm11pc12pc17 * (0.1 * d_129  + 0.5); 

TRCm11pc12pc18 = Wm11pc12pc18 * (0.1 * d_1210 + 0.5); 

 

TRCm11pc13pc16 = Wm11pc13pc16 * (0.1 * d_138  + 0.5); 

TRCm11pc13pc17 = Wm11pc13pc17 * (0.1 * d_139  + 0.5); 

TRCm11pc13pc18 = Wm11pc13pc18 * (0.1 * d_1310 + 0.5); 

 

TRCm11pc14pc16 = Wm11pc14pc16 * (0.1 * d_148  + 0.5); 

TRCm11pc14pc17 = Wm11pc14pc17 * (0.1 * d_149  + 0.5); 

TRCm11pc14pc18 = Wm11pc14pc18 * (0.1 * d_1410 + 0.5); 

 

TRCm11pc15pc16 = Wm11pc15pc16 * (0.1 * d_158  + 0.5); 

TRCm11pc15pc17 = Wm11pc15pc17 * (0.1 * d_159  + 0.5); 

TRCm11pc15pc18 = Wm11pc15pc18 * (0.1 * d_1510 + 0.5); 

 

GHGm11pc9pc16  = Wm11pc9pc16  * f_CO2 * d_98; 

GHGm11pc9pc17  = Wm11pc9pc17  * f_CO2 * d_99; 

GHGm11pc9pc18  = Wm11pc9pc18  * f_CO2 * d_910; 

 

GHGm11pc10pc16 = Wm11pc10pc16 * f_CO2 * d_108; 

GHGm11pc10pc17 = Wm11pc10pc17 * f_CO2 * d_109; 

GHGm11pc10pc18 = Wm11pc10pc18 * f_CO2 * d_1010; 

 

GHGm11pc11pc16 = Wm11pc11pc16 * f_CO2 * d_118; 

GHGm11pc11pc17 = Wm11pc11pc17 * f_CO2 * d_119; 

GHGm11pc11pc18 = Wm11pc11pc18 * f_CO2 * d_1110; 

 

GHGm11pc12pc16 = Wm11pc12pc16 * f_CO2 * d_128; 

GHGm11pc12pc17 = Wm11pc12pc17 * f_CO2 * d_129; 

GHGm11pc12pc18 = Wm11pc12pc18 * f_CO2 * d_1210; 

 

GHGm11pc13pc16 = Wm11pc13pc16 * f_CO2 * d_138; 

GHGm11pc13pc17 = Wm11pc13pc17 * f_CO2 * d_139; 

GHGm11pc13pc18 = Wm11pc13pc18 * f_CO2 * d_1310; 

 

GHGm11pc14pc16 = Wm11pc14pc16 * f_CO2 * d_148; 

GHGm11pc14pc17 = Wm11pc14pc17 * f_CO2 * d_149; 

GHGm11pc14pc18 = Wm11pc14pc18 * f_CO2 * d_1410; 

 

GHGm11pc15pc16 = Wm11pc15pc16 * f_CO2 * d_158; 

GHGm11pc15pc17 = Wm11pc15pc17 * f_CO2 * d_159; 

GHGm11pc15pc18 = Wm11pc15pc18 * f_CO2 * d_1510; 

 

!M12(DC); 

@FOR(M(I)|I#EQ#12: Ytot = Wm12p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_129  = Wm12pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1210 = Wm12pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1211 = Wm12pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1212 = Wm12pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1213 = Wm12pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1214 = Wm12pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1215 = Wm12pc15); 

 

Wm12p1 = Wm12pc9p1 + Wm12pc10p1 + Wm12pc11p1 + Wm12pc12p1 + Wm12pc13p1 + Wm12pc14p1 

+ Wm12pc15p1; 

 

TRCm12pc9p1  = Wm12pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm12pc10p1 = Wm12pc10p1 * (0.1 * d_10p + 0.5); 

TRCm12pc11p1 = Wm12pc11p1 * (0.1 * d_11p + 0.5); 

TRCm12pc12p1 = Wm12pc12p1 * (0.1 * d_12p + 0.5); 

TRCm12pc13p1 = Wm12pc13p1 * (0.1 * d_13p + 0.5); 

TRCm12pc14p1 = Wm12pc14p1 * (0.1 * d_14p + 0.5); 

TRCm12pc15p1 = Wm12pc15p1 * (0.1 * d_15p + 0.5); 

 



Appendices 

cclxii 

GHGm12pc9p1  = Wm12pc9p1  * f_CO2 * d_9p; 

GHGm12pc10p1 = Wm12pc10p1 * f_CO2 * d_10p; 

GHGm12pc11p1 = Wm12pc11p1 * f_CO2 * d_11p; 

GHGm12pc12p1 = Wm12pc12p1 * f_CO2 * d_12p; 

GHGm12pc13p1 = Wm12pc13p1 * f_CO2 * d_13p; 

GHGm12pc14p1 = Wm12pc14p1 * f_CO2 * d_14p; 

GHGm12pc15p1 = Wm12pc15p1 * f_CO2 * d_15p; 

 

!M13(PKS); 

@FOR(M(I)|I#EQ#13: Ytot = Wm13p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_139  = Wm13pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1310 = Wm13pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1311 = Wm13pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1312 = Wm13pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1313 = Wm13pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1314 = Wm13pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1315 = Wm13pc15); 

 

Wm13p1 = Wm13pc9p1 + Wm13pc10p1 + Wm13pc11p1 + Wm13pc12p1 + Wm13pc13p1 + Wm13pc14p1 

+ Wm13pc15p1; 

 

TRCm13pc9p1  = Wm13pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm13pc10p1 = Wm13pc10p1 * (0.1 * d_10p + 0.5); 

TRCm13pc11p1 = Wm13pc11p1 * (0.1 * d_11p + 0.5); 

TRCm13pc12p1 = Wm13pc12p1 * (0.1 * d_12p + 0.5); 

TRCm13pc13p1 = Wm13pc13p1 * (0.1 * d_13p + 0.5); 

TRCm13pc14p1 = Wm13pc14p1 * (0.1 * d_14p + 0.5); 

TRCm13pc15p1 = Wm13pc15p1 * (0.1 * d_15p + 0.5); 

 

GHGm13pc9p1  = Wm13pc9p1  * f_CO2 * d_9p; 

GHGm13pc10p1 = Wm13pc10p1 * f_CO2 * d_10p; 

GHGm13pc11p1 = Wm13pc11p1 * f_CO2 * d_11p; 

GHGm13pc12p1 = Wm13pc12p1 * f_CO2 * d_12p; 

GHGm13pc13p1 = Wm13pc13p1 * f_CO2 * d_13p; 

GHGm13pc14p1 = Wm13pc14p1 * f_CO2 * d_14p; 

GHGm13pc15p1 = Wm13pc15p1 * f_CO2 * d_15p; 

 

!M19(DLF); 

@FOR(M(I)|I#EQ#19: Ytot = Wm19p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_199  = Wm19pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1910 = Wm19pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1911 = Wm19pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1912 = Wm19pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1913 = Wm19pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1914 = Wm19pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1915 = Wm19pc15); 

 

Wm19p1 = Wm19pc9p1 + Wm19pc10p1 + Wm19pc11p1 + Wm19pc12p1 + Wm19pc13p1 + Wm19pc14p1 

+ Wm19pc15p1; 

 

TRCm19pc9p1  = Wm19pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm19pc10p1 = Wm19pc10p1 * (0.1 * d_10p + 0.5); 

TRCm19pc11p1 = Wm19pc11p1 * (0.1 * d_11p + 0.5); 

TRCm19pc12p1 = Wm19pc12p1 * (0.1 * d_12p + 0.5); 

TRCm19pc13p1 = Wm19pc13p1 * (0.1 * d_13p + 0.5); 

TRCm19pc14p1 = Wm19pc14p1 * (0.1 * d_14p + 0.5); 

TRCm19pc15p1 = Wm19pc15p1 * (0.1 * d_15p + 0.5); 

 

GHGm19pc9p1  = Wm19pc9p1  * f_CO2 * d_9p; 

GHGm19pc10p1 = Wm19pc10p1 * f_CO2 * d_10p; 

GHGm19pc11p1 = Wm19pc11p1 * f_CO2 * d_11p; 

GHGm19pc12p1 = Wm19pc12p1 * f_CO2 * d_12p; 

GHGm19pc13p1 = Wm19pc13p1 * f_CO2 * d_13p; 

GHGm19pc14p1 = Wm19pc14p1 * f_CO2 * d_14p; 

GHGm19pc15p1 = Wm19pc15p1 * f_CO2 * d_15p; 

 



Appendices 

cclxiii 

!M20(CHARCOAL); 

@FOR(M(I)|I#EQ#20: Ytot = Wm20p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_209  = Wm20pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_2010 = Wm20pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_2011 = Wm20pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_2012 = Wm20pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_2013 = Wm20pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_2014 = Wm20pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_2015 = Wm20pc15); 

 

Wm20p1 = Wm20pc9p1 + Wm20pc10p1 + Wm20pc11p1 + Wm20pc12p1 + Wm20pc13p1 + Wm20pc14p1 

+ Wm20pc15p1; 

 

TRCm20pc9p1  = Wm20pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm20pc10p1 = Wm20pc10p1 * (0.1 * d_10p + 0.5); 

TRCm20pc11p1 = Wm20pc11p1 * (0.1 * d_11p + 0.5); 

TRCm20pc12p1 = Wm20pc12p1 * (0.1 * d_12p + 0.5); 

TRCm20pc13p1 = Wm20pc13p1 * (0.1 * d_13p + 0.5); 

TRCm20pc14p1 = Wm20pc14p1 * (0.1 * d_14p + 0.5); 

TRCm20pc15p1 = Wm20pc15p1 * (0.1 * d_15p + 0.5); 

 

GHGm20pc9p1  = Wm20pc9p1  * f_CO2 * d_9p; 

GHGm20pc10p1 = Wm20pc10p1 * f_CO2 * d_10p; 

GHGm20pc11p1 = Wm20pc11p1 * f_CO2 * d_11p; 

GHGm20pc12p1 = Wm20pc12p1 * f_CO2 * d_12p; 

GHGm20pc13p1 = Wm20pc13p1 * f_CO2 * d_13p; 

GHGm20pc14p1 = Wm20pc14p1 * f_CO2 * d_14p; 

GHGm20pc15p1 = Wm20pc15p1 * f_CO2 * d_15p; 

 

!M21(CPKO); 

@FOR(M(I)|I#EQ#21: Ytot = Wm21p1); 

 

@FOR(PC(J)|J#EQ#16 : Xtot * a_2116 = Wm21pc16); 

@FOR(PC(J)|J#EQ#17 : Xtot * a_2117 = Wm21pc17); 

@FOR(PC(J)|J#EQ#18 : Xtot * a_2118 = Wm21pc18); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * -a_2119 = Wm21pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * -a_2120 = Wm21pc20); 

 

Wm21p1 = Wm21pc16p1 + Wm21pc17p1 + Wm21pc18p1; 

 

Wm21pc16 = Wm21pc16p1 + Wm21pc16pc19 +Wm21pc16pc20; 

Wm21pc17 = Wm21pc17p1 + Wm21pc17pc19 +Wm21pc17pc20; 

Wm21pc18 = Wm21pc18p1 + Wm21pc18pc19 +Wm21pc18pc20; 

 

Wm21pc19 = Wm21pc16pc19 + Wm21pc17pc19 + Wm21pc18pc19; 

Wm21pc20 = Wm21pc20pc20 + Wm21pc17pc20 + Wm21pc18pc20; 

 

TRCm21pc16p1 = Wm21pc16p1 * (0.1 * d_16p + 0.5); 

TRCm21pc17p1 = Wm21pc17p1 * (0.1 * d_17p + 0.5); 

TRCm21pc18p1 = Wm21pc18p1 * (0.1 * d_18p + 0.5); 

 

TRCm21pc16pc19 = Wm21pc16pc19 * (0.1 * d_1611 + 0.5); 

TRCm21pc17pc19 = Wm21pc17pc19 * (0.1 * d_1711 + 0.5); 

TRCm21pc18pc19 = Wm21pc18pc19 * (0.1 * d_1811 + 0.5); 

 

TRCm21pc16pc20 = Wm21pc16pc20 * (0.1 * d_1612 + 0.5); 

TRCm21pc17pc20 = Wm21pc17pc20 * (0.1 * d_1712 + 0.5); 

TRCm21pc18pc20 = Wm21pc18pc20 * (0.1 * d_1812 + 0.5); 

 

GHGm21pc16p1 = Wm21pc16p1 * f_CO2 * d_16p; 

GHGm21pc17p1 = Wm21pc17p1 * f_CO2 * d_17p; 

GHGm21pc18p1 = Wm21pc18p1 * f_CO2 * d_18p; 

 

GHGm21pc16pc19 = Wm21pc16pc19 * f_CO2 * d_1611; 

GHGm21pc17pc19 = Wm21pc17pc19 * f_CO2 * d_1711; 

GHGm21pc18pc19 = Wm21pc18pc19 * f_CO2 * d_1811; 
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GHGm21pc16pc20 = Wm21pc16pc20 * f_CO2 * d_1612; 

GHGm21pc17pc20 = Wm21pc17pc20 * f_CO2 * d_1712; 

GHGm21pc18pc20 = Wm21pc18pc20 * f_CO2 * d_1812; 

 

!M22(PKC); 

@FOR(M(I)|I#EQ#22: Ytot = Wm22p1); 

 

@FOR(PC(J)|J#EQ#16 : Xtot * a_2216 = Wm22pc16); 

@FOR(PC(J)|J#EQ#17 : Xtot * a_2217 = Wm22pc17); 

@FOR(PC(J)|J#EQ#18 : Xtot * a_2218 = Wm22pc18); 

 

Wm22p1 = Wm22pc16p1 + Wm22pc17p1 + Wm22pc18p1; 

 

Wm22pc16 = Wm22pc16p1; 

Wm22pc17 = Wm22pc17p1; 

Wm22pc18 = Wm22pc18p1; 

 

TRCm22pc16p1 = Wm22pc16p1 * (0.1 * d_16p + 0.5); 

TRCm22pc17p1 = Wm22pc17p1 * (0.1 * d_17p + 0.5); 

TRCm22pc18p1 = Wm22pc18p1 * (0.1 * d_18p + 0.5); 

 

GHGm22pc16p1 = Wm22pc16p1 * f_CO2 * d_16p; 

GHGm22pc17p1 = Wm22pc17p1 * f_CO2 * d_17p; 

GHGm22pc18p1 = Wm22pc18p1 * f_CO2 * d_18p; 

 

!M24(RBDPOL); 

@FOR(M(I)|I#EQ#24: Ytot = Wm24p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2419 = Wm24pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2420 = Wm24pc20); 

 

Wm24p1 = Wm24pc19p1 + Wm24pc20p1; 

 

Wm24pc19 = Wm24pc19p1; 

Wm24pc20 = Wm24pc20p1; 

 

TRCm24pc19p1 = Wm24pc19p1 * (0.1 * d_19p + 0.5); 

TRCm24pc20p1 = Wm24pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm24pc19p1 = Wm24pc19p1 * f_CO2 * d_19p; 

GHGm24pc20p1 = Wm24pc20p1 * f_CO2 * d_20p; 

 

!M25(RBDPS); 

@FOR(M(I)|I#EQ#25: Ytot = Wm25p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2519 = Wm25pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2520 = Wm25pc20); 

 

Wm25p1 = Wm25pc19p1 + Wm25pc20p1; 

 

Wm25pc19 = Wm25pc19p1; 

Wm25pc20 = Wm25pc20p1; 

 

TRCm25pc19p1 = Wm25pc19p1 * (0.1 * d_19p + 0.5); 

TRCm25pc20p1 = Wm25pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm25pc19p1 = Wm25pc19p1 * f_CO2 * d_19p; 

GHGm25pc20p1 = Wm25pc20p1 * f_CO2 * d_20p; 

 

!M26(PFAD); 

@FOR(M(I)|I#EQ#26: Ytot = Wm26p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2619 = Wm26pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2620 = Wm26pc20); 

 

Wm26p1 = Wm26pc19p1 + Wm26pc20p1; 
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Wm26pc19 = Wm26pc19p1; 

Wm26pc20 = Wm26pc20p1; 

 

TRCm26pc19p1 = Wm26pc19p1 * (0.1 * d_19p + 0.5); 

TRCm26pc20p1 = Wm26pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm26pc19p1 = Wm26pc19p1 * f_CO2 * d_19p; 

GHGm26pc20p1 = Wm26pc20p1 * f_CO2 * d_20p; 

 

!M27(RBDPKO); 

@FOR(M(I)|I#EQ#27: Ytot = Wm27p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2719 = Wm27pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2720 = Wm27pc20); 

 

Wm27p1 = Wm27pc19p1 + Wm27pc20p1; 

 

Wm27pc19 = Wm27pc19p1; 

Wm27pc20 = Wm27pc20p1; 

 

TRCm27pc19p1 = Wm27pc19p1 * (0.1 * d_19p + 0.5); 

TRCm27pc20p1 = Wm27pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm27pc19p1 = Wm27pc19p1 * f_CO2 * d_19p; 

GHGm27pc20p1 = Wm27pc20p1 * f_CO2 * d_20p; 

 

!M28(RBDPKOL); 

@FOR(M(I)|I#EQ#28: Ytot = Wm28p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2819 = Wm28pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2820 = Wm28pc20); 

 

Wm28p1 = Wm28pc19p1 + Wm28pc20p1; 

 

Wm28pc19 = Wm28pc19p1; 

Wm28pc20 = Wm28pc20p1; 

 

TRCm28pc19p1 = Wm28pc19p1 * (0.1 * d_19p + 0.5); 

TRCm28pc20p1 = Wm28pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm28pc19p1 = Wm28pc19p1 * f_CO2 * d_19p; 

GHGm28pc20p1 = Wm28pc20p1 * f_CO2 * d_20p; 

 

!M29(RBDPKS); 

@FOR(M(I)|I#EQ#29: Ytot = Wm29p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2919 = Wm29pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2920 = Wm29pc20); 

 

Wm29p1 = Wm29pc19p1 + Wm29pc20p1; 

 

Wm29pc19 = Wm29pc19p1; 

Wm29pc20 = Wm29pc20p1; 

 

TRCm29pc19p1 = Wm29pc19p1 * (0.1 * d_19p + 0.5); 

TRCm29pc20p1 = Wm29pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm29pc19p1 = Wm29pc19p1 * f_CO2 * d_19p; 

GHGm29pc20p1 = Wm29pc20p1 * f_CO2 * d_20p; 

 

!M30(RBDPKS); 

@FOR(M(I)|I#EQ#30: Ytot = Wm30p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_3019 = Wm30pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_3020 = Wm30pc20); 

 

Wm30p1 = Wm30pc19p1 + Wm30pc20p1; 
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Wm30pc19 = Wm30pc19p1; 

Wm30pc20 = Wm30pc20p1; 

 

TRCm30pc19p1 = Wm30pc19p1 * (0.1 * d_19p + 0.5); 

TRCm30pc20p1 = Wm30pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm30pc19p1 = Wm30pc19p1 * f_CO2 * d_19p; 

GHGm30pc20p1 = Wm30pc20p1 * f_CO2 * d_20p; 

 

!TRANSPORTATION COST, TRC; 

TRCpc1  = (TRCm2p1pc1 + TRCm3p1pc1 + TRCm4p1pc1 + TRCm5p1pc1 + TRCm6p1pc1 + 

TRCM6pc9pc1 + TRCM6pc10pc1 + TRCM6pc11pc1 + TRCM6pc12pc1 + TRCM6pc13pc1 + 

TRCM6pc14pc1 + TRCM6pc15pc1) / 1000000; 

TRCpc2  = (TRCm2p1pc2 + TRCm3p1pc2 + TRCm4p1pc2 + TRCm5p1pc2 + TRCm6p1pc2 + 

TRCM6pc9pc2 + TRCM6pc10pc2 + TRCM6pc11pc2 + TRCM6pc12pc2 + TRCM6pc13pc2 + 

TRCM6pc14pc2 + TRCM6pc15pc2) / 1000000; 

TRCpc3  = (TRCm2p1pc3 + TRCm3p1pc3 + TRCm4p1pc3 + TRCm5p1pc3 + TRCm6p1pc3 + 

TRCM6pc9pc3 + TRCM6pc10pc3 + TRCM6pc11pc3 + TRCM6pc12pc3 + TRCM6pc13pc3 + 

TRCM6pc14pc3 + TRCM6pc15pc3) / 1000000; 

TRCpc4  = (TRCm2p1pc4 + TRCm3p1pc4 + TRCm4p1pc4 + TRCm5p1pc4 + TRCm6p1pc4 + 

TRCM6pc9pc4 + TRCM6pc10pc4 + TRCM6pc11pc4 + TRCM6pc12pc4 + TRCM6pc13pc4 + 

TRCM6pc14pc4 + TRCM6pc15pc4) / 1000000; 

TRCpc5  = (TRCm2p1pc5 + TRCm3p1pc5 + TRCm4p1pc5 + TRCm5p1pc5 + TRCm6p1pc5 + 

TRCM6pc9pc5 + TRCM6pc10pc5 + TRCM6pc11pc5 + TRCM6pc12pc5 + TRCM6pc13pc5 + 

TRCM6pc14pc5 + TRCM6pc15pc5) / 1000000; 

TRCpc6  = (TRCm2p1pc6 + TRCm3p1pc6 + TRCm4p1pc6 + TRCm5p1pc6 + TRCm6p1pc6 + 

TRCM6pc9pc6 + TRCM6pc10pc6 + TRCM6pc11pc6 + TRCM6pc12pc6 + TRCM6pc13pc6 + 

TRCM6pc14pc6 + TRCM6pc15pc6) / 1000000; 

TRCpc7  = (TRCm2p1pc7 + TRCm3p1pc7 + TRCm4p1pc7 + TRCm5p1pc7 + TRCm6p1pc7 + 

TRCM6pc9pc7 + TRCM6pc10pc7 + TRCM6pc11pc7 + TRCM6pc12pc7 + TRCM6pc13pc7 + 

TRCM6pc14pc7 + TRCM6pc15pc7) / 1000000; 

TRCpc8  = (TRCm2p1pc8 + TRCm3p1pc8 + TRCm4p1pc8 + TRCm5p1pc8 + TRCm6p1pc8 + 

TRCM6pc9pc8 + TRCM6pc10pc8 + TRCM6pc11pc8 + TRCM6pc12pc8 + TRCM6pc13pc8 + 

TRCM6pc14pc8 + TRCM6pc15pc8) / 1000000; 

TRCpc9  = (TRCm7pc1pc9  + TRCm7pc2pc9  + TRCm7pc3pc9  + TRCm7pc4pc9  + TRCm7pc5pc9  

+ TRCm7pc6pc9  + TRCm7pc7pc9  + TRCm7pc8pc9  + TRCm10pc9p1  + TRCm10pc9pc19  + 

TRCm10pc9pc20  + TRCm11pc9pc16  + TRCm11pc9pc17  + TRCm11pc9pc18  + TRCm12pc9p1  + 

TRCm13pc9p1  + TRCm19pc9p1  + TRCm20pc9p1 ) / 1000000;  

TRCpc10 = (TRCm7pc1pc10 + TRCm7pc2pc10 + TRCm7pc3pc10 + TRCm7pc4pc10 + TRCm7pc5pc10 

+ TRCm7pc6pc10 + TRCm7pc7pc10 + TRCm7pc8pc10 + TRCm10pc10p1 + TRCm10pc10pc19 + 

TRCm10pc10pc20 + TRCm11pc10pc16 + TRCm11pc10pc17 + TRCm11pc10pc18 + TRCm12pc10p1 + 

TRCm13pc10p1 + TRCm19pc10p1 + TRCm20pc10p1) / 1000000; 

TRCpc11 = (TRCm7pc1pc11 + TRCm7pc2pc11 + TRCm7pc3pc11 + TRCm7pc4pc11 + TRCm7pc5pc11 

+ TRCm7pc6pc11 + TRCm7pc7pc11 + TRCm7pc8pc11 + TRCm10pc11p1 + TRCm10pc11pc19 + 

TRCm10pc11pc20 + TRCm11pc11pc16 + TRCm11pc11pc17 + TRCm11pc11pc18 + TRCm12pc11p1 + 

TRCm13pc11p1 + TRCm19pc11p1 + TRCm20pc11p1) / 1000000; 

TRCpc12 = (TRCm7pc1pc12 + TRCm7pc2pc12 + TRCm7pc3pc12 + TRCm7pc4pc12 + TRCm7pc5pc12 

+ TRCm7pc6pc12 + TRCm7pc7pc12 + TRCm7pc8pc12 + TRCm10pc12p1 + TRCm10pc12pc19 + 

TRCm10pc12pc20 + TRCm11pc12pc16 + TRCm11pc12pc17 + TRCm11pc12pc18 + TRCm12pc12p1 + 

TRCm13pc12p1 + TRCm19pc12p1 + TRCm20pc12p1) / 1000000; 

TRCpc13 = (TRCm7pc1pc13 + TRCm7pc2pc13 + TRCm7pc3pc13 + TRCm7pc4pc13 + TRCm7pc5pc13 

+ TRCm7pc6pc13 + TRCm7pc7pc13 + TRCm7pc8pc13 + TRCm10pc13p1 + TRCm10pc13pc19 + 

TRCm10pc13pc20 + TRCm11pc13pc16 + TRCm11pc13pc17 + TRCm11pc13pc18 + TRCm12pc13p1 + 

TRCm13pc13p1 + TRCm19pc13p1 + TRCm20pc13p1) / 1000000; 

TRCpc14 = (TRCm7pc1pc14 + TRCm7pc2pc14 + TRCm7pc3pc14 + TRCm7pc4pc14 + TRCm7pc5pc14 

+ TRCm7pc6pc14 + TRCm7pc7pc14 + TRCm7pc8pc14 + TRCm10pc14p1 + TRCm10pc14pc19 + 

TRCm10pc14pc20 + TRCm11pc14pc16 + TRCm11pc14pc17 + TRCm11pc14pc18 + TRCm12pc14p1 + 

TRCm13pc14p1 + TRCm19pc14p1 + TRCm20pc14p1) / 1000000; 

TRCpc15 = (TRCm7pc1pc15 + TRCm7pc2pc15 + TRCm7pc3pc15 + TRCm7pc4pc15 + TRCm7pc5pc15 

+ TRCm7pc6pc15 + TRCm7pc7pc15 + TRCm7pc8pc15 + TRCm10pc15p1 + TRCm10pc15pc19 + 

TRCm10pc15pc20 + TRCm11pc15pc16 + TRCm11pc15pc17 + TRCm11pc15pc18 + TRCm12pc15p1 + 

TRCm13pc15p1 + TRCm19pc15p1 + TRCm20pc15p1) / 1000000; 

TRCpc16 = (TRCm21pc16p1 + TRCm21pc16pc19 + TRCm21pc16pc20 + TRCm22pc16p1) / 

1000000; 

TRCpc17 = (TRCm21pc17p1 + TRCm21pc17pc19 + TRCm21pc17pc20 + TRCm22pc17p1) / 

1000000; 

TRCpc18 = (TRCm21pc18p1 + TRCm21pc18pc19 + TRCm21pc18pc20 + TRCm22pc18p1) / 

1000000; 
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TRCpc19 = (TRCm24pc19p1 + TRCm25pc19p1 + TRCm26pc19p1 + TRCm27pc19p1 + TRCm28pc19p1 

+ TRCm29pc19p1 + TRCm30pc19p1) / 1000000; 

TRCpc20 = (TRCm24pc20p1 + TRCm25pc20p1 + TRCm26pc20p1 + TRCm27pc20p1 + TRCm28pc20p1 

+ TRCm29pc20p1 + TRCm30pc20p1) / 1000000; 

 

TRCtot = TRCpc1 + TRCpc2 + TRCpc3 + TRCpc4 + TRCpc5 + TRCpc6 + TRCpc7 + TRCpc8 + 

TRCpc9 + TRCpc10 + TRCpc11 + TRCpc12 + TRCpc13 + TRCpc14 + TRCpc15 + TRCpc16 + 

TRCpc17 + TRCpc18 + TRCpc19 + TRCpc20; 

 

!TRANSPORTATION GHG, TRGHG; 

TRGHGpc1  = GHGm2p1pc1 + GHGm3p1pc1 + GHGm4p1pc1 + GHGm5p1pc1 + GHGm6p1pc1 + 

GHGm6pc9pc1 + GHGm6pc10pc1 + GHGm6pc11pc1 + GHGm6pc12pc1 + GHGm6pc13pc1 + 

GHGm6pc14pc1 + GHGm6pc15pc1; 

TRGHGpc2  = GHGm2p1pc2 + GHGm3p1pc2 + GHGm4p1pc2 + GHGm5p1pc2 + GHGm6p1pc2 + 

GHGm6pc9pc2 + GHGm6pc10pc2 + GHGm6pc11pc2 + GHGm6pc12pc2 + GHGm6pc13pc2 + 

GHGm6pc14pc2 + GHGm6pc15pc2; 

TRGHGpc3  = GHGm2p1pc3 + GHGm3p1pc3 + GHGm4p1pc3 + GHGm5p1pc3 + GHGm6p1pc3 + 

GHGm6pc9pc3 + GHGm6pc10pc3 + GHGm6pc11pc3 + GHGm6pc12pc3 + GHGm6pc13pc3 + 

GHGm6pc14pc3 + GHGm6pc15pc3; 

TRGHGpc4  = GHGm2p1pc4 + GHGm3p1pc4 + GHGm4p1pc4 + GHGm5p1pc4 + GHGm6p1pc4 + 

GHGm6pc9pc4 + GHGm6pc10pc4 + GHGm6pc11pc4 + GHGm6pc12pc4 + GHGm6pc13pc4 + 

GHGm6pc14pc4 + GHGm6pc15pc4; 

TRGHGpc5  = GHGm2p1pc5 + GHGm3p1pc5 + GHGm4p1pc5 + GHGm5p1pc5 + GHGm6p1pc5 + 

GHGm6pc9pc5 + GHGm6pc10pc5 + GHGm6pc11pc5 + GHGm6pc12pc5 + GHGm6pc13pc5 + 

GHGm6pc14pc5 + GHGm6pc15pc5; 

TRGHGpc6  = GHGm2p1pc6 + GHGm3p1pc6 + GHGm4p1pc6 + GHGm5p1pc6 + GHGm6p1pc6 + 

GHGm6pc9pc6 + GHGm6pc10pc6 + GHGm6pc11pc6 + GHGm6pc12pc6 + GHGm6pc13pc6 + 

GHGm6pc14pc6 + GHGm6pc15pc6; 

TRGHGpc7  = GHGm2p1pc7 + GHGm3p1pc7 + GHGm4p1pc7 + GHGm5p1pc7 + GHGm6p1pc7 + 

GHGm6pc9pc7 + GHGm6pc10pc7 + GHGm6pc11pc7 + GHGm6pc12pc7 + GHGm6pc13pc7 + 

GHGm6pc14pc7 + GHGm6pc15pc7; 

TRGHGpc8  = GHGm2p1pc8 + GHGm3p1pc8 + GHGm4p1pc8 + GHGm5p1pc8 + GHGm6p1pc8 + 

GHGm6pc9pc8 + GHGm6pc10pc8 + GHGm6pc11pc8 + GHGm6pc12pc8 + GHGm6pc13pc8 + 

GHGm6pc14pc8 + GHGm6pc15pc8; 

TRGHGpc9  = GHGm7pc1pc9  + GHGm7pc2pc9  + GHGm7pc3pc9  + GHGm7pc4pc9  + GHGm7pc5pc9  

+ GHGm7pc6pc9  + GHGm7pc7pc9  + GHGm7pc8pc9  + GHGm10pc9p1  + GHGm10pc9pc19  + 

GHGm10pc9pc20  + GHGm11pc9pc16  + GHGm11pc9pc17  + GHGm11pc9pc18  + GHGm12pc9p1  + 

GHGm13pc9p1  + GHGm19pc9p1  + GHGm20pc9p1;  

TRGHGpc10 = GHGm7pc1pc10 + GHGm7pc2pc10 + GHGm7pc3pc10 + GHGm7pc4pc10 + 

GHGm7pc5pc10 + GHGm7pc6pc10 + GHGm7pc7pc10 + GHGm7pc8pc10 + GHGm10pc10p1 + 

GHGm10pc10pc19 + GHGm10pc10pc20 + GHGm11pc10pc16 + GHGm11pc10pc17 + GHGm11pc10pc18 

+ GHGm12pc10p1 + GHGm13pc10p1 + GHGm19pc10p1 + GHGm20pc10p1; 

TRGHGpc11 = GHGm7pc1pc11 + GHGm7pc2pc11 + GHGm7pc3pc11 + GHGm7pc4pc11 + 

GHGm7pc5pc11 + GHGm7pc6pc11 + GHGm7pc7pc11 + GHGm7pc8pc11 + GHGm10pc11p1 + 

GHGm10pc11pc19 + GHGm10pc11pc20 + GHGm11pc11pc16 + GHGm11pc11pc17 + GHGm11pc11pc18 

+ GHGm12pc11p1 + GHGm13pc11p1 + GHGm19pc11p1 + GHGm20pc11p1; 

TRGHGpc12 = GHGm7pc1pc12 + GHGm7pc2pc12 + GHGm7pc3pc12 + GHGm7pc4pc12 + 

GHGm7pc5pc12 + GHGm7pc6pc12 + GHGm7pc7pc12 + GHGm7pc8pc12 + GHGm10pc12p1 + 

GHGm10pc12pc19 + GHGm10pc12pc20 + GHGm11pc12pc16 + GHGm11pc12pc17 + GHGm11pc12pc18 

+ GHGm12pc12p1 + GHGm13pc12p1 + GHGm19pc12p1 + GHGm20pc12p1; 

TRGHGpc13 = GHGm7pc1pc13 + GHGm7pc2pc13 + GHGm7pc3pc13 + GHGm7pc4pc13 + 

GHGm7pc5pc13 + GHGm7pc6pc13 + GHGm7pc7pc13 + GHGm7pc8pc13 + GHGm10pc13p1 + 

GHGm10pc13pc19 + GHGm10pc13pc20 + GHGm11pc13pc16 + GHGm11pc13pc17 + GHGm11pc13pc18 

+ GHGm12pc13p1 + GHGm13pc13p1 + GHGm19pc13p1 + GHGm20pc13p1; 

TRGHGpc14 = GHGm7pc1pc14 + GHGm7pc2pc14 + GHGm7pc3pc14 + GHGm7pc4pc14 + 

GHGm7pc5pc14 + GHGm7pc6pc14 + GHGm7pc7pc14 + GHGm7pc8pc14 + GHGm10pc14p1 + 

GHGm10pc14pc19 + GHGm10pc14pc20 + GHGm11pc14pc16 + GHGm11pc14pc17 + GHGm11pc14pc18 

+ GHGm12pc14p1 + GHGm13pc14p1 + GHGm19pc14p1 + GHGm20pc14p1; 

TRGHGpc15 = GHGm7pc1pc15 + GHGm7pc2pc15 + GHGm7pc3pc15 + GHGm7pc4pc15 + 

GHGm7pc5pc15 + GHGm7pc6pc15 + GHGm7pc7pc15 + GHGm7pc8pc15 + GHGm10pc15p1 + 

GHGm10pc15pc19 + GHGm10pc15pc20 + GHGm11pc15pc16 + GHGm11pc15pc17 + GHGm11pc15pc18 

+ GHGm12pc15p1 + GHGm13pc15p1 + GHGm19pc15p1 + GHGm20pc15p1; 

TRGHGpc16 = GHGm21pc16p1 + GHGm21pc16pc19 + GHGm21pc16pc20 + GHGm22pc16p1; 

TRGHGpc17 = GHGm21pc17p1 + GHGm21pc17pc19 + GHGm21pc17pc20 + GHGm22pc17p1; 

TRGHGpc18 = GHGm21pc18p1 + GHGm21pc18pc19 + GHGm21pc18pc20 + GHGm22pc18p1; 

TRGHGpc19 = GHGm24pc19p1 + GHGm25pc19p1 + GHGm26pc19p1 + GHGm27pc19p1 + 

GHGm28pc19p1 + GHGm29pc19p1 + GHGm30pc19p1; 
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TRGHGpc20 = GHGm24pc20p1 + GHGm25pc20p1 + GHGm26pc20p1 + GHGm27pc20p1 + 

GHGm28pc20p1 + GHGm29pc20p1 + GHGm30pc20p1; 

 

TRGHG = TRGHGpc1 + TRGHGpc2 + TRGHGpc3 + TRGHGpc4 + TRGHGpc5 + TRGHGpc6 + TRGHGpc7 

+ TRGHGpc8 + TRGHGpc9 + TRGHGpc10 + TRGHGpc11 + TRGHGpc12 + TRGHGpc13 + TRGHGpc14 + 

TRGHGpc15 + TRGHGpc16 + TRGHGpc17 + TRGHGpc18 + TRGHGpc19 + TRGHGpc20; 

 

!OBJECTIVE FUNCTION; 

Max = EPtot; 

EPtot  = GPtot - TAC;       @FREE(EPtot); 

GPtot  = @SUM(M(I): Ytot(I) * Cm(I)) / 1000000 - TRCtot - OPEX; @FREE(GPtot); 

@FOR(M(I)|I#EQ#8: Ytot(I) + TRGHG = GHGtot);  

 

DATA: 

Yu,Yl,Cm,Xu,Xl,CC,OC,A_POVC,f_CO2, 

a_21,a_22,a_23,a_24,a_25,a_26,a_27,a_28, 

a_31,a_32,a_33,a_34,a_35,a_36,a_37,a_38, 

a_41,a_42,a_43,a_44,a_45,a_46,a_47,a_48, 

a_51,a_52,a_53,a_54,a_55,a_56,a_57,a_58  

a_61,a_62,a_63,a_64,a_65,a_66,a_67,a_68,a_69,a_610,a_611,a_612,a_613,a_614,a_615, 

a_71,a_72,a_73,a_74,a_75,a_76,a_77,a_78,a_79,a_710,a_711,a_712,a_713,a_714,a_715, 

a_109,a_1010,a_1011,a_1012,a_1013,a_1014,a_1015,a_1019,a_1020, 

a_119,a_1110,a_1111,a_1112,a_1113,a_1114,a_1115,a_1116,a_1117,a_1118, 

a_129,a_1210,a_1211,a_1212,a_1213,a_1214,a_1215, 

a_139,a_1310,a_1311,a_1312,a_1313,a_1314,a_1315, 

a_199,a_1910,a_1911,a_1912,a_1913,a_1914,a_1915, 

a_209,a_2010,a_2011,a_2012,a_2013,a_2014,a_2015, 

a_2116,a_2117,a_2118,a_2119,a_2120, 

a_2216,a_2217,a_2218,a_2419,a_2420, 

a_2519,a_2520,a_2619,a_2620,a_2719,a_2720,a_2819,a_2820,a_2919,a_2920,a_3019,a_3020

, 

d_11,d_12,d_13,d_14,d_15,d_16,d_17,d_1p, 

d_21,d_22,d_23,d_24,d_25,d_26,d_27,d_2p, 

d_31,d_32,d_33,d_34,d_35,d_36,d_37,d_3p, 

d_41,d_42,d_43,d_44,d_45,d_46,d_47,d_4p, 

d_51,d_52,d_53,d_54,d_55,d_56,d_57,d_5p, 

d_61,d_62,d_63,d_64,d_65,d_66,d_67,d_6p, 

d_71,d_72,d_73,d_74,d_75,d_76,d_77,d_7p, 

d_81,d_82,d_83,d_84,d_85,d_86,d_87,d_8p, 

d_98,d_99,d_910,d_911,d_912,d_9p, 

d_108,d_109,d_1010,d_1011,d_1012,d_10p, 

d_118,d_119,d_1110,d_1111,d_1112,d_11p, 

d_128,d_129,d_1210,d_1211,d_1212,d_12p, 

d_138,d_139,d_1310,d_1311,d_1312,d_13p, 

d_148,d_149,d_1410,d_1411,d_1412,d_14p, 

d_158,d_159,d_1510,d_1511,d_1512,d_15p, 

d_1611,d_1612,d_16p, 

d_1711,d_1712,d_17p, 

d_1811,d_1812,d_18p, 

d_19p,d_20p 

= @OLE('', 

'Yu','Yl','Cm','Xu','Xl','CC','OC','A_POVC','f_CO2', 

'a_21','a_22','a_23','a_24','a_25','a_26','a_27','a_28', 

'a_31','a_32','a_33','a_34','a_35','a_36','a_37','a_38', 

'a_41','a_42','a_43','a_44','a_45','a_46','a_47','a_48', 

'a_51','a_52','a_53','a_54','a_55','a_56','a_57','a_58', 

'a_61','a_62','a_63','a_64','a_65','a_66','a_67','a_68','a_69','a_610','a_611','a_6

12','a_613','a_614','a_615', 

'a_71','a_72','a_73','a_74','a_75','a_76','a_77','a_78','a_79','a_710','a_711','a_7

12','a_713','a_714','a_715', 

'a_109','a_1010','a_1011','a_1012','a_1013','a_1014','a_1015','a_1019','a_1020', 

'a_119','a_1110','a_1111','a_1112','a_1113','a_1114','a_1115','a_1116','a_1117','a_

1118', 

'a_129','a_1210','a_1211','a_1212','a_1213','a_1214','a_1215', 

'a_139','a_1310','a_1311','a_1312','a_1313','a_1314','a_1315', 

'a_149','a_1410','a_1411','a_1412','a_1413','a_1414','a_1415', 

'a_209','a_2010','a_2011','a_2012','a_2013','a_2014','a_2015', 

'a_2116','a_2117','a_2118','a_2119','a_2120', 



Appendices 

cclxix 

'a_2216','a_2217','a_2218','a_2419','a_2420', 

'a_2519','a_2520','a_2619','a_2620','a_2719','a_2720','a_2819','a_2820','a_2919','a

_2920','a_3019','a_3020', 

'd_11','d_12','d_13','d_14','d_15','d_16','d_17','d_1p', 

'd_21','d_22','d_23','d_24','d_25','d_26','d_27','d_2p', 

'd_31','d_32','d_33','d_34','d_35','d_36','d_37','d_3p', 

'd_41','d_42','d_43','d_44','d_45','d_46','d_47','d_4p', 

'd_51','d_52','d_53','d_54','d_55','d_56','d_57','d_5p', 

'd_61','d_62','d_63','d_64','d_65','d_66','d_67','d_6p', 

'd_71','d_72','d_73','d_74','d_75','d_76','d_77','d_7p', 

'd_81','d_82','d_83','d_84','d_85','d_86','d_87','d_8p', 

'd_98','d_99','d_910','d_911','d_912','d_9p', 

'd_108','d_109','d_1010','d_1011','d_1012','d_10p', 

'd_118','d_119','d_1110','d_1111','d_1112','d_11p', 

'd_128','d_129','d_1210','d_1211','d_1212','d_12p', 

'd_138','d_139','d_1310','d_1311','d_1312','d_13p', 

'd_148','d_149','d_1410','d_1411','d_1412','d_14p', 

'd_158','d_159','d_1510','d_1511','d_1512','d_15p', 

'd_1611','d_1612','d_16p', 

'd_1711','d_1712','d_17p', 

'd_1811','d_1812','d_18p', 

'd_19p','d_20p' 

); 

 

@OLE('', 

'Xtot','Ytot','EPtot','GPtot','TAC', 

'Wm6p1pc1','Wm6p1pc2','Wm6p1pc3','Wm6p1pc4','Wm6p1pc5','Wm6p1pc6','Wm6p1pc7','Wm6p1

pc8', 

'Wm6pc9pc1','Wm6pc10pc1','Wm6pc11pc1','Wm6pc12pc1','Wm6pc13pc1','Wm6pc14pc1','Wm6pc

15pc1', 

'Wm6pc9pc2','Wm6pc10pc2','Wm6pc11pc2','Wm6pc12pc2','Wm6pc13pc2','Wm6pc14pc2','Wm6pc

15pc2', 

'Wm6pc9pc3','Wm6pc10pc3','Wm6pc11pc3','Wm6pc12pc3','Wm6pc13pc3','Wm6pc14pc3','Wm6pc

15pc3', 

'Wm6pc9pc4','Wm6pc10pc4','Wm6pc11pc4','Wm6pc12pc4','Wm6pc13pc4','Wm6pc14pc4','Wm6pc

15pc4', 

'Wm6pc9pc5','Wm6pc10pc5','Wm6pc11pc5','Wm6pc12pc5','Wm6pc13pc5','Wm6pc14pc5','Wm6pc

15pc5', 

'Wm6pc9pc6','Wm6pc10pc6','Wm6pc11pc6','Wm6pc12pc6','Wm6pc13pc6','Wm6pc14pc6','Wm6pc

15pc6', 

'Wm6pc9pc7','Wm6pc10pc7','Wm6pc11pc7','Wm6pc12pc7','Wm6pc13pc7','Wm6pc14pc7','Wm6pc

15pc7', 

'Wm6pc9pc8','Wm6pc10pc8','Wm6pc11pc8','Wm6pc12pc8','Wm6pc13pc8','Wm6pc14pc8','Wm6pc

15pc8', 

'Wm7pc1pc9','Wm7pc1pc10','Wm7pc1pc11','Wm7pc1pc12','Wm7pc1pc13','Wm7pc1pc14','Wm7pc

1pc15', 

'Wm7pc2pc9','Wm7pc2pc10','Wm7pc2pc11','Wm7pc2pc12','Wm7pc2pc13','Wm7pc2pc14','Wm7pc

2pc15', 

'Wm7pc3pc9','Wm7pc3pc10','Wm7pc3pc11','Wm7pc3pc12','Wm7pc3pc13','Wm7pc3pc14','Wm7pc

3pc15', 

'Wm7pc4pc9','Wm7pc4pc10','Wm7pc4pc11','Wm7pc4pc12','Wm7pc4pc13','Wm7pc4pc14','Wm7pc

4pc15', 

'Wm7pc5pc9','Wm7pc5pc10','Wm7pc5pc11','Wm7pc5pc12','Wm7pc5pc13','Wm7pc5pc14','Wm7pc

5pc15', 

'Wm7pc6pc9','Wm7pc6pc10','Wm7pc6pc11','Wm7pc6pc12','Wm7pc6pc13','Wm7pc6pc14','Wm7pc

6pc15', 

'Wm7pc7pc9','Wm7pc7pc10','Wm7pc7pc11','Wm7pc7pc12','Wm7pc7pc13','Wm7pc7pc14','Wm7pc

7pc15', 

'Wm7pc8pc9','Wm7pc8pc10','Wm7pc8pc11','Wm7pc8pc12','Wm7pc8pc13','Wm7pc8pc14','Wm7pc

8pc15', 

'Wm10pc9p1','Wm10pc9pc19','Wm10pc9pc20', 

'Wm10pc10p1','Wm10pc10pc19','Wm10pc10pc20', 

'Wm10pc11p1','Wm10pc11pc19','Wm10pc11pc20', 

'Wm10pc12p1','Wm10pc12pc19','Wm10pc12pc20', 

'Wm10pc13p1','Wm10pc13pc19','Wm10pc13pc20', 

'Wm10pc14p1','Wm10pc14pc19','Wm10pc14pc20', 

'Wm10pc15p1','Wm10pc15pc19','Wm10pc15pc20', 

'Wm21pc16p1','Wm21pc16pc19','Wm21pc16pc20', 



Appendices 

cclxx 

'Wm21pc17p1','Wm21pc17pc19','Wm21pc17pc20', 

'Wm21pc18p1','Wm21pc18pc19','Wm21pc18pc20', 

'TRCtot','TRCpc1','TRCpc2','TRCpc3','TRCpc4','TRCpc5','TRCpc6','TRCpc7','TRCpc8','T

RCpc9','TRCpc10', 

'TRCpc11','TRCpc12','TRCpc13','TRCpc14','TRCpc15','TRCpc16','TRCpc17','TRCpc18','TR

Cpc19','TRCpc20', 

'TRGHG','TRGHGpc1','TRGHGpc2','TRGHGpc3','TRGHGpc4','TRGHGpc5','TRGHGpc6','TRGHGpc7

','TRGHGpc8','TRGHGpc9','TRGHGpc10', 

'TRGHGpc11','TRGHGpc12','TRGHGpc13','TRGHGpc14','TRGHGpc15','TRGHGpc16','TRGHGpc17'

,'TRGHGpc18','TRGHGpc19','TRGHGpc20', 

'GHGtot' 

)=  

Xtot,Ytot,EPtot,GPtot,TAC, 

Wm6p1pc1,Wm6p1pc2,Wm6p1pc3,Wm6p1pc4,Wm6p1pc5,Wm6p1pc6,Wm6p1pc7,Wm6p1pc8, 

Wm6pc9pc1,Wm6pc10pc1,Wm6pc11pc1,Wm6pc12pc1,Wm6pc13pc1,Wm6pc14pc1,Wm6pc15pc1, 

Wm6pc9pc2,Wm6pc10pc2,Wm6pc11pc2,Wm6pc12pc2,Wm6pc13pc2,Wm6pc14pc2,Wm6pc15pc2, 

Wm6pc9pc3,Wm6pc10pc3,Wm6pc11pc3,Wm6pc12pc3,Wm6pc13pc3,Wm6pc14pc3,Wm6pc15pc3, 

Wm6pc9pc4,Wm6pc10pc4,Wm6pc11pc4,Wm6pc12pc4,Wm6pc13pc4,Wm6pc14pc4,Wm6pc15pc4, 

Wm6pc9pc5,Wm6pc10pc5,Wm6pc11pc5,Wm6pc12pc5,Wm6pc13pc5,Wm6pc14pc5,Wm6pc15pc5, 

Wm6pc9pc6,Wm6pc10pc6,Wm6pc11pc6,Wm6pc12pc6,Wm6pc13pc6,Wm6pc14pc6,Wm6pc15pc6, 

Wm6pc9pc7,Wm6pc10pc7,Wm6pc11pc7,Wm6pc12pc7,Wm6pc13pc7,Wm6pc14pc7,Wm6pc15pc7, 

Wm6pc9pc8,Wm6pc10pc8,Wm6pc11pc8,Wm6pc12pc8,Wm6pc13pc8,Wm6pc14pc8,Wm6pc15pc8, 

Wm7pc1pc9,Wm7pc1pc10,Wm7pc1pc11,Wm7pc1pc12,Wm7pc1pc13,Wm7pc1pc14,Wm7pc1pc15, 

Wm7pc2pc9,Wm7pc2pc10,Wm7pc2pc11,Wm7pc2pc12,Wm7pc2pc13,Wm7pc2pc14,Wm7pc2pc15, 

Wm7pc3pc9,Wm7pc3pc10,Wm7pc3pc11,Wm7pc3pc12,Wm7pc3pc13,Wm7pc3pc14,Wm7pc3pc15, 

Wm7pc4pc9,Wm7pc4pc10,Wm7pc4pc11,Wm7pc4pc12,Wm7pc4pc13,Wm7pc4pc14,Wm7pc4pc15, 

Wm7pc5pc9,Wm7pc5pc10,Wm7pc5pc11,Wm7pc5pc12,Wm7pc5pc13,Wm7pc5pc14,Wm7pc5pc15, 

Wm7pc6pc9,Wm7pc6pc10,Wm7pc6pc11,Wm7pc6pc12,Wm7pc6pc13,Wm7pc6pc14,Wm7pc6pc15, 

Wm7pc7pc9,Wm7pc7pc10,Wm7pc7pc11,Wm7pc7pc12,Wm7pc7pc13,Wm7pc7pc14,Wm7pc7pc15, 

Wm7pc8pc9,Wm7pc8pc10,Wm7pc8pc11,Wm7pc8pc12,Wm7pc8pc13,Wm7pc8pc14,Wm7pc8pc15, 

Wm10pc9p1,Wm10pc9pc19,Wm10pc9pc20, 

Wm10pc10p1,Wm10pc10pc19,Wm10pc10pc20, 

Wm10pc11p1,Wm10pc11pc19,Wm10pc11pc20, 

Wm10pc12p1,Wm10pc12pc19,Wm10pc12pc20, 

Wm10pc13p1,Wm10pc13pc19,Wm10pc13pc20, 

Wm10pc14p1,Wm10pc14pc19,Wm10pc14pc20, 

Wm10pc15p1,Wm10pc15pc19,Wm10pc15pc20, 

Wm21pc16p1,Wm21pc16pc19,Wm21pc16pc20, 

Wm21pc17p1,Wm21pc17pc19,Wm21pc17pc20, 

Wm21pc18p1,Wm21pc18pc19,Wm21pc18pc20, 

TRCtot,TRCpc1,TRCpc2,TRCpc3,TRCpc4,TRCpc5,TRCpc6,TRCpc7,TRCpc8,TRCpc9,TRCpc10, 

TRCpc11,TRCpc12,TRCpc13,TRCpc14,TRCpc15,TRCpc16,TRCpc17,TRCpc18,TRCpc19,TRCpc20, 

TRGHG,TRGHGpc1,TRGHGpc2,TRGHGpc3,TRGHGpc4,TRGHGpc5,TRGHGpc6,TRGHGpc7,TRGHGpc8,TRGHG

pc9,TRGHGpc10, 

TRGHGpc11,TRGHGpc12,TRGHGpc13,TRGHGpc14,TRGHGpc15,TRGHGpc16,TRGHGpc17,TRGHGpc18,TRG

HGpc19,TRGHGpc20, 

GHGtot; 

 

ENDDATA 

 

END 

 

A.2.6.2. Scenario 1 (Results) 

  Global optimal solution found. 

  Objective value:                              220.1819 

  Infeasibilities:                              0.000000 

  Total solver iterations:                            61 

  Elapsed runtime seconds:                          1.35 

 

  Model Class:                                        LP 

 

  Total variables:                    997 

  Nonlinear variables:                  0 

  Integer variables:                    0 
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  Total constraints:                  944 

  Nonlinear constraints:                0 

 

  Total nonzeros:                    2780 

  Nonlinear nonzeros:                   0 

 

                                Variable           Value        Reduced Cost 

                                     TAC        18.47074            0.000000 

                                    OPEX        35.40023            0.000000 

                                   WM2P1        0.000000            0.000000 

                                    A_21        0.000000            0.000000 

                                  WM2PC1        0.000000            0.000000 

                                    A_22        0.000000            0.000000 

                                  WM2PC2        0.000000            0.000000 

                                    A_23        0.000000            0.000000 

                                  WM2PC3        0.000000            0.000000 

                                    A_24        0.000000            0.000000 

                                  WM2PC4        0.000000            0.000000 

                                    A_25        0.000000            0.000000 

                                  WM2PC5        0.000000            0.000000 

                                    A_26        0.000000            0.000000 

                                  WM2PC6        0.000000            0.000000 

                                    A_27        0.000000            0.000000 

                                  WM2PC7        0.000000            0.000000 

                                    A_28        0.000000            0.000000 

                                  WM2PC8        0.000000            0.000000 

                                WM2P1PC1        0.000000            0.000000 

                                WM2P1PC2        0.000000            0.000000 

                                WM2P1PC3        0.000000            0.000000 

                                WM2P1PC4        0.000000            0.000000 

                                WM2P1PC5        0.000000            0.000000 

                                WM2P1PC6        0.000000            0.000000 

                                WM2P1PC7        0.000000            0.000000 

                                WM2P1PC8        0.000000            0.000000 

                              TRCM2P1PC1        0.000000            0.000000 

                                    D_1P        219.0310            0.000000 

                              TRCM2P1PC2        0.000000            0.000000 

                                    D_2P        171.1880            0.000000 

                              TRCM2P1PC3        0.000000            0.000000 

                                    D_3P        170.5630            0.000000 

                              TRCM2P1PC4        0.000000            0.000000 

                                    D_4P        154.7300            0.000000 

                              TRCM2P1PC5        0.000000            0.000000 

                                    D_5P        117.4900            0.000000 

                              TRCM2P1PC6        0.000000            0.000000 

                                    D_6P        72.98000            0.000000 

                              TRCM2P1PC7        0.000000            0.000000 

                                    D_7P        32.85700            0.000000 

                              TRCM2P1PC8        0.000000            0.000000 

                                    D_8P        106.5910            0.000000 

                              GHGM2P1PC1        0.000000            0.000000 

                                   F_CO2       0.1055000E-03        0.000000 

                              GHGM2P1PC2        0.000000            0.000000 

                              GHGM2P1PC3        0.000000            0.000000 

                              GHGM2P1PC4        0.000000            0.000000 

                              GHGM2P1PC5        0.000000            0.000000 

                              GHGM2P1PC6        0.000000            0.000000 

                              GHGM2P1PC7        0.000000            0.000000 

                              GHGM2P1PC8        0.000000            0.000000 

                                   WM3P1        26752.00            0.000000 

                                    A_31      -0.3520000            0.000000 

                                  WM3PC1        3520.000            0.000000 

                                    A_32      -0.3520000            0.000000 

                                  WM3PC2        2816.000            0.000000 

                                    A_33      -0.3520000            0.000000 

                                  WM3PC3        1760.000            0.000000 

                                    A_34      -0.3520000            0.000000 
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                                  WM3PC4        6336.000            0.000000 

                                    A_35      -0.3520000            0.000000 

                                  WM3PC5        4224.000            0.000000 

                                    A_36      -0.3520000            0.000000 

                                  WM3PC6        3168.000            0.000000 

                                    A_37      -0.3520000            0.000000 

                                  WM3PC7        2816.000            0.000000 

                                    A_38      -0.3520000            0.000000 

                                  WM3PC8        2112.000            0.000000 

                                WM3P1PC1        3520.000            0.000000 

                                WM3P1PC2        2816.000            0.000000 

                                WM3P1PC3        1760.000            0.000000 

                                WM3P1PC4        6336.000            0.000000 

                                WM3P1PC5        4224.000            0.000000 

                                WM3P1PC6        3168.000            0.000000 

                                WM3P1PC7        2816.000            0.000000 

                                WM3P1PC8        2112.000            0.000000 

                              TRCM3P1PC1        78858.91            0.000000 

                              TRCM3P1PC2        49614.54            0.000000 

                              TRCM3P1PC3        30899.09            0.000000 

                              TRCM3P1PC4        101204.9            0.000000 

                              TRCM3P1PC5        51739.78            0.000000 

                              TRCM3P1PC6        24704.06            0.000000 

                              TRCM3P1PC7        10660.53            0.000000 

                              TRCM3P1PC8        23568.02            0.000000 

                              GHGM3P1PC1        81.33935            0.000000 

                              GHGM3P1PC2        50.85790            0.000000 

                              GHGM3P1PC3        31.67014            0.000000 

                              GHGM3P1PC4        103.4290            0.000000 

                              GHGM3P1PC5        52.35730            0.000000 

                              GHGM3P1PC6        24.39167            0.000000 

                              GHGM3P1PC7        9.761420            0.000000 

                              GHGM3P1PC8        23.75018            0.000000 

                                   WM4P1        10488.00            0.000000 

                                    A_41      -0.1380000            0.000000 

                                  WM4PC1        1380.000            0.000000 

                                    A_42      -0.1380000            0.000000 

                                  WM4PC2        1104.000            0.000000 

                                    A_43      -0.1380000            0.000000 

                                  WM4PC3        690.0000            0.000000 

                                    A_44      -0.1380000            0.000000 

                                  WM4PC4        2484.000            0.000000 

                                    A_45      -0.1380000            0.000000 

                                  WM4PC5        1656.000            0.000000 

                                    A_46      -0.1380000            0.000000 

                                  WM4PC6        1242.000            0.000000 

                                    A_47      -0.1380000            0.000000 

                                  WM4PC7        1104.000            0.000000 

                                    A_48      -0.1380000            0.000000 

                                  WM4PC8        828.0000            0.000000 

                                WM4P1PC1        1380.000            0.000000 

                                WM4P1PC2        1104.000            0.000000 

                                WM4P1PC3        690.0000            0.000000 

                                WM4P1PC4        2484.000            0.000000 

                                WM4P1PC5        1656.000            0.000000 

                                WM4P1PC6        1242.000            0.000000 

                                WM4P1PC7        1104.000            0.000000 

                                WM4P1PC8        828.0000            0.000000 

                              TRCM4P1PC1        30916.28            0.000000 

                              TRCM4P1PC2        19451.16            0.000000 

                              TRCM4P1PC3        12113.85            0.000000 

                              TRCM4P1PC4        39676.93            0.000000 

                              TRCM4P1PC5        20284.34            0.000000 

                              TRCM4P1PC6        9685.116            0.000000 

                              TRCM4P1PC7        4179.413            0.000000 

                              TRCM4P1PC8        9239.735            0.000000 

                              GHGM4P1PC1        31.88872            0.000000 

                              GHGM4P1PC2        19.93861            0.000000 
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                              GHGM4P1PC3        12.41613            0.000000 

                              GHGM4P1PC4        40.54885            0.000000 

                              GHGM4P1PC5        20.52644            0.000000 

                              GHGM4P1PC6        9.562642            0.000000 

                              GHGM4P1PC7        3.826921            0.000000 

                              GHGM4P1PC8        9.311150            0.000000 

                                   WM5P1        34884.00            0.000000 

                                    A_51      -0.4590000            0.000000 

                                  WM5PC1        4590.000            0.000000 

                                    A_52      -0.4590000            0.000000 

                                  WM5PC2        3672.000            0.000000 

                                    A_53      -0.4590000            0.000000 

                                  WM5PC3        2295.000            0.000000 

                                    A_54      -0.4590000            0.000000 

                                  WM5PC4        8262.000            0.000000 

                                    A_55      -0.4590000            0.000000 

                                  WM5PC5        5508.000            0.000000 

                                    A_56      -0.4590000            0.000000 

                                  WM5PC6        4131.000            0.000000 

                                    A_57      -0.4590000            0.000000 

                                  WM5PC7        3672.000            0.000000 

                                    A_58      -0.4590000            0.000000 

                                  WM5PC8        2754.000            0.000000 

                                WM5P1PC1        4590.000            0.000000 

                                WM5P1PC2        3672.000            0.000000 

                                WM5P1PC3        2295.000            0.000000 

                                WM5P1PC4        8262.000            0.000000 

                                WM5P1PC5        5508.000            0.000000 

                                WM5P1PC6        4131.000            0.000000 

                                WM5P1PC7        3672.000            0.000000 

                                WM5P1PC8        2754.000            0.000000 

                              TRCM5P1PC1        102830.2            0.000000 

                              TRCM5P1PC2        64696.23            0.000000 

                              TRCM5P1PC3        40291.71            0.000000 

                              TRCM5P1PC4        131968.9            0.000000 

                              TRCM5P1PC5        67467.49            0.000000 

                              TRCM5P1PC6        32213.54            0.000000 

                              TRCM5P1PC7        13901.09            0.000000 

                              TRCM5P1PC8        30732.16            0.000000 

                              GHGM5P1PC1        106.0647            0.000000 

                              GHGM5P1PC2        66.31755            0.000000 

                              GHGM5P1PC3        41.29714            0.000000 

                              GHGM5P1PC4        134.8690            0.000000 

                              GHGM5P1PC5        68.27273            0.000000 

                              GHGM5P1PC6        31.80618            0.000000 

                              GHGM5P1PC7        12.72867            0.000000 

                              GHGM5P1PC8        30.96970            0.000000 

                                   WM6P1        7382.640            0.000000 

                                    A_61       -2.042000            0.000000 

                                  WM6PC1        20420.00            0.000000 

                                    A_62       -2.042000            0.000000 

                                  WM6PC2        16336.00            0.000000 

                                    A_63       -2.042000            0.000000 

                                  WM6PC3        10210.00            0.000000 

                                    A_64       -2.042000            0.000000 

                                  WM6PC4        36756.00            0.000000 

                                    A_65       -2.042000            0.000000 

                                  WM6PC5        24504.00            0.000000 

                                    A_66       -2.042000            0.000000 

                                  WM6PC6        18378.00            0.000000 

                                    A_67       -2.042000            0.000000 

                                  WM6PC7        16336.00            0.000000 

                                    A_68       -2.042000            0.000000 

                                  WM6PC8        12252.00            0.000000 

                                    A_69       0.9400000E-01        0.000000 

                                  WM6PC9        19448.60            0.000000 

                                   A_610       0.9400000E-01        0.000000 

                                 WM6PC10        36555.56            0.000000 
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                                   A_611       0.9400000E-01        0.000000 

                                 WM6PC11        36555.56            0.000000 

                                   A_612       0.9400000E-01        0.000000 

                                 WM6PC12        10517.87            0.000000 

                                   A_613       0.9400000E-01        0.000000 

                                 WM6PC13        8517.561            0.000000 

                                   A_614       0.9400000E-01        0.000000 

                                 WM6PC14        11669.16            0.000000 

                                   A_615       0.9400000E-01        0.000000 

                                 WM6PC15        24545.06            0.000000 

                                WM6P1PC1        0.000000           0.1686490E-04 

                                WM6P1PC2        0.000000           0.9431900E-05 

                                WM6P1PC3        0.000000           0.2411820E-04 

                                WM6P1PC4        0.000000           0.9378100E-05 

                                WM6P1PC5        0.000000           0.6352600E-05 

                                WM6P1PC6        1256.640            0.000000 

                                WM6P1PC7        6126.000            0.000000 

                                WM6P1PC8        0.000000           0.2274200E-05 

                               WM6PC9PC1        10210.00            0.000000 

                              WM6PC10PC1        0.000000           0.7357600E-05 

                              WM6PC11PC1        0.000000           0.1096480E-04 

                              WM6PC12PC1        0.000000           0.1114970E-04 

                              WM6PC13PC1        0.000000           0.1759790E-04 

                              WM6PC14PC1        0.000000           0.1941760E-04 

                              WM6PC15PC1        10210.00            0.000000 

                               WM6PC9PC2        0.000000           0.1316100E-05 

                              WM6PC10PC2        6126.000            0.000000 

                              WM6PC11PC2        0.000000           0.3550500E-05 

                              WM6PC12PC2        0.000000           0.5533000E-05 

                              WM6PC13PC2        0.000000           0.6355000E-05 

                              WM6PC14PC2        0.000000           0.1205350E-04 

                               WM6PC9PC3        0.000000           0.1386940E-04 

                              WM6PC10PC3        0.000000           0.1460880E-04 

                              WM6PC11PC3        0.000000           0.1822180E-04 

                              WM6PC12PC3        0.000000           0.1840780E-04 

                              WM6PC13PC3        0.000000           0.2483490E-04 

                              WM6PC14PC3        0.000000           0.2665180E-04 

                               WM6PC9PC4        0.000000           0.7478000E-05 

                              WM6PC10PC4        0.000000           0.3471000E-05 

                              WM6PC11PC4        26546.00            0.000000 

                              WM6PC12PC4        0.000000           0.8840000E-06 

                              WM6PC13PC4        0.000000           0.5482000E-05 

                              WM6PC14PC4        0.000000           0.8395000E-05 

                               WM6PC9PC5        0.000000           0.7630500E-05 

                              WM6PC10PC5        14294.00            0.000000 

                              WM6PC11PC5        0.000000           0.3425000E-06 

                              WM6PC12PC5        0.000000           0.2314500E-05 

                              WM6PC13PC5        0.000000           0.5318500E-05 

                              WM6PC14PC5        0.000000           0.8908900E-05 

                               WM6PC9PC6        0.000000           0.9371900E-05 

                              WM6PC10PC6        0.000000           0.1737300E-05 

                              WM6PC11PC6        0.000000           0.1030500E-05 

                              WM6PC12PC6        0.000000           0.1218400E-05 

                              WM6PC13PC6        6911.360            0.000000 

                              WM6PC14PC6        0.000000           0.1808900E-05 

                               WM6PC9PC7        0.000000           0.1647820E-04 

                              WM6PC10PC7        0.000000           0.8832700E-05 

                              WM6PC11PC7        0.000000           0.8207500E-05 

                              WM6PC12PC7        0.000000           0.8936700E-05 

                              WM6PC13PC7        0.000000           0.5218200E-05 

                              WM6PC14PC7        0.000000           0.3194200E-05 

                               WM6PC9PC8        0.000000           0.1526700E-04 

                              WM6PC10PC8        0.000000           0.1295730E-04 

                              WM6PC11PC8        0.000000           0.5674000E-05 

                              WM6PC12PC8        0.000000           0.5104000E-05 

                              WM6PC13PC8        0.000000           0.3480000E-05 

                              WM6PC14PC8        2042.000            0.000000 

                               WM6PC9PC9        9238.600            0.000000 
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                              WM6PC10PC9        16135.56            0.000000 

                              WM6PC11PC9        10009.56            0.000000 

                              WM6PC12PC9        10517.87            0.000000 

                              WM6PC13PC9        1606.201            0.000000 

                              WM6PC14PC9        9627.160            0.000000 

                              WM6PC15PC2        0.000000            0.000000 

                              WM6PC15PC3        0.000000            0.000000 

                              WM6PC15PC4        0.000000            0.000000 

                              WM6PC15PC5        0.000000            0.000000 

                              WM6PC15PC6        0.000000            0.000000 

                              WM6PC15PC7        0.000000            0.000000 

                              WM6PC15PC8        0.000000            0.000000 

                              WM6PC15PC9        14335.06            0.000000 

                              TRCM6P1PC1        0.000000            0.000000 

                              TRCM6P1PC2        0.000000            0.000000 

                              TRCM6P1PC3        0.000000            0.000000 

                              TRCM6P1PC4        0.000000            0.000000 

                              TRCM6P1PC5        0.000000            0.000000 

                              TRCM6P1PC6        9799.279            0.000000 

                              TRCM6P1PC7        23191.20            0.000000 

                              TRCM6P1PC8        0.000000            0.000000 

                             TRCM6PC9PC1        31021.04            0.000000 

                                    D_11        25.38300            0.000000 

                            TRCM6PC10PC1        0.000000            0.000000 

                                    D_12        98.95900            0.000000 

                            TRCM6PC11PC1        0.000000            0.000000 

                                    D_13        135.0310            0.000000 

                            TRCM6PC12PC1        0.000000            0.000000 

                                    D_14        136.8800            0.000000 

                            TRCM6PC13PC1        0.000000            0.000000 

                                    D_15        201.3620            0.000000 

                            TRCM6PC14PC1        0.000000            0.000000 

                                    D_16        219.5590            0.000000 

                            TRCM6PC15PC1        205465.0            0.000000 

                                    D_17        196.2390            0.000000 

                             TRCM6PC9PC2        0.000000            0.000000 

                                    D_21        65.03100            0.000000 

                            TRCM6PC10PC2        34838.56            0.000000 

                                    D_22        51.87000            0.000000 

                            TRCM6PC11PC2        0.000000            0.000000 

                                    D_23        87.37500            0.000000 

                            TRCM6PC12PC2        0.000000            0.000000 

                                    D_24        107.2000            0.000000 

                            TRCM6PC13PC2        0.000000            0.000000 

                                    D_25        115.4200            0.000000 

                            TRCM6PC14PC2        0.000000            0.000000 

                                    D_26        172.4050            0.000000 

                            TRCM6PC15PC2        0.000000            0.000000 

                                    D_27        154.7930            0.000000 

                             TRCM6PC9PC3        0.000000            0.000000 

                                    D_31        43.07600            0.000000 

                            TRCM6PC10PC3        0.000000            0.000000 

                                    D_32        50.47000            0.000000 

                            TRCM6PC11PC3        0.000000            0.000000 

                                    D_33        86.60000            0.000000 

                            TRCM6PC12PC3        0.000000            0.000000 

                                    D_34        88.46000            0.000000 

                            TRCM6PC13PC3        0.000000            0.000000 

                                    D_35        152.7310            0.000000 

                            TRCM6PC14PC3        0.000000            0.000000 

                                    D_36        170.9000            0.000000 

                            TRCM6PC15PC3        0.000000            0.000000 

                                    D_37        146.7660            0.000000 

                             TRCM6PC9PC4        0.000000            0.000000 

                                    D_41        110.7300            0.000000 

                            TRCM6PC10PC4        0.000000            0.000000 

                                    D_42        70.66000            0.000000 

                            TRCM6PC11PC4        108705.9            0.000000 
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                                    D_43        35.95000            0.000000 

                            TRCM6PC12PC4        0.000000            0.000000 

                                    D_44        44.79000            0.000000 

                            TRCM6PC13PC4        0.000000            0.000000 

                                    D_45        90.77000            0.000000 

                            TRCM6PC14PC4        0.000000            0.000000 

                                    D_46        119.9000            0.000000 

                            TRCM6PC15PC4        0.000000            0.000000 

                                    D_47        123.4400            0.000000 

                             TRCM6PC9PC5        0.000000            0.000000 

                                    D_51        105.2700            0.000000 

                            TRCM6PC10PC5        48549.57            0.000000 

                                    D_52        28.96500            0.000000 

                            TRCM6PC11PC5        0.000000            0.000000 

                                    D_53        32.39000            0.000000 

                            TRCM6PC12PC5        0.000000            0.000000 

                                    D_54        52.11000            0.000000 

                            TRCM6PC13PC5        0.000000            0.000000 

                                    D_55        82.15000            0.000000 

                            TRCM6PC14PC5        0.000000            0.000000 

                                    D_56        118.0540            0.000000 

                            TRCM6PC15PC5        0.000000            0.000000 

                                    D_57        98.81300            0.000000 

                             TRCM6PC9PC6        0.000000            0.000000 

                                    D_61        141.7000            0.000000 

                            TRCM6PC10PC6        0.000000            0.000000 

                                    D_62        65.35400            0.000000 

                            TRCM6PC11PC6        0.000000            0.000000 

                                    D_63        58.28600            0.000000 

                            TRCM6PC12PC6        0.000000            0.000000 

                                    D_64        60.16500            0.000000 

                            TRCM6PC13PC6        36617.08            0.000000 

                                    D_65        47.98100            0.000000 

                            TRCM6PC14PC6        0.000000            0.000000 

                                    D_66        66.07000            0.000000 

                            TRCM6PC15PC6        0.000000            0.000000 

                                    D_67        49.27900            0.000000 

                             TRCM6PC9PC7        0.000000            0.000000 

                                    D_71        172.6400            0.000000 

                            TRCM6PC10PC7        0.000000            0.000000 

                                    D_72        96.18500            0.000000 

                            TRCM6PC11PC7        0.000000            0.000000 

                                    D_73        89.93300            0.000000 

                            TRCM6PC12PC7        0.000000            0.000000 

                                    D_74        97.22500            0.000000 

                            TRCM6PC13PC7        0.000000            0.000000 

                                    D_75        60.04000            0.000000 

                            TRCM6PC14PC7        0.000000            0.000000 

                                    D_76        39.80000            0.000000 

                            TRCM6PC15PC7        0.000000            0.000000 

                                    D_77        11.99300            0.000000 

                             TRCM6PC9PC8        0.000000            0.000000 

                                    D_81        211.5200            0.000000 

                            TRCM6PC10PC8        0.000000            0.000000 

                                    D_82        188.4230            0.000000 

                            TRCM6PC11PC8        0.000000            0.000000 

                                    D_83        115.5900            0.000000 

                            TRCM6PC12PC8        0.000000            0.000000 

                                    D_84        109.8900            0.000000 

                            TRCM6PC13PC8        0.000000            0.000000 

                                    D_85        93.65000            0.000000 

                            TRCM6PC14PC8        13038.17            0.000000 

                                    D_86        58.85000            0.000000 

                            TRCM6PC15PC8        0.000000            0.000000 

                                    D_87        101.4820            0.000000 

                              GHGM6P1PC1        0.000000            0.000000 

                              GHGM6P1PC2        0.000000            0.000000 

                              GHGM6P1PC3        0.000000            0.000000 
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                              GHGM6P1PC4        0.000000            0.000000 

                              GHGM6P1PC5        0.000000            0.000000 

                              GHGM6P1PC6        9.675361            0.000000 

                              GHGM6P1PC7        21.23525            0.000000 

                              GHGM6P1PC8        0.000000            0.000000 

                             GHGM6PC9PC1        27.34143            0.000000 

                            GHGM6PC10PC1        0.000000            0.000000 

                            GHGM6PC11PC1        0.000000            0.000000 

                            GHGM6PC12PC1        0.000000            0.000000 

                            GHGM6PC13PC1        0.000000            0.000000 

                            GHGM6PC14PC1        0.000000            0.000000 

                            GHGM6PC15PC1        211.3798            0.000000 

                             GHGM6PC9PC2        0.000000            0.000000 

                            GHGM6PC10PC2        33.52322            0.000000 

                            GHGM6PC11PC2        0.000000            0.000000 

                            GHGM6PC12PC2        0.000000            0.000000 

                            GHGM6PC13PC2        0.000000            0.000000 

                            GHGM6PC14PC2        0.000000            0.000000 

                            GHGM6PC15PC2        0.000000           0.9784846E-03 

                             GHGM6PC9PC3        0.000000            0.000000 

                            GHGM6PC10PC3        0.000000            0.000000 

                            GHGM6PC11PC3        0.000000            0.000000 

                            GHGM6PC12PC3        0.000000            0.000000 

                            GHGM6PC13PC3        0.000000            0.000000 

                            GHGM6PC14PC3        0.000000            0.000000 

                            GHGM6PC15PC3        0.000000           0.9801591E-03 

                             GHGM6PC9PC4        0.000000            0.000000 

                            GHGM6PC10PC4        0.000000            0.000000 

                            GHGM6PC11PC4        100.6817            0.000000 

                            GHGM6PC12PC4        0.000000            0.000000 

                            GHGM6PC13PC4        0.000000            0.000000 

                            GHGM6PC14PC4        0.000000            0.000000 

                            GHGM6PC15PC4        0.000000           0.9862611E-03 

                             GHGM6PC9PC5        0.000000            0.000000 

                            GHGM6PC10PC5        43.67971            0.000000 

                            GHGM6PC11PC5        0.000000            0.000000 

                            GHGM6PC12PC5        0.000000            0.000000 

                            GHGM6PC13PC5        0.000000            0.000000 

                            GHGM6PC14PC5        0.000000            0.000000 

                            GHGM6PC15PC5        0.000000           0.9958300E-03 

                             GHGM6PC9PC6        0.000000            0.000000 

                            GHGM6PC10PC6        0.000000            0.000000 

                            GHGM6PC11PC6        0.000000            0.000000 

                            GHGM6PC12PC6        0.000000            0.000000 

                            GHGM6PC13PC6        34.98527            0.000000 

                            GHGM6PC14PC6        0.000000            0.000000 

                            GHGM6PC15PC6        0.000000           0.1044041E-02 

                             GHGM6PC9PC7        0.000000            0.000000 

                            GHGM6PC10PC7        0.000000            0.000000 

                            GHGM6PC11PC7        0.000000            0.000000 

                            GHGM6PC12PC7        0.000000            0.000000 

                            GHGM6PC13PC7        0.000000            0.000000 

                            GHGM6PC14PC7        0.000000            0.000000 

                            GHGM6PC15PC7        0.000000           0.1343043E-02 

                             GHGM6PC9PC8        0.000000            0.000000 

                            GHGM6PC10PC8        0.000000            0.000000 

                            GHGM6PC11PC8        0.000000            0.000000 

                            GHGM6PC12PC8        0.000000            0.000000 

                            GHGM6PC13PC8        0.000000            0.000000 

                            GHGM6PC14PC8        12.67811            0.000000 

                            GHGM6PC15PC8        0.000000           0.9945686E-03 

                                    A_71        20.69000            0.000000 

                                  WM7PC1        206900.0            0.000000 

                                    A_72        20.69000            0.000000 

                                  WM7PC2        165520.0            0.000000 

                                    A_73        20.69000            0.000000 

                                  WM7PC3        103450.0            0.000000 

                                    A_74        20.69000            0.000000 
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                                  WM7PC4        372420.0            0.000000 

                                    A_75        20.69000            0.000000 

                                  WM7PC5        248280.0            0.000000 

                                    A_76        20.69000            0.000000 

                                  WM7PC6        186210.0            0.000000 

                                    A_77        20.69000            0.000000 

                                  WM7PC7        165520.0            0.000000 

                                    A_78        20.69000            0.000000 

                                  WM7PC8        124140.0            0.000000 

                                    A_79       -1.000000            0.000000 

                                  WM7PC9        206900.0            0.000000 

                                   A_710       -1.000000            0.000000 

                                 WM7PC10        388888.9            0.000000 

                                   A_711       -1.000000            0.000000 

                                 WM7PC11        388888.9            0.000000 

                                   A_712       -1.000000            0.000000 

                                 WM7PC12        111892.2            0.000000 

                                   A_713       -1.000000            0.000000 

                                 WM7PC13        90612.35            0.000000 

                                   A_714       -1.000000            0.000000 

                                 WM7PC14        124140.0            0.000000 

                                   A_715       -1.000000            0.000000 

                                 WM7PC15        261117.6            0.000000 

                               WM7PC1PC9        206900.0            0.000000 

                              WM7PC1PC10        0.000000           0.6409280E-05 

                              WM7PC1PC11        0.000000           0.9673980E-05 

                              WM7PC1PC12        0.000000           0.8974880E-05 

                              WM7PC1PC13        0.000000           0.1319492E-04 

                              WM7PC1PC14        0.000000           0.1521025E-04 

                              WM7PC1PC15        0.000000           0.1255282E-04 

                               WM7PC2PC9        0.000000           0.2264420E-05 

                              WM7PC2PC10        165520.0            0.000000 

                              WM7PC2PC11        0.000000           0.3208000E-05 

                              WM7PC2PC12        0.000000           0.4306500E-05 

                              WM7PC2PC13        0.000000           0.2900335E-05 

                              WM7PC2PC14        0.000000           0.8794471E-05 

                              WM7PC2PC15        0.000000           0.6707835E-05 

                               WM7PC3PC9        0.000000           0.2089200E-06 

                              WM7PC3PC10        103450.0            0.000000 

                              WM7PC3PC11        0.000000           0.3270500E-05 

                              WM7PC3PC12        0.000000           0.2572500E-05 

                              WM7PC3PC13        0.000000           0.6771435E-05 

                              WM7PC3PC14        0.000000           0.8783971E-05 

                              WM7PC3PC15        0.000000           0.6045135E-05 

                               WM7PC4PC9        0.000000           0.8768820E-05 

                              WM7PC4PC10        0.000000           0.3813500E-05 

                              WM7PC4PC11        260527.8            0.000000 

                              WM7PC4PC12        111892.2            0.000000 

                              WM7PC4PC13        0.000000           0.2369835E-05 

                              WM7PC4PC14        0.000000           0.5478471E-05 

                              WM7PC4PC15        0.000000           0.5507035E-05 

                               WM7PC5PC9        0.000000           0.8578820E-05 

                              WM7PC5PC10        119918.9            0.000000 

                              WM7PC5PC11        128361.1            0.000000 

                              WM7PC5PC12        0.000000           0.1088000E-05 

                              WM7PC5PC13        0.000000           0.1863835E-05 

                              WM7PC5PC14        0.000000           0.5649871E-05 

                              WM7PC5PC15        0.000000           0.3400335E-05 

                               WM7PC6PC9        0.000000           0.1377488E-04 

                              WM7PC6PC10        0.000000           0.5191965E-05 

                              WM7PC6PC11        0.000000           0.4142665E-05 

                              WM7PC6PC12        0.000000           0.3446565E-05 

                              WM7PC6PC13        90612.35            0.000000 

                              WM7PC6PC14        0.000000           0.2004535E-05 

                              WM7PC6PC15        95597.65            0.000000 

                               WM7PC7PC9        0.000000           0.2059748E-04 

                              WM7PC7PC10        0.000000           0.1200366E-04 

                              WM7PC7PC11        0.000000           0.1103596E-04 
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                              WM7PC7PC12        0.000000           0.1088116E-04 

                              WM7PC7PC13        0.000000           0.4934500E-05 

                              WM7PC7PC14        0.000000           0.3106135E-05 

                              WM7PC7PC15        165520.0            0.000000 

                               WM7PC8PC9        0.000000           0.1947435E-04 

                              WM7PC8PC10        0.000000           0.1621633E-04 

                              WM7PC8PC11        0.000000           0.8590529E-05 

                              WM7PC8PC12        0.000000           0.7136529E-05 

                              WM7PC8PC13        0.000000           0.3284365E-05 

                              WM7PC8PC14        124140.0            0.000000 

                              WM7PC8PC15        0.000000           0.3937765E-05 

                             TRCM7PC1PC9        628624.3            0.000000 

                            TRCM7PC1PC10        0.000000            0.000000 

                            TRCM7PC1PC11        0.000000            0.000000 

                            TRCM7PC1PC12        0.000000            0.000000 

                            TRCM7PC1PC13        0.000000            0.000000 

                            TRCM7PC1PC14        0.000000            0.000000 

                            TRCM7PC1PC15        0.000000            0.000000 

                             TRCM7PC2PC9        0.000000            0.000000 

                            TRCM7PC2PC10        941312.2            0.000000 

                            TRCM7PC2PC11        0.000000            0.000000 

                            TRCM7PC2PC12        0.000000            0.000000 

                            TRCM7PC2PC13        0.000000            0.000000 

                            TRCM7PC2PC14        0.000000            0.000000 

                            TRCM7PC2PC15        0.000000            0.000000 

                             TRCM7PC3PC9        0.000000            0.000000 

                            TRCM7PC3PC10        573837.2            0.000000 

                            TRCM7PC3PC11        0.000000            0.000000 

                            TRCM7PC3PC12        0.000000            0.000000 

                            TRCM7PC3PC13        0.000000            0.000000 

                            TRCM7PC3PC14        0.000000            0.000000 

                            TRCM7PC3PC15        0.000000            0.000000 

                             TRCM7PC4PC9        0.000000            0.000000 

                            TRCM7PC4PC10        0.000000            0.000000 

                            TRCM7PC4PC11        1066861.            0.000000 

                            TRCM7PC4PC12        557111.4            0.000000 

                            TRCM7PC4PC13        0.000000            0.000000 

                            TRCM7PC4PC14        0.000000            0.000000 

                            TRCM7PC4PC15        0.000000            0.000000 

                             TRCM7PC5PC9        0.000000            0.000000 

                            TRCM7PC5PC10        407304.5            0.000000 

                            TRCM7PC5PC11        479942.2            0.000000 

                            TRCM7PC5PC12        0.000000            0.000000 

                            TRCM7PC5PC13        0.000000            0.000000 

                            TRCM7PC5PC14        0.000000            0.000000 

                            TRCM7PC5PC15        0.000000            0.000000 

                             TRCM7PC6PC9        0.000000            0.000000 

                            TRCM7PC6PC10        0.000000            0.000000 

                            TRCM7PC6PC11        0.000000            0.000000 

                            TRCM7PC6PC12        0.000000            0.000000 

                            TRCM7PC6PC13        480073.3            0.000000 

                            TRCM7PC6PC14        0.000000            0.000000 

                            TRCM7PC6PC15        518894.5            0.000000 

                             TRCM7PC7PC9        0.000000            0.000000 

                            TRCM7PC7PC10        0.000000            0.000000 

                            TRCM7PC7PC11        0.000000            0.000000 

                            TRCM7PC7PC12        0.000000            0.000000 

                            TRCM7PC7PC13        0.000000            0.000000 

                            TRCM7PC7PC14        0.000000            0.000000 

                            TRCM7PC7PC15        281268.1            0.000000 

                             TRCM7PC8PC9        0.000000            0.000000 

                            TRCM7PC8PC10        0.000000            0.000000 

                            TRCM7PC8PC11        0.000000            0.000000 

                            TRCM7PC8PC12        0.000000            0.000000 

                            TRCM7PC8PC13        0.000000            0.000000 

                            TRCM7PC8PC14        792633.9            0.000000 

                            TRCM7PC8PC15        0.000000            0.000000 

                             GHGM7PC1PC9        554.0589            0.000000 
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                            GHGM7PC1PC10        0.000000            0.000000 

                            GHGM7PC1PC11        0.000000            0.000000 

                            GHGM7PC1PC12        0.000000            0.000000 

                            GHGM7PC1PC13        0.000000            0.000000 

                            GHGM7PC1PC14        0.000000            0.000000 

                            GHGM7PC1PC15        0.000000            0.000000 

                             GHGM7PC2PC9        0.000000            0.000000 

                            GHGM7PC2PC10        905.7726            0.000000 

                            GHGM7PC2PC11        0.000000            0.000000 

                            GHGM7PC2PC12        0.000000            0.000000 

                            GHGM7PC2PC13        0.000000            0.000000 

                            GHGM7PC2PC14        0.000000            0.000000 

                            GHGM7PC2PC15        0.000000            0.000000 

                             GHGM7PC3PC9        0.000000            0.000000 

                            GHGM7PC3PC10        550.8283            0.000000 

                            GHGM7PC3PC11        0.000000            0.000000 

                            GHGM7PC3PC12        0.000000            0.000000 

                            GHGM7PC3PC13        0.000000            0.000000 

                            GHGM7PC3PC14        0.000000            0.000000 

                            GHGM7PC3PC15        0.000000            0.000000 

                             GHGM7PC4PC9        0.000000            0.000000 

                            GHGM7PC4PC10        0.000000            0.000000 

                            GHGM7PC4PC11        988.1102            0.000000 

                            GHGM7PC4PC12        528.7294            0.000000 

                            GHGM7PC4PC13        0.000000            0.000000 

                            GHGM7PC4PC14        0.000000            0.000000 

                            GHGM7PC4PC15        0.000000            0.000000 

                             GHGM7PC5PC9        0.000000            0.000000 

                            GHGM7PC5PC10        366.4490            0.000000 

                            GHGM7PC5PC11        438.6285            0.000000 

                            GHGM7PC5PC12        0.000000            0.000000 

                            GHGM7PC5PC13        0.000000            0.000000 

                            GHGM7PC5PC14        0.000000            0.000000 

                            GHGM7PC5PC15        0.000000            0.000000 

                             GHGM7PC6PC9        0.000000            0.000000 

                            GHGM7PC6PC10        0.000000            0.000000 

                            GHGM7PC6PC11        0.000000            0.000000 

                            GHGM7PC6PC12        0.000000            0.000000 

                            GHGM7PC6PC13        458.6793            0.000000 

                            GHGM7PC6PC14        0.000000            0.000000 

                            GHGM7PC6PC15        497.0059            0.000000 

                             GHGM7PC7PC9        0.000000            0.000000 

                            GHGM7PC7PC10        0.000000            0.000000 

                            GHGM7PC7PC11        0.000000            0.000000 

                            GHGM7PC7PC12        0.000000            0.000000 

                            GHGM7PC7PC13        0.000000            0.000000 

                            GHGM7PC7PC14        0.000000            0.000000 

                            GHGM7PC7PC15        209.4261            0.000000 

                             GHGM7PC8PC9        0.000000            0.000000 

                            GHGM7PC8PC10        0.000000            0.000000 

                            GHGM7PC8PC11        0.000000            0.000000 

                            GHGM7PC8PC12        0.000000            0.000000 

                            GHGM7PC8PC13        0.000000            0.000000 

                            GHGM7PC8PC14        770.7449            0.000000 

                            GHGM7PC8PC15        0.000000            0.000000 

                                  WM10P1        0.000000            0.000000 

                                   A_109       0.2070000            0.000000 

                                 WM10PC9        42828.30            0.000000 

                                  A_1010       0.2070000            0.000000 

                                WM10PC10        80500.00            0.000000 

                                  A_1011       0.2070000            0.000000 

                                WM10PC11        80500.00            0.000000 

                                  A_1012       0.2070000            0.000000 

                                WM10PC12        23161.69            0.000000 

                                  A_1013       0.2070000            0.000000 

                                WM10PC13        18756.76            0.000000 

                                  A_1014       0.2070000            0.000000 

                                WM10PC14        25696.98            0.000000 
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                                  A_1015       0.2070000            0.000000 

                                WM10PC15        54051.35            0.000000 

                                  A_1019       -1.000000            0.000000 

                                WM10PC19        50000.00            0.000000 

                                  A_1020       -1.000000            0.000000 

                                WM10PC20        275495.1            0.000000 

                               WM10PC9P1        0.000000           0.1404910E-03 

                              WM10PC10P1        0.000000           0.1404894E-03 

                              WM10PC11P1        0.000000           0.1404924E-03 

                              WM10PC12P1        0.000000           0.1404904E-03 

                              WM10PC13P1        0.000000           0.1404904E-03 

                              WM10PC14P1        0.000000           0.1404914E-03 

                              WM10PC15P1        0.000000           0.1404924E-03 

                             WM10PC9PC19        0.000000            0.000000 

                             WM10PC9PC20        42828.30            0.000000 

                            WM10PC10PC19        0.000000            0.000000 

                            WM10PC10PC20        80500.00            0.000000 

                            WM10PC11PC19        0.000000            0.000000 

                            WM10PC11PC20        80500.00            0.000000 

                            WM10PC12PC19        0.000000            0.000000 

                            WM10PC12PC20        23161.69            0.000000 

                            WM10PC13PC19        0.000000            0.000000 

                            WM10PC13PC20        18756.76            0.000000 

                            WM10PC14PC19        25696.98            0.000000 

                            WM10PC14PC20        0.000000            0.000000 

                            WM10PC15PC19        24303.02            0.000000 

                            WM10PC15PC20        29748.33            0.000000 

                             TRCM10PC9P1        0.000000            0.000000 

                                    D_9P        197.9510            0.000000 

                            TRCM10PC10P1        0.000000            0.000000 

                                   D_10P        119.9500            0.000000 

                            TRCM10PC11P1        0.000000            0.000000 

                                   D_11P        124.2700            0.000000 

                            TRCM10PC12P1        0.000000            0.000000 

                                   D_12P        122.1100            0.000000 

                            TRCM10PC13P1        0.000000            0.000000 

                                   D_13P        72.60000            0.000000 

                            TRCM10PC14P1        0.000000            0.000000 

                                   D_14P        48.53000            0.000000 

                            TRCM10PC15P1        0.000000            0.000000 

                                   D_15P        37.02000            0.000000 

                           TRCM10PC9PC19        0.000000            0.000000 

                                   D_911        197.2450            0.000000 

                          TRCM10PC10PC19        0.000000            0.000000 

                                  D_1011        119.2600            0.000000 

                          TRCM10PC11PC19        0.000000            0.000000 

                                  D_1111        123.5500            0.000000 

                          TRCM10PC12PC19        0.000000            0.000000 

                                  D_1211        121.4100            0.000000 

                          TRCM10PC13PC19        0.000000            0.000000 

                                  D_1311        71.90000            0.000000 

                          TRCM10PC14PC19        135731.4            0.000000 

                                  D_1411        47.82000            0.000000 

                          TRCM10PC15PC19        100371.5            0.000000 

                                  D_1511        36.30000            0.000000 

                           TRCM10PC9PC20        870206.8            0.000000 

                                   D_912        198.1850            0.000000 

                          TRCM10PC10PC20        1007860.            0.000000 

                                  D_1012        120.2000            0.000000 

                          TRCM10PC11PC20        1042395.            0.000000 

                                  D_1112        124.4900            0.000000 

                          TRCM10PC12PC20        294964.1            0.000000 

                                  D_1212        122.3500            0.000000 

                          TRCM10PC13PC20        146002.6            0.000000 

                                  D_1312        72.84000            0.000000 

                          TRCM10PC14PC20        0.000000            0.000000 

                                  D_1412        48.76000            0.000000 

                          TRCM10PC15PC20        125657.0            0.000000 
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                                  D_1512        37.24000            0.000000 

                             GHGM10PC9P1        0.000000            0.000000 

                            GHGM10PC10P1        0.000000            0.000000 

                            GHGM10PC11P1        0.000000            0.000000 

                            GHGM10PC12P1        0.000000            0.000000 

                            GHGM10PC13P1        0.000000            0.000000 

                            GHGM10PC14P1        0.000000            0.000000 

                            GHGM10PC15P1        0.000000            0.000000 

                           GHGM10PC9PC19        0.000000            0.000000 

                          GHGM10PC10PC19        0.000000            0.000000 

                          GHGM10PC11PC19        0.000000            0.000000 

                          GHGM10PC12PC19        0.000000            0.000000 

                          GHGM10PC13PC19        0.000000            0.000000 

                          GHGM10PC14PC19        129.6415            0.000000 

                          GHGM10PC15PC19        93.07206            0.000000 

                           GHGM10PC9PC20        895.4763            0.000000 

                          GHGM10PC10PC20        1020.829            0.000000 

                          GHGM10PC11PC20        304.1986            0.000000 

                          GHGM10PC12PC20        242.1108            0.000000 

                          GHGM10PC13PC20        144.1385            0.000000 

                          GHGM10PC14PC20        0.000000            0.000000 

                          GHGM10PC15PC20        116.8758            0.000000 

                                   A_119       0.7530000E-01        0.000000 

                                 WM11PC9        15579.57            0.000000 

                                  A_1110       0.7530000E-01        0.000000 

                                WM11PC10        29283.33            0.000000 

                                  A_1111       0.7530000E-01        0.000000 

                                WM11PC11        29283.33            0.000000 

                                  A_1112       0.7530000E-01        0.000000 

                                WM11PC12        8425.484            0.000000 

                                  A_1113       0.7530000E-01        0.000000 

                                WM11PC13        6823.110            0.000000 

                                  A_1114       0.7530000E-01        0.000000 

                                WM11PC14        9347.742            0.000000 

                                  A_1115       0.7530000E-01        0.000000 

                                WM11PC15        19662.16            0.000000 

                                  A_1116       -1.000000            0.000000 

                                WM11PC16        29283.33            0.000000 

                                  A_1117       -1.000000            0.000000 

                                WM11PC17        29121.40            0.000000 

                                  A_1118       -1.000000            0.000000 

                                WM11PC18        60000.00            0.000000 

                             WM11PC9PC16        0.000000           0.1966640E-05 

                             WM11PC9PC17        15579.57            0.000000 

                             WM11PC9PC18        0.000000           0.1456000E-06 

                            WM11PC10PC16        0.000000           0.2009140E-05 

                            WM11PC10PC17        5116.344            0.000000 

                            WM11PC10PC18        24166.99            0.000000 

                            WM11PC11PC16        29283.33            0.000000 

                            WM11PC11PC17        0.000000           0.9388600E-06 

                            WM11PC11PC18        0.000000           0.1082360E-05 

                            WM11PC12PC16        0.000000           0.1698140E-05 

                            WM11PC12PC17        8425.484            0.000000 

                            WM11PC12PC18        0.000000           0.6015000E-06 

                            WM11PC13PC16        0.000000           0.9817140E-05 

                            WM11PC13PC17        0.000000           0.9045000E-06 

                            WM11PC13PC18        6823.110            0.000000 

                            WM11PC14PC16        0.000000           0.1517764E-04 

                            WM11PC14PC17        0.000000           0.4309500E-05 

                            WM11PC14PC18        9347.742            0.000000 

                            WM11PC15PC16        0.000000           0.1632764E-04 

                            WM11PC15PC17        0.000000           0.2682500E-05 

                            WM11PC15PC18        19662.16            0.000000 

                           TRCM11PC9PC16        0.000000            0.000000 

                                    D_98        109.0950            0.000000 

                           TRCM11PC9PC17        244490.2            0.000000 

                                    D_99        151.9300            0.000000 

                           TRCM11PC9PC18        0.000000            0.000000 
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                                   D_910        195.1900            0.000000 

                          TRCM11PC10PC16        0.000000            0.000000 

                                   D_108        33.03000            0.000000 

                          TRCM11PC10PC17        41155.87            0.000000 

                                   D_109        75.44000            0.000000 

                          TRCM11PC10PC18        295426.9            0.000000 

                                  D_1010        117.2440            0.000000 

                          TRCM11PC11PC16        33178.02            0.000000 

                                   D_118        6.330000            0.000000 

                          TRCM11PC11PC17        0.000000            0.000000 

                                   D_119        78.22000            0.000000 

                          TRCM11PC11PC18        0.000000            0.000000 

                                  D_1110        121.4590            0.000000 

                          TRCM11PC12PC16        0.000000            0.000000 

                                   D_128        26.06000            0.000000 

                          TRCM11PC12PC17        64522.36            0.000000 

                                   D_129        71.58000            0.000000 

                          TRCM11PC12PC18        0.000000            0.000000 

                                  D_1210        119.3990            0.000000 

                          TRCM11PC13PC16        0.000000            0.000000 

                                   D_138        63.75500            0.000000 

                          TRCM11PC13PC17        0.000000            0.000000 

                                   D_139        37.13000            0.000000 

                          TRCM11PC13PC18        51097.59            0.000000 

                                  D_1310        69.88900            0.000000 

                          TRCM11PC14PC16        0.000000            0.000000 

                                   D_148        93.23000            0.000000 

                          TRCM11PC14PC17        0.000000            0.000000 

                                   D_149        47.05000            0.000000 

                          TRCM11PC14PC18        47448.20            0.000000 

                                  D_1410        45.75900            0.000000 

                          TRCM11PC15PC16        0.000000            0.000000 

                                   D_158        93.18000            0.000000 

                          TRCM11PC15PC17        0.000000            0.000000 

                                   D_159        19.23000            0.000000 

                          TRCM11PC15PC18        77093.36            0.000000 

                                  D_1510        34.20900            0.000000 

                           GHGM11PC9PC16        0.000000            0.000000 

                           GHGM11PC9PC17        249.7189            0.000000 

                           GHGM11PC9PC18        0.000000            0.000000 

                          GHGM11PC10PC16        0.000000            0.000000 

                          GHGM11PC10PC17        40.72058            0.000000 

                          GHGM11PC10PC18        298.9273            0.000000 

                          GHGM11PC11PC16        19.55585            0.000000 

                          GHGM11PC11PC17        0.000000            0.000000 

                          GHGM11PC11PC18        0.000000            0.000000 

                          GHGM11PC12PC16        0.000000            0.000000 

                          GHGM11PC12PC17        63.62665            0.000000 

                          GHGM11PC12PC18        0.000000            0.000000 

                          GHGM11PC13PC16        0.000000            0.000000 

                          GHGM11PC13PC17        0.000000            0.000000 

                          GHGM11PC13PC18        50.30876            0.000000 

                          GHGM11PC14PC16        0.000000            0.000000 

                          GHGM11PC14PC17        0.000000            0.000000 

                          GHGM11PC14PC18        45.12692            0.000000 

                          GHGM11PC15PC16        0.000000            0.000000 

                          GHGM11PC15PC17        0.000000            0.000000 

                          GHGM11PC15PC18        70.96171            0.000000 

                                  WM12P1        87742.15            0.000000 

                                   A_129       0.5580000E-01        0.000000 

                                 WM12PC9        11545.02            0.000000 

                                  A_1210       0.5580000E-01        0.000000 

                                WM12PC10        21700.00            0.000000 

                                  A_1211       0.5580000E-01        0.000000 

                                WM12PC11        21700.00            0.000000 

                                  A_1212       0.5580000E-01        0.000000 

                                WM12PC12        6243.586            0.000000 

                                  A_1213       0.5580000E-01        0.000000 
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                                WM12PC13        5056.169            0.000000 

                                  A_1214       0.5580000E-01        0.000000 

                                WM12PC14        6927.012            0.000000 

                                  A_1215       0.5580000E-01        0.000000 

                                WM12PC15        14570.36            0.000000 

                               WM12PC9P1        0.000000            0.000000 

                              WM12PC10P1        0.000000            0.000000 

                              WM12PC11P1        0.000000            0.000000 

                              WM12PC12P1        0.000000            0.000000 

                              WM12PC13P1        0.000000            0.000000 

                              WM12PC14P1        0.000000            0.000000 

                              WM12PC15P1        87742.15            0.000000 

                             TRCM12PC9P1        0.000000            0.000000 

                            TRCM12PC10P1        0.000000            0.000000 

                            TRCM12PC11P1        0.000000            0.000000 

                            TRCM12PC12P1        0.000000            0.000000 

                            TRCM12PC13P1        0.000000            0.000000 

                            TRCM12PC14P1        0.000000            0.000000 

                            TRCM12PC15P1        368692.5            0.000000 

                             GHGM12PC9P1        0.000000           0.7706010E-03 

                            GHGM12PC10P1        0.000000           0.6553283E-03 

                            GHGM12PC11P1        0.000000           0.6654979E-03 

                            GHGM12PC12P1        0.000000           0.6605031E-03 

                            GHGM12PC13P1        0.000000           0.4645333E-03 

                            GHGM12PC14P1        0.000000           0.2248084E-03 

                            GHGM12PC15P1        342.6866            0.000000 

                                  WM13P1        0.000000            0.000000 

                                   A_139        0.000000            0.000000 

                                 WM13PC9        0.000000            0.000000 

                                  A_1310        0.000000            0.000000 

                                WM13PC10        0.000000            0.000000 

                                  A_1311        0.000000            0.000000 

                                WM13PC11        0.000000            0.000000 

                                  A_1312        0.000000            0.000000 

                                WM13PC12        0.000000            0.000000 

                                  A_1313        0.000000            0.000000 

                                WM13PC13        0.000000            0.000000 

                                  A_1314        0.000000            0.000000 

                                WM13PC14        0.000000            0.000000 

                                  A_1315        0.000000            0.000000 

                                WM13PC15        0.000000            0.000000 

                               WM13PC9P1        0.000000            0.000000 

                              WM13PC10P1        0.000000            0.000000 

                              WM13PC11P1        0.000000            0.000000 

                              WM13PC12P1        0.000000            0.000000 

                              WM13PC13P1        0.000000            0.000000 

                              WM13PC14P1        0.000000            0.000000 

                              WM13PC15P1        0.000000            0.000000 

                             TRCM13PC9P1        0.000000            0.000000 

                            TRCM13PC10P1        0.000000            0.000000 

                            TRCM13PC11P1        0.000000            0.000000 

                            TRCM13PC12P1        0.000000            0.000000 

                            TRCM13PC13P1        0.000000            0.000000 

                            TRCM13PC14P1        0.000000            0.000000 

                            TRCM13PC15P1        0.000000            0.000000 

                             GHGM13PC9P1        0.000000           0.9718093E-03 

                            GHGM13PC10P1        0.000000           0.9873782E-03 

                            GHGM13PC11P1        0.000000           0.9860047E-03 

                            GHGM13PC12P1        0.000000           0.9866793E-03 

                            GHGM13PC13P1        0.000000           0.1013147E-02 

                            GHGM13PC14P1        0.000000           0.1045525E-02 

                            GHGM13PC15P1        0.000000           0.1075888E-02 

                                  WM19P1        42141.39            0.000000 

                                   A_199        0.000000            0.000000 

                                 WM19PC9        0.000000            0.000000 

                                  A_1910        0.000000            0.000000 

                                WM19PC10        0.000000            0.000000 

                                  A_1911        0.000000            0.000000 
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                                WM19PC11        0.000000            0.000000 

                                  A_1912        0.000000            0.000000 

                                WM19PC12        0.000000            0.000000 

                                  A_1913        0.000000            0.000000 

                                WM19PC13        0.000000            0.000000 

                                  A_1914        0.000000            0.000000 

                                WM19PC14        0.000000            0.000000 

                                  A_1915        0.000000            0.000000 

                                WM19PC15        0.000000            0.000000 

                               WM19PC9P1        0.000000            0.000000 

                              WM19PC10P1        0.000000            0.000000 

                              WM19PC11P1        0.000000            0.000000 

                              WM19PC12P1        0.000000            0.000000 

                              WM19PC13P1        0.000000            0.000000 

                              WM19PC14P1        0.000000            0.000000 

                              WM19PC15P1        42141.39            0.000000 

                             TRCM19PC9P1        0.000000            0.000000 

                            TRCM19PC10P1        0.000000            0.000000 

                            TRCM19PC11P1        0.000000            0.000000 

                            TRCM19PC12P1        0.000000            0.000000 

                            TRCM19PC13P1        0.000000            0.000000 

                            TRCM19PC14P1        0.000000            0.000000 

                            TRCM19PC15P1        177078.1            0.000000 

                             GHGM19PC9P1        0.000000           0.7706010E-03 

                            GHGM19PC10P1        0.000000           0.6553283E-03 

                            GHGM19PC11P1        0.000000           0.6654979E-03 

                            GHGM19PC12P1        0.000000           0.6605031E-03 

                            GHGM19PC13P1        0.000000           0.4645333E-03 

                            GHGM19PC14P1        0.000000           0.2248084E-03 

                            GHGM19PC15P1        164.5878            0.000000 

                                  WM20P1        31134.31            0.000000 

                                   A_209       0.1980000E-01        0.000000 

                                 WM20PC9        4096.620            0.000000 

                                  A_2010       0.1980000E-01        0.000000 

                                WM20PC10        7700.000            0.000000 

                                  A_2011       0.1980000E-01        0.000000 

                                WM20PC11        7700.000            0.000000 

                                  A_2012       0.1980000E-01        0.000000 

                                WM20PC12        2215.466            0.000000 

                                  A_2013       0.1980000E-01        0.000000 

                                WM20PC13        1794.125            0.000000 

                                  A_2014       0.1980000E-01        0.000000 

                                WM20PC14        2457.972            0.000000 

                                  A_2015       0.1980000E-01        0.000000 

                                WM20PC15        5170.129            0.000000 

                               WM20PC9P1        0.000000            0.000000 

                              WM20PC10P1        0.000000            0.000000 

                              WM20PC11P1        0.000000            0.000000 

                              WM20PC12P1        0.000000            0.000000 

                              WM20PC13P1        0.000000            0.000000 

                              WM20PC14P1        0.000000            0.000000 

                              WM20PC15P1        31134.31            0.000000 

                             TRCM20PC9P1        0.000000            0.000000 

                            TRCM20PC10P1        0.000000            0.000000 

                            TRCM20PC11P1        0.000000            0.000000 

                            TRCM20PC12P1        0.000000            0.000000 

                            TRCM20PC13P1        0.000000            0.000000 

                            TRCM20PC14P1        0.000000            0.000000 

                            TRCM20PC15P1        130826.4            0.000000 

                             GHGM20PC9P1        0.000000           0.7706010E-03 

                            GHGM20PC10P1        0.000000           0.6553283E-03 

                            GHGM20PC11P1        0.000000           0.6654979E-03 

                            GHGM20PC12P1        0.000000           0.6605031E-03 

                            GHGM20PC13P1        0.000000           0.4645333E-03 

                            GHGM20PC14P1        0.000000           0.2248084E-03 

                            GHGM20PC15P1        121.5985            0.000000 

                                  WM21P1        49.53186            0.000000 

                                  A_2116       0.4650000            0.000000 



Appendices 

cclxxxvi 

                                WM21PC16        13616.75            0.000000 

                                  A_2117       0.4650000            0.000000 

                                WM21PC17        13541.45            0.000000 

                                  A_2118       0.4650000            0.000000 

                                WM21PC18        27900.00            0.000000 

                                  A_2119      -0.1690000            0.000000 

                                WM21PC19        8450.000            0.000000 

                                  A_2120      -0.1690000            0.000000 

                                WM21PC20        46558.67            0.000000 

                              WM21PC16P1        0.000000           0.4000000E-08 

                              WM21PC17P1        49.53186            0.000000 

                              WM21PC18P1        0.000000           0.4000000E-08 

                            WM21PC16PC19        0.000000           0.5000000E-08 

                            WM21PC16PC20        13616.75            0.000000 

                            WM21PC17PC19        8450.000            0.000000 

                            WM21PC17PC20        5041.919            0.000000 

                            WM21PC18PC19        0.000000           0.5000000E-08 

                            WM21PC18PC20        27900.00            0.000000 

                            WM21PC20PC20        13616.75            0.000000 

                            TRCM21PC16P1        0.000000            0.000000 

                                   D_16P        120.0700            0.000000 

                            TRCM21PC17P1        309.8218            0.000000 

                                   D_17P        57.55000            0.000000 

                            TRCM21PC18P1        0.000000            0.000000 

                                   D_18P        4.600000            0.000000 

                          TRCM21PC16PC19        0.000000            0.000000 

                                  D_1611        119.3700            0.000000 

                          TRCM21PC17PC19        52254.80            0.000000 

                                  D_1711        56.84000            0.000000 

                          TRCM21PC18PC19        0.000000            0.000000 

                                  D_1811        3.900000            0.000000 

                          TRCM21PC16PC20        170617.9            0.000000 

                                  D_1612        120.3000            0.000000 

                          TRCM21PC17PC20        31673.33            0.000000 

                                  D_1712        57.82000            0.000000 

                          TRCM21PC18PC20        27425.70            0.000000 

                                  D_1812        4.830000            0.000000 

                            GHGM21PC16P1        0.000000            0.000000 

                            GHGM21PC17P1       0.3007339            0.000000 

                            GHGM21PC18P1        0.000000            0.000000 

                          GHGM21PC16PC19        0.000000            0.000000 

                          GHGM21PC17PC19        50.67144            0.000000 

                          GHGM21PC18PC19        0.000000            0.000000 

                          GHGM21PC16PC20        172.8190            0.000000 

                          GHGM21PC17PC20        30.75575            0.000000 

                          GHGM21PC18PC20        14.21686            0.000000 

                                  WM22P1        63346.53            0.000000 

                                  A_2216       0.5350000            0.000000 

                                WM22PC16        15666.58            0.000000 

                                  A_2217       0.5350000            0.000000 

                                WM22PC17        15579.95            0.000000 

                                  A_2218       0.5350000            0.000000 

                                WM22PC18        32100.00            0.000000 

                              WM22PC16P1        15666.58            0.000000 

                              WM22PC17P1        15579.95            0.000000 

                              WM22PC18P1        32100.00            0.000000 

                            TRCM22PC16P1        195942.0            0.000000 

                            TRCM22PC17P1        97452.58            0.000000 

                            TRCM22PC18P1        30816.00            0.000000 

                            GHGM22PC16P1        198.4546            0.000000 

                            GHGM22PC17P1        94.59405            0.000000 

                            GHGM22PC18P1        15.57813            0.000000 

                                  WM24P1        247376.3            0.000000 

                                  A_2419       0.7600000            0.000000 

                                WM24PC19        38000.00            0.000000 

                                  A_2420       0.7600000            0.000000 

                                WM24PC20        209376.3            0.000000 

                              WM24PC19P1        38000.00            0.000000 
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                              WM24PC20P1        209376.3            0.000000 

                            TRCM24PC19P1        36100.00            0.000000 

                                   D_19P        4.500000            0.000000 

                            TRCM24PC20P1        174473.2            0.000000 

                                   D_20P        3.333000            0.000000 

                            GHGM24PC19P1        18.04050            0.000000 

                            GHGM24PC20P1        73.62329            0.000000 

                                  WM25P1        61844.07            0.000000 

                                  A_2519       0.1900000            0.000000 

                                WM25PC19        9500.000            0.000000 

                                  A_2520       0.1900000            0.000000 

                                WM25PC20        52344.07            0.000000 

                              WM25PC19P1        9500.000            0.000000 

                              WM25PC20P1        52344.07            0.000000 

                            TRCM25PC19P1        9025.000            0.000000 

                            TRCM25PC20P1        43618.31            0.000000 

                            GHGM25PC19P1        4.510125            0.000000 

                            GHGM25PC20P1        18.40582            0.000000 

                                  WM26P1        16274.75            0.000000 

                                  A_2619       0.5000000E-01        0.000000 

                                WM26PC19        2500.000            0.000000 

                                  A_2620       0.5000000E-01        0.000000 

                                WM26PC20        13774.75            0.000000 

                              WM26PC19P1        2500.000            0.000000 

                              WM26PC20P1        13774.75            0.000000 

                            TRCM26PC19P1        2375.000            0.000000 

                            TRCM26PC20P1        11478.50            0.000000 

                            GHGM26PC19P1        1.186875            0.000000 

                            GHGM26PC20P1        4.843637            0.000000 

                                  WM27P1        17576.73            0.000000 

                                  A_2719       0.5400000E-01        0.000000 

                                WM27PC19        2700.000            0.000000 

                                  A_2720       0.5400000E-01        0.000000 

                                WM27PC20        14876.73            0.000000 

                              WM27PC19P1        2700.000            0.000000 

                              WM27PC20P1        14876.73            0.000000 

                            TRCM27PC19P1        2565.000            0.000000 

                            TRCM27PC20P1        12396.78            0.000000 

                            GHGM27PC19P1        1.281825            0.000000 

                            GHGM27PC20P1        5.231128            0.000000 

                                  WM28P1        11066.83            0.000000 

                                  A_2819       0.3400000E-01        0.000000 

                                WM28PC19        1700.000            0.000000 

                                  A_2820       0.3400000E-01        0.000000 

                                WM28PC20        9366.833            0.000000 

                              WM28PC19P1        1700.000            0.000000 

                              WM28PC20P1        9366.833            0.000000 

                            TRCM28PC19P1        1615.000            0.000000 

                            TRCM28PC20P1        7805.382            0.000000 

                            GHGM28PC19P1       0.8070750            0.000000 

                            GHGM28PC20P1        3.293673            0.000000 

                                  WM29P1        27667.08            0.000000 

                                  A_2919       0.8500000E-01        0.000000 

                                WM29PC19        4250.000            0.000000 

                                  A_2920       0.8500000E-01        0.000000 

                                WM29PC20        23417.08            0.000000 

                              WM29PC19P1        4250.000            0.000000 

                              WM29PC20P1        23417.08            0.000000 

                            TRCM29PC19P1        4037.500            0.000000 

                            TRCM29PC20P1        19513.45            0.000000 

                            GHGM29PC19P1        2.017688            0.000000 

                            GHGM29PC20P1        8.234184            0.000000 

                                  WM30P1        4556.931            0.000000 

                                  A_3019       0.1400000E-01        0.000000 

                                WM30PC19        700.0000            0.000000 

                                  A_3020       0.1400000E-01        0.000000 

                                WM30PC20        3856.931            0.000000 

                              WM30PC19P1        700.0000            0.000000 
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                              WM30PC20P1        3856.931            0.000000 

                            TRCM30PC19P1        665.0000            0.000000 

                            TRCM30PC20P1        3213.981            0.000000 

                            GHGM30PC19P1       0.3323250            0.000000 

                            GHGM30PC20P1        1.356218            0.000000 

                                  TRCPC1       0.4490915            0.000000 

                                  TRCPC2       0.1686005            0.000000 

                                  TRCPC3       0.8330464E-01        0.000000 

                                  TRCPC4       0.3815567            0.000000 

                                  TRCPC5       0.1880412            0.000000 

                                  TRCPC6       0.1130191            0.000000 

                                  TRCPC7       0.5193223E-01        0.000000 

                                  TRCPC8       0.7657809E-01        0.000000 

                                  TRCPC9        1.743321            0.000000 

                                 TRCPC10        3.266897            0.000000 

                                 TRCPC11        2.622376            0.000000 

                                 TRCPC12       0.9165979            0.000000 

                                 TRCPC13       0.6771735            0.000000 

                                 TRCPC14       0.9758136            0.000000 

                                 TRCPC15        1.779881            0.000000 

                                 TRCPC16       0.3665598            0.000000 

                                 TRCPC17       0.1816905            0.000000 

                                 TRCPC18       0.5824170E-01        0.000000 

                                 TRCPC19       0.5638250E-01        0.000000 

                                 TRCPC20       0.2724996            0.000000 

                                  TRCTOT        14.42956            0.000000 

                                TRGHGPC1        458.0140            0.000000 

                                TRGHGPC2        170.6373            0.000000 

                                TRGHGPC3        85.38341            0.000000 

                                TRGHGPC4        379.5285            0.000000 

                                TRGHGPC5        184.8362            0.000000 

                                TRGHGPC6        110.4211            0.000000 

                                TRGHGPC7        47.55226            0.000000 

                                TRGHGPC8        76.70914            0.000000 

                                TRGHGPC9        1699.254            0.000000 

                               TRGHGPC10        3183.526            0.000000 

                               TRGHGPC11        1750.493            0.000000 

                               TRGHGPC12        834.4668            0.000000 

                               TRGHGPC13        653.1266            0.000000 

                               TRGHGPC14        945.5134            0.000000 

                               TRGHGPC15        1616.215            0.000000 

                               TRGHGPC16        371.2737            0.000000 

                               TRGHGPC17        176.3220            0.000000 

                               TRGHGPC18        29.79499            0.000000 

                               TRGHGPC19        28.17641            0.000000 

                               TRGHGPC20        114.9880            0.000000 

                                   TRGHG        12916.23            0.000000 

                                   EPTOT        220.1819            0.000000 

                                   GPTOT        238.6526            0.000000 

                                  GHGTOT        1877905.            0.000000 

                               YTOT( M1)       -76000.00            0.000000 

                               YTOT( M2)        0.000000            0.000000 

                               YTOT( M3)       -26752.00            0.000000 

                               YTOT( M4)       -10488.00            0.000000 

                               YTOT( M5)       -34884.00            0.000000 

                               YTOT( M6)       -7382.640            0.000000 

                               YTOT( M7)        0.000000            0.000000 

                               YTOT( M8)        1864989.            0.000000 

                               YTOT( M9)       -467014.7            0.000000 

                              YTOT( M10)        0.000000            0.000000 

                              YTOT( M11)        0.000000            0.000000 

                              YTOT( M12)        87742.15            0.000000 

                              YTOT( M13)        0.000000            0.000000 

                              YTOT( M14)        0.000000            0.000000 

                              YTOT( M15)        0.000000            0.000000 

                              YTOT( M16)        0.000000            0.000000 

                              YTOT( M17)        28368.90            0.000000 

                              YTOT( M18)       -644700.4            0.000000 
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                              YTOT( M19)        42141.39            0.000000 

                              YTOT( M20)        31134.31            0.000000 

                              YTOT( M21)        49.53186            0.000000 

                              YTOT( M22)        63346.53            0.000000 

                              YTOT( M23)       -25744.49            0.000000 

                              YTOT( M24)        247376.3            0.000000 

                              YTOT( M25)        61844.07            0.000000 

                              YTOT( M26)        16274.75            0.000000 

                              YTOT( M27)        17576.73            0.000000 

                              YTOT( M28)        11066.83            0.000000 

                              YTOT( M29)        27667.08            0.000000 

                              YTOT( M30)        4556.931            0.000000 

                                 YU( M1)        0.000000            0.000000 

                                 YU( M2)        0.000000            0.000000 

                                 YU( M3)        0.000000            0.000000 

                                 YU( M4)        0.000000            0.000000 

                                 YU( M5)        0.000000            0.000000 

                                 YU( M6)       0.1000000E+08        0.000000 

                                 YU( M7)       0.1000000E+08        0.000000 

                                 YU( M8)       0.1000000E+08        0.000000 

                                 YU( M9)        0.000000            0.000000 

                                YU( M10)       0.1000000E+08        0.000000 

                                YU( M11)       0.1000000E+08        0.000000 

                                YU( M12)       0.1000000E+08        0.000000 

                                YU( M13)       0.1000000E+08        0.000000 

                                YU( M14)       0.1000000E+08        0.000000 

                                YU( M15)       0.1000000E+08        0.000000 

                                YU( M16)       0.1000000E+08        0.000000 

                                YU( M17)       0.1000000E+08        0.000000 

                                YU( M18)        0.000000            0.000000 

                                YU( M19)       0.1000000E+08        0.000000 

                                YU( M20)       0.1000000E+08        0.000000 

                                YU( M21)       0.1000000E+08        0.000000 

                                YU( M22)       0.1000000E+08        0.000000 

                                YU( M23)        0.000000            0.000000 

                                YU( M24)       0.1000000E+08        0.000000 

                                YU( M25)       0.1000000E+08        0.000000 

                                YU( M26)       0.1000000E+08        0.000000 

                                YU( M27)       0.1000000E+08        0.000000 

                                YU( M28)       0.1000000E+08        0.000000 

                                YU( M29)       0.1000000E+08        0.000000 

                                YU( M30)       0.1000000E+08        0.000000 

                                 YL( M1)      -0.1000000E+08        0.000000 

                                 YL( M2)      -0.1000000E+08        0.000000 

                                 YL( M3)      -0.1000000E+08        0.000000 

                                 YL( M4)      -0.1000000E+08        0.000000 

                                 YL( M5)      -0.1000000E+08        0.000000 

                                 YL( M6)      -0.1000000E+08        0.000000 

                                 YL( M7)        0.000000            0.000000 

                                 YL( M8)      -0.1000000E+08        0.000000 

                                 YL( M9)      -0.1000000E+08        0.000000 

                                YL( M10)        0.000000            0.000000 

                                YL( M11)        0.000000            0.000000 

                                YL( M12)        0.000000            0.000000 

                                YL( M13)        0.000000            0.000000 

                                YL( M14)        0.000000            0.000000 

                                YL( M15)        0.000000            0.000000 

                                YL( M16)        0.000000            0.000000 

                                YL( M17)      -0.1000000E+08        0.000000 

                                YL( M18)      -0.1000000E+08        0.000000 

                                YL( M19)        0.000000            0.000000 

                                YL( M20)        0.000000            0.000000 

                                YL( M21)        0.000000            0.000000 

                                YL( M22)        0.000000            0.000000 

                                YL( M23)      -0.1000000E+08        0.000000 

                                YL( M24)        0.000000            0.000000 

                                YL( M25)        0.000000            0.000000 

                                YL( M26)        0.000000            0.000000 
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                                YL( M27)        0.000000            0.000000 

                                YL( M28)        0.000000            0.000000 

                                YL( M29)        0.000000            0.000000 

                                YL( M30)        0.000000            0.000000 

                                 CM( M1)        0.000000            0.000000 

                                 CM( M2)        380.0000            0.000000 

                                 CM( M3)        300.0000            0.000000 

                                 CM( M4)        372.0000            0.000000 

                                 CM( M5)        285.0000            0.000000 

                                 CM( M6)        100.0000            0.000000 

                                 CM( M7)        121.0000            0.000000 

                                 CM( M8)        0.000000            0.000000 

                                 CM( M9)       0.5500000            0.000000 

                                CM( M10)        548.0000            0.000000 

                                CM( M11)        389.0000            0.000000 

                                CM( M12)        43.00000            0.000000 

                                CM( M13)        45.00000            0.000000 

                                CM( M14)        6.000000            0.000000 

                                CM( M15)        8.000000            0.000000 

                                CM( M16)        0.000000            0.000000 

                                CM( M17)        79.60000            0.000000 

                                CM( M18)        1.140000            0.000000 

                                CM( M19)        150.0000            0.000000 

                                CM( M20)        300.0000            0.000000 

                                CM( M21)        921.8333            0.000000 

                                CM( M22)        212.0000            0.000000 

                                CM( M23)        104.3000            0.000000 

                                CM( M24)        777.2500            0.000000 

                                CM( M25)        720.5000            0.000000 

                                CM( M26)        630.4500            0.000000 

                                CM( M27)        777.2500            0.000000 

                                CM( M28)        466.3500            0.000000 

                                CM( M29)        432.3000            0.000000 

                                CM( M30)        378.2700            0.000000 

                              XTOT( PC1)        10000.00            0.000000 

                              XTOT( PC2)        8000.000            0.000000 

                              XTOT( PC3)        5000.000            0.000000 

                              XTOT( PC4)        18000.00            0.000000 

                              XTOT( PC5)        12000.00            0.000000 

                              XTOT( PC6)        9000.000            0.000000 

                              XTOT( PC7)        8000.000            0.000000 

                              XTOT( PC8)        6000.000            0.000000 

                              XTOT( PC9)        206900.0            0.000000 

                             XTOT( PC10)        388888.9            0.000000 

                             XTOT( PC11)        388888.9            0.000000 

                             XTOT( PC12)        111892.2            0.000000 

                             XTOT( PC13)        90612.35            0.000000 

                             XTOT( PC14)        124140.0            0.000000 

                             XTOT( PC15)        261117.6            0.000000 

                             XTOT( PC16)        29283.33            0.000000 

                             XTOT( PC17)        29121.40            0.000000 

                             XTOT( PC18)        60000.00            0.000000 

                             XTOT( PC19)        50000.00            0.000000 

                             XTOT( PC20)        275495.1            0.000000 

                                XU( PC1)        10000.00            0.000000 

                                XU( PC2)        8000.000            0.000000 

                                XU( PC3)        5000.000            0.000000 

                                XU( PC4)        18000.00            0.000000 

                                XU( PC5)        12000.00            0.000000 

                                XU( PC6)        9000.000            0.000000 

                                XU( PC7)        8000.000            0.000000 

                                XU( PC8)        6000.000            0.000000 

                                XU( PC9)        388888.9            0.000000 

                               XU( PC10)        388888.9            0.000000 

                               XU( PC11)        388888.9            0.000000 

                               XU( PC12)        388888.9            0.000000 

                               XU( PC13)        388888.9            0.000000 

                               XU( PC14)        388888.9            0.000000 
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                               XU( PC15)        388888.9            0.000000 

                               XU( PC16)        60000.00            0.000000 

                               XU( PC17)        60000.00            0.000000 

                               XU( PC18)        60000.00            0.000000 

                               XU( PC19)        280000.0            0.000000 

                               XU( PC20)        280000.0            0.000000 

                                XL( PC1)        0.000000            0.000000 

                                XL( PC2)        0.000000            0.000000 

                                XL( PC3)        0.000000            0.000000 

                                XL( PC4)        0.000000            0.000000 

                                XL( PC5)        0.000000            0.000000 

                                XL( PC6)        0.000000            0.000000 

                                XL( PC7)        0.000000            0.000000 

                                XL( PC8)        0.000000            0.000000 

                                XL( PC9)        90612.35            0.000000 

                               XL( PC10)        90612.35            0.000000 

                               XL( PC11)        90612.35            0.000000 

                               XL( PC12)        90612.35            0.000000 

                               XL( PC13)        90612.35            0.000000 

                               XL( PC14)        90612.35            0.000000 

                               XL( PC15)        90612.35            0.000000 

                               XL( PC16)        20000.00            0.000000 

                               XL( PC17)        20000.00            0.000000 

                               XL( PC18)        20000.00            0.000000 

                               XL( PC19)        50000.00            0.000000 

                               XL( PC20)        50000.00            0.000000 

                                CC( PC1)        0.000000            0.000000 

                                CC( PC2)        0.000000            0.000000 

                                CC( PC3)        0.000000            0.000000 

                                CC( PC4)        0.000000            0.000000 

                                CC( PC5)        0.000000            0.000000 

                                CC( PC6)        0.000000            0.000000 

                                CC( PC7)        0.000000            0.000000 

                                CC( PC8)        0.000000            0.000000 

                                CC( PC9)        18.96000            0.000000 

                               CC( PC10)        18.96000            0.000000 

                               CC( PC11)        18.96000            0.000000 

                               CC( PC12)        18.96000            0.000000 

                               CC( PC13)        18.96000            0.000000 

                               CC( PC14)        18.96000            0.000000 

                               CC( PC15)        18.96000            0.000000 

                               CC( PC16)        4.500000            0.000000 

                               CC( PC17)        4.500000            0.000000 

                               CC( PC18)        4.500000            0.000000 

                               CC( PC19)        22.75000            0.000000 

                               CC( PC20)        22.75000            0.000000 

                                OC( PC1)       0.3421350            0.000000 

                                OC( PC2)       0.2737080            0.000000 

                                OC( PC3)       0.1710675            0.000000 

                                OC( PC4)       0.6158430            0.000000 

                                OC( PC5)       0.4105620            0.000000 

                                OC( PC6)       0.3079215            0.000000 

                                OC( PC7)       0.2737080            0.000000 

                                OC( PC8)       0.2052810            0.000000 

                                OC( PC9)        3.500000            0.000000 

                               OC( PC10)        3.500000            0.000000 

                               OC( PC11)        3.500000            0.000000 

                               OC( PC12)        3.500000            0.000000 

                               OC( PC13)        3.500000            0.000000 

                               OC( PC14)        3.500000            0.000000 

                               OC( PC15)        3.500000            0.000000 

                               OC( PC16)        1.100000            0.000000 

                               OC( PC17)        1.100000            0.000000 

                               OC( PC18)        1.100000            0.000000 

                               OC( PC19)        2.500000            0.000000 

                               OC( PC20)        2.500000            0.000000 

                        A_POVC( M1, PC1)       -1.000000            0.000000 

                        A_POVC( M1, PC2)       -1.000000            0.000000 
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                        A_POVC( M1, PC3)       -1.000000            0.000000 

                        A_POVC( M1, PC4)       -1.000000            0.000000 

                        A_POVC( M1, PC5)       -1.000000            0.000000 

                        A_POVC( M1, PC6)       -1.000000            0.000000 

                        A_POVC( M1, PC7)       -1.000000            0.000000 

                        A_POVC( M1, PC8)       -1.000000            0.000000 

                        A_POVC( M1, PC9)        0.000000            0.000000 

                       A_POVC( M1, PC10)        0.000000            0.000000 

                       A_POVC( M1, PC11)        0.000000            0.000000 

                       A_POVC( M1, PC12)        0.000000            0.000000 

                       A_POVC( M1, PC13)        0.000000            0.000000 

                       A_POVC( M1, PC14)        0.000000            0.000000 

                       A_POVC( M1, PC15)        0.000000            0.000000 

                       A_POVC( M1, PC16)        0.000000            0.000000 

                       A_POVC( M1, PC17)        0.000000            0.000000 

                       A_POVC( M1, PC18)        0.000000            0.000000 

                       A_POVC( M1, PC19)        0.000000            0.000000 

                       A_POVC( M1, PC20)        0.000000            0.000000 

                        A_POVC( M2, PC1)        0.000000            0.000000 

                        A_POVC( M2, PC2)        0.000000            0.000000 

                        A_POVC( M2, PC3)        0.000000            0.000000 

                        A_POVC( M2, PC4)        0.000000            0.000000 

                        A_POVC( M2, PC5)        0.000000            0.000000 

                        A_POVC( M2, PC6)        0.000000            0.000000 

                        A_POVC( M2, PC7)        0.000000            0.000000 

                        A_POVC( M2, PC8)        0.000000            0.000000 

                        A_POVC( M2, PC9)        0.000000            0.000000 

                       A_POVC( M2, PC10)        0.000000            0.000000 

                       A_POVC( M2, PC11)        0.000000            0.000000 

                       A_POVC( M2, PC12)        0.000000            0.000000 

                       A_POVC( M2, PC13)        0.000000            0.000000 

                       A_POVC( M2, PC14)        0.000000            0.000000 

                       A_POVC( M2, PC15)        0.000000            0.000000 

                       A_POVC( M2, PC16)        0.000000            0.000000 

                       A_POVC( M2, PC17)        0.000000            0.000000 

                       A_POVC( M2, PC18)        0.000000            0.000000 

                       A_POVC( M2, PC19)        0.000000            0.000000 

                       A_POVC( M2, PC20)        0.000000            0.000000 

                        A_POVC( M3, PC1)      -0.3520000            0.000000 

                        A_POVC( M3, PC2)      -0.3520000            0.000000 

                        A_POVC( M3, PC3)      -0.3520000            0.000000 

                        A_POVC( M3, PC4)      -0.3520000            0.000000 

                        A_POVC( M3, PC5)      -0.3520000            0.000000 

                        A_POVC( M3, PC6)      -0.3520000            0.000000 

                        A_POVC( M3, PC7)      -0.3520000            0.000000 

                        A_POVC( M3, PC8)      -0.3520000            0.000000 

                        A_POVC( M3, PC9)        0.000000            0.000000 

                       A_POVC( M3, PC10)        0.000000            0.000000 

                       A_POVC( M3, PC11)        0.000000            0.000000 

                       A_POVC( M3, PC12)        0.000000            0.000000 

                       A_POVC( M3, PC13)        0.000000            0.000000 

                       A_POVC( M3, PC14)        0.000000            0.000000 

                       A_POVC( M3, PC15)        0.000000            0.000000 

                       A_POVC( M3, PC16)        0.000000            0.000000 

                       A_POVC( M3, PC17)        0.000000            0.000000 

                       A_POVC( M3, PC18)        0.000000            0.000000 

                       A_POVC( M3, PC19)        0.000000            0.000000 

                       A_POVC( M3, PC20)        0.000000            0.000000 

                        A_POVC( M4, PC1)      -0.1380000            0.000000 

                        A_POVC( M4, PC2)      -0.1380000            0.000000 

                        A_POVC( M4, PC3)      -0.1380000            0.000000 

                        A_POVC( M4, PC4)      -0.1380000            0.000000 

                        A_POVC( M4, PC5)      -0.1380000            0.000000 

                        A_POVC( M4, PC6)      -0.1380000            0.000000 

                        A_POVC( M4, PC7)      -0.1380000            0.000000 

                        A_POVC( M4, PC8)      -0.1380000            0.000000 

                        A_POVC( M4, PC9)        0.000000            0.000000 

                       A_POVC( M4, PC10)        0.000000            0.000000 
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                       A_POVC( M4, PC11)        0.000000            0.000000 

                       A_POVC( M4, PC12)        0.000000            0.000000 

                       A_POVC( M4, PC13)        0.000000            0.000000 

                       A_POVC( M4, PC14)        0.000000            0.000000 

                       A_POVC( M4, PC15)        0.000000            0.000000 

                       A_POVC( M4, PC16)        0.000000            0.000000 

                       A_POVC( M4, PC17)        0.000000            0.000000 

                       A_POVC( M4, PC18)        0.000000            0.000000 

                       A_POVC( M4, PC19)        0.000000            0.000000 

                       A_POVC( M4, PC20)        0.000000            0.000000 

                        A_POVC( M5, PC1)      -0.4590000            0.000000 

                        A_POVC( M5, PC2)      -0.4590000            0.000000 

                        A_POVC( M5, PC3)      -0.4590000            0.000000 

                        A_POVC( M5, PC4)      -0.4590000            0.000000 

                        A_POVC( M5, PC5)      -0.4590000            0.000000 

                        A_POVC( M5, PC6)      -0.4590000            0.000000 

                        A_POVC( M5, PC7)      -0.4590000            0.000000 

                        A_POVC( M5, PC8)      -0.4590000            0.000000 

                        A_POVC( M5, PC9)        0.000000            0.000000 

                       A_POVC( M5, PC10)        0.000000            0.000000 

                       A_POVC( M5, PC11)        0.000000            0.000000 

                       A_POVC( M5, PC12)        0.000000            0.000000 

                       A_POVC( M5, PC13)        0.000000            0.000000 

                       A_POVC( M5, PC14)        0.000000            0.000000 

                       A_POVC( M5, PC15)        0.000000            0.000000 

                       A_POVC( M5, PC16)        0.000000            0.000000 

                       A_POVC( M5, PC17)        0.000000            0.000000 

                       A_POVC( M5, PC18)        0.000000            0.000000 

                       A_POVC( M5, PC19)        0.000000            0.000000 

                       A_POVC( M5, PC20)        0.000000            0.000000 

                        A_POVC( M6, PC1)       -2.042000            0.000000 

                        A_POVC( M6, PC2)       -2.042000            0.000000 

                        A_POVC( M6, PC3)       -2.042000            0.000000 

                        A_POVC( M6, PC4)       -2.042000            0.000000 

                        A_POVC( M6, PC5)       -2.042000            0.000000 

                        A_POVC( M6, PC6)       -2.042000            0.000000 

                        A_POVC( M6, PC7)       -2.042000            0.000000 

                        A_POVC( M6, PC8)       -2.042000            0.000000 

                        A_POVC( M6, PC9)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC10)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC11)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC12)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC13)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC14)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC15)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC16)        0.000000            0.000000 

                       A_POVC( M6, PC17)        0.000000            0.000000 

                       A_POVC( M6, PC18)        0.000000            0.000000 

                       A_POVC( M6, PC19)        0.000000            0.000000 

                       A_POVC( M6, PC20)        0.000000            0.000000 

                        A_POVC( M7, PC1)        20.69000            0.000000 

                        A_POVC( M7, PC2)        20.69000            0.000000 

                        A_POVC( M7, PC3)        20.69000            0.000000 

                        A_POVC( M7, PC4)        20.69000            0.000000 

                        A_POVC( M7, PC5)        20.69000            0.000000 

                        A_POVC( M7, PC6)        20.69000            0.000000 

                        A_POVC( M7, PC7)        20.69000            0.000000 

                        A_POVC( M7, PC8)        20.69000            0.000000 

                        A_POVC( M7, PC9)       -1.000000            0.000000 

                       A_POVC( M7, PC10)       -1.000000            0.000000 

                       A_POVC( M7, PC11)       -1.000000            0.000000 

                       A_POVC( M7, PC12)       -1.000000            0.000000 

                       A_POVC( M7, PC13)       -1.000000            0.000000 

                       A_POVC( M7, PC14)       -1.000000            0.000000 

                       A_POVC( M7, PC15)       -1.000000            0.000000 

                       A_POVC( M7, PC16)        0.000000            0.000000 

                       A_POVC( M7, PC17)        0.000000            0.000000 

                       A_POVC( M7, PC18)        0.000000            0.000000 
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                       A_POVC( M7, PC19)        0.000000            0.000000 

                       A_POVC( M7, PC20)        0.000000            0.000000 

                        A_POVC( M8, PC1)        19.52200            0.000000 

                        A_POVC( M8, PC2)        19.52200            0.000000 

                        A_POVC( M8, PC3)        19.52200            0.000000 

                        A_POVC( M8, PC4)        19.52200            0.000000 

                        A_POVC( M8, PC5)        19.52200            0.000000 

                        A_POVC( M8, PC6)        19.52200            0.000000 

                        A_POVC( M8, PC7)        19.52200            0.000000 

                        A_POVC( M8, PC8)        19.52200            0.000000 

                        A_POVC( M8, PC9)       0.2425000            0.000000 

                       A_POVC( M8, PC10)       0.2425000            0.000000 

                       A_POVC( M8, PC11)       0.2425000            0.000000 

                       A_POVC( M8, PC12)       0.2425000            0.000000 

                       A_POVC( M8, PC13)       0.2425000            0.000000 

                       A_POVC( M8, PC14)       0.2425000            0.000000 

                       A_POVC( M8, PC15)       0.2425000            0.000000 

                       A_POVC( M8, PC16)        0.000000            0.000000 

                       A_POVC( M8, PC17)        0.000000            0.000000 

                       A_POVC( M8, PC18)        0.000000            0.000000 

                       A_POVC( M8, PC19)        0.000000            0.000000 

                       A_POVC( M8, PC20)        0.000000            0.000000 

                        A_POVC( M9, PC1)        0.000000            0.000000 

                        A_POVC( M9, PC2)        0.000000            0.000000 

                        A_POVC( M9, PC3)        0.000000            0.000000 

                        A_POVC( M9, PC4)        0.000000            0.000000 

                        A_POVC( M9, PC5)        0.000000            0.000000 

                        A_POVC( M9, PC6)        0.000000            0.000000 

                        A_POVC( M9, PC7)        0.000000            0.000000 

                        A_POVC( M9, PC8)        0.000000            0.000000 

                        A_POVC( M9, PC9)      -0.2970000            0.000000 

                       A_POVC( M9, PC10)      -0.2970000            0.000000 

                       A_POVC( M9, PC11)      -0.2970000            0.000000 

                       A_POVC( M9, PC12)      -0.2970000            0.000000 

                       A_POVC( M9, PC13)      -0.2970000            0.000000 

                       A_POVC( M9, PC14)      -0.2970000            0.000000 

                       A_POVC( M9, PC15)      -0.2970000            0.000000 

                       A_POVC( M9, PC16)        0.000000            0.000000 

                       A_POVC( M9, PC17)        0.000000            0.000000 

                       A_POVC( M9, PC18)        0.000000            0.000000 

                       A_POVC( M9, PC19)        0.000000            0.000000 

                       A_POVC( M9, PC20)        0.000000            0.000000 

                       A_POVC( M10, PC1)        0.000000            0.000000 

                       A_POVC( M10, PC2)        0.000000            0.000000 

                       A_POVC( M10, PC3)        0.000000            0.000000 

                       A_POVC( M10, PC4)        0.000000            0.000000 

                       A_POVC( M10, PC5)        0.000000            0.000000 

                       A_POVC( M10, PC6)        0.000000            0.000000 

                       A_POVC( M10, PC7)        0.000000            0.000000 

                       A_POVC( M10, PC8)        0.000000            0.000000 

                       A_POVC( M10, PC9)       0.2070000            0.000000 

                      A_POVC( M10, PC10)       0.2070000            0.000000 

                      A_POVC( M10, PC11)       0.2070000            0.000000 

                      A_POVC( M10, PC12)       0.2070000            0.000000 

                      A_POVC( M10, PC13)       0.2070000            0.000000 

                      A_POVC( M10, PC14)       0.2070000            0.000000 

                      A_POVC( M10, PC15)       0.2070000            0.000000 

                      A_POVC( M10, PC16)        0.000000            0.000000 

                      A_POVC( M10, PC17)        0.000000            0.000000 

                      A_POVC( M10, PC18)        0.000000            0.000000 

                      A_POVC( M10, PC19)       -1.000000            0.000000 

                      A_POVC( M10, PC20)       -1.000000            0.000000 

                       A_POVC( M11, PC1)        0.000000            0.000000 

                       A_POVC( M11, PC2)        0.000000            0.000000 

                       A_POVC( M11, PC3)        0.000000            0.000000 

                       A_POVC( M11, PC4)        0.000000            0.000000 

                       A_POVC( M11, PC5)        0.000000            0.000000 

                       A_POVC( M11, PC6)        0.000000            0.000000 
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                       A_POVC( M11, PC7)        0.000000            0.000000 

                       A_POVC( M11, PC8)        0.000000            0.000000 

                       A_POVC( M11, PC9)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC10)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC11)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC12)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC13)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC14)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC15)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC16)       -1.000000            0.000000 

                      A_POVC( M11, PC17)       -1.000000            0.000000 

                      A_POVC( M11, PC18)       -1.000000            0.000000 

                      A_POVC( M11, PC19)        0.000000            0.000000 

                      A_POVC( M11, PC20)        0.000000            0.000000 

                       A_POVC( M12, PC1)        0.000000            0.000000 

                       A_POVC( M12, PC2)        0.000000            0.000000 

                       A_POVC( M12, PC3)        0.000000            0.000000 

                       A_POVC( M12, PC4)        0.000000            0.000000 

                       A_POVC( M12, PC5)        0.000000            0.000000 

                       A_POVC( M12, PC6)        0.000000            0.000000 

                       A_POVC( M12, PC7)        0.000000            0.000000 

                       A_POVC( M12, PC8)        0.000000            0.000000 

                       A_POVC( M12, PC9)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC10)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC11)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC12)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC13)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC14)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC15)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC16)        0.000000            0.000000 

                      A_POVC( M12, PC17)        0.000000            0.000000 

                      A_POVC( M12, PC18)        0.000000            0.000000 

                      A_POVC( M12, PC19)        0.000000            0.000000 

                      A_POVC( M12, PC20)        0.000000            0.000000 

                       A_POVC( M13, PC1)        0.000000            0.000000 

                       A_POVC( M13, PC2)        0.000000            0.000000 

                       A_POVC( M13, PC3)        0.000000            0.000000 

                       A_POVC( M13, PC4)        0.000000            0.000000 

                       A_POVC( M13, PC5)        0.000000            0.000000 

                       A_POVC( M13, PC6)        0.000000            0.000000 

                       A_POVC( M13, PC7)        0.000000            0.000000 

                       A_POVC( M13, PC8)        0.000000            0.000000 

                       A_POVC( M13, PC9)        0.000000            0.000000 

                      A_POVC( M13, PC10)        0.000000            0.000000 

                      A_POVC( M13, PC11)        0.000000            0.000000 

                      A_POVC( M13, PC12)        0.000000            0.000000 

                      A_POVC( M13, PC13)        0.000000            0.000000 

                      A_POVC( M13, PC14)        0.000000            0.000000 

                      A_POVC( M13, PC15)        0.000000            0.000000 

                      A_POVC( M13, PC16)        0.000000            0.000000 

                      A_POVC( M13, PC17)        0.000000            0.000000 

                      A_POVC( M13, PC18)        0.000000            0.000000 

                      A_POVC( M13, PC19)        0.000000            0.000000 

                      A_POVC( M13, PC20)        0.000000            0.000000 

                       A_POVC( M14, PC1)        0.000000            0.000000 

                       A_POVC( M14, PC2)        0.000000            0.000000 

                       A_POVC( M14, PC3)        0.000000            0.000000 

                       A_POVC( M14, PC4)        0.000000            0.000000 

                       A_POVC( M14, PC5)        0.000000            0.000000 

                       A_POVC( M14, PC6)        0.000000            0.000000 

                       A_POVC( M14, PC7)        0.000000            0.000000 

                       A_POVC( M14, PC8)        0.000000            0.000000 

                       A_POVC( M14, PC9)        0.000000            0.000000 

                      A_POVC( M14, PC10)        0.000000            0.000000 

                      A_POVC( M14, PC11)        0.000000            0.000000 

                      A_POVC( M14, PC12)        0.000000            0.000000 

                      A_POVC( M14, PC13)        0.000000            0.000000 

                      A_POVC( M14, PC14)        0.000000            0.000000 
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                      A_POVC( M14, PC15)        0.000000            0.000000 

                      A_POVC( M14, PC16)        0.000000            0.000000 

                      A_POVC( M14, PC17)        0.000000            0.000000 

                      A_POVC( M14, PC18)        0.000000            0.000000 

                      A_POVC( M14, PC19)        0.000000            0.000000 

                      A_POVC( M14, PC20)        0.000000            0.000000 

                       A_POVC( M15, PC1)        0.000000            0.000000 

                       A_POVC( M15, PC2)        0.000000            0.000000 

                       A_POVC( M15, PC3)        0.000000            0.000000 

                       A_POVC( M15, PC4)        0.000000            0.000000 

                       A_POVC( M15, PC5)        0.000000            0.000000 

                       A_POVC( M15, PC6)        0.000000            0.000000 

                       A_POVC( M15, PC7)        0.000000            0.000000 

                       A_POVC( M15, PC8)        0.000000            0.000000 

                       A_POVC( M15, PC9)        0.000000            0.000000 

                      A_POVC( M15, PC10)        0.000000            0.000000 

                      A_POVC( M15, PC11)        0.000000            0.000000 

                      A_POVC( M15, PC12)        0.000000            0.000000 

                      A_POVC( M15, PC13)        0.000000            0.000000 

                      A_POVC( M15, PC14)        0.000000            0.000000 

                      A_POVC( M15, PC15)        0.000000            0.000000 

                      A_POVC( M15, PC16)        0.000000            0.000000 

                      A_POVC( M15, PC17)        0.000000            0.000000 

                      A_POVC( M15, PC18)        0.000000            0.000000 

                      A_POVC( M15, PC19)        0.000000            0.000000 

                      A_POVC( M15, PC20)        0.000000            0.000000 

                       A_POVC( M16, PC1)        0.000000            0.000000 

                       A_POVC( M16, PC2)        0.000000            0.000000 

                       A_POVC( M16, PC3)        0.000000            0.000000 

                       A_POVC( M16, PC4)        0.000000            0.000000 

                       A_POVC( M16, PC5)        0.000000            0.000000 

                       A_POVC( M16, PC6)        0.000000            0.000000 

                       A_POVC( M16, PC7)        0.000000            0.000000 

                       A_POVC( M16, PC8)        0.000000            0.000000 

                       A_POVC( M16, PC9)        0.000000            0.000000 

                      A_POVC( M16, PC10)        0.000000            0.000000 

                      A_POVC( M16, PC11)        0.000000            0.000000 

                      A_POVC( M16, PC12)        0.000000            0.000000 

                      A_POVC( M16, PC13)        0.000000            0.000000 

                      A_POVC( M16, PC14)        0.000000            0.000000 

                      A_POVC( M16, PC15)        0.000000            0.000000 

                      A_POVC( M16, PC16)        0.000000            0.000000 

                      A_POVC( M16, PC17)        0.000000            0.000000 

                      A_POVC( M16, PC18)        0.000000            0.000000 

                      A_POVC( M16, PC19)        0.000000            0.000000 

                      A_POVC( M16, PC20)        0.000000            0.000000 

                       A_POVC( M17, PC1)        0.000000            0.000000 

                       A_POVC( M17, PC2)        0.000000            0.000000 

                       A_POVC( M17, PC3)        0.000000            0.000000 

                       A_POVC( M17, PC4)        0.000000            0.000000 

                       A_POVC( M17, PC5)        0.000000            0.000000 

                       A_POVC( M17, PC6)        0.000000            0.000000 

                       A_POVC( M17, PC7)        0.000000            0.000000 

                       A_POVC( M17, PC8)        0.000000            0.000000 

                       A_POVC( M17, PC9)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC10)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC11)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC12)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC13)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC14)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC15)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC16)      -0.4750000E-02        0.000000 

                      A_POVC( M17, PC17)      -0.4750000E-02        0.000000 

                      A_POVC( M17, PC18)      -0.4750000E-02        0.000000 

                      A_POVC( M17, PC19)      -0.1430000            0.000000 

                      A_POVC( M17, PC20)      -0.1430000            0.000000 

                       A_POVC( M18, PC1)        0.000000            0.000000 

                       A_POVC( M18, PC2)        0.000000            0.000000 
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                       A_POVC( M18, PC3)        0.000000            0.000000 

                       A_POVC( M18, PC4)        0.000000            0.000000 

                       A_POVC( M18, PC5)        0.000000            0.000000 

                       A_POVC( M18, PC6)        0.000000            0.000000 

                       A_POVC( M18, PC7)        0.000000            0.000000 

                       A_POVC( M18, PC8)        0.000000            0.000000 

                       A_POVC( M18, PC9)      -0.4100000            0.000000 

                      A_POVC( M18, PC10)      -0.4100000            0.000000 

                      A_POVC( M18, PC11)      -0.4100000            0.000000 

                      A_POVC( M18, PC12)      -0.4100000            0.000000 

                      A_POVC( M18, PC13)      -0.4100000            0.000000 

                      A_POVC( M18, PC14)      -0.4100000            0.000000 

                      A_POVC( M18, PC15)      -0.4100000            0.000000 

                      A_POVC( M18, PC16)        0.000000            0.000000 

                      A_POVC( M18, PC17)        0.000000            0.000000 

                      A_POVC( M18, PC18)        0.000000            0.000000 

                      A_POVC( M18, PC19)        0.000000            0.000000 

                      A_POVC( M18, PC20)        0.000000            0.000000 

                       A_POVC( M19, PC1)        0.000000            0.000000 

                       A_POVC( M19, PC2)        0.000000            0.000000 

                       A_POVC( M19, PC3)        0.000000            0.000000 

                       A_POVC( M19, PC4)        0.000000            0.000000 

                       A_POVC( M19, PC5)        0.000000            0.000000 

                       A_POVC( M19, PC6)        0.000000            0.000000 

                       A_POVC( M19, PC7)        0.000000            0.000000 

                       A_POVC( M19, PC8)        0.000000            0.000000 

                       A_POVC( M19, PC9)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC10)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC11)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC12)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC13)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC14)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC15)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC16)        0.000000            0.000000 

                      A_POVC( M19, PC17)        0.000000            0.000000 

                      A_POVC( M19, PC18)        0.000000            0.000000 

                      A_POVC( M19, PC19)        0.000000            0.000000 

                      A_POVC( M19, PC20)        0.000000            0.000000 

                       A_POVC( M20, PC1)        0.000000            0.000000 

                       A_POVC( M20, PC2)        0.000000            0.000000 

                       A_POVC( M20, PC3)        0.000000            0.000000 

                       A_POVC( M20, PC4)        0.000000            0.000000 

                       A_POVC( M20, PC5)        0.000000            0.000000 

                       A_POVC( M20, PC6)        0.000000            0.000000 

                       A_POVC( M20, PC7)        0.000000            0.000000 

                       A_POVC( M20, PC8)        0.000000            0.000000 

                       A_POVC( M20, PC9)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC10)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC11)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC12)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC13)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC14)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC15)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC16)        0.000000            0.000000 

                      A_POVC( M20, PC17)        0.000000            0.000000 

                      A_POVC( M20, PC18)        0.000000            0.000000 

                      A_POVC( M20, PC19)        0.000000            0.000000 

                      A_POVC( M20, PC20)        0.000000            0.000000 

                       A_POVC( M21, PC1)        0.000000            0.000000 

                       A_POVC( M21, PC2)        0.000000            0.000000 

                       A_POVC( M21, PC3)        0.000000            0.000000 

                       A_POVC( M21, PC4)        0.000000            0.000000 

                       A_POVC( M21, PC5)        0.000000            0.000000 

                       A_POVC( M21, PC6)        0.000000            0.000000 

                       A_POVC( M21, PC7)        0.000000            0.000000 

                       A_POVC( M21, PC8)        0.000000            0.000000 

                       A_POVC( M21, PC9)        0.000000            0.000000 

                      A_POVC( M21, PC10)        0.000000            0.000000 
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                      A_POVC( M21, PC11)        0.000000            0.000000 

                      A_POVC( M21, PC12)        0.000000            0.000000 

                      A_POVC( M21, PC13)        0.000000            0.000000 

                      A_POVC( M21, PC14)        0.000000            0.000000 

                      A_POVC( M21, PC15)        0.000000            0.000000 

                      A_POVC( M21, PC16)       0.4650000            0.000000 

                      A_POVC( M21, PC17)       0.4650000            0.000000 

                      A_POVC( M21, PC18)       0.4650000            0.000000 

                      A_POVC( M21, PC19)      -0.1690000            0.000000 

                      A_POVC( M21, PC20)      -0.1690000            0.000000 

                       A_POVC( M22, PC1)        0.000000            0.000000 

                       A_POVC( M22, PC2)        0.000000            0.000000 

                       A_POVC( M22, PC3)        0.000000            0.000000 

                       A_POVC( M22, PC4)        0.000000            0.000000 

                       A_POVC( M22, PC5)        0.000000            0.000000 

                       A_POVC( M22, PC6)        0.000000            0.000000 

                       A_POVC( M22, PC7)        0.000000            0.000000 

                       A_POVC( M22, PC8)        0.000000            0.000000 

                       A_POVC( M22, PC9)        0.000000            0.000000 

                      A_POVC( M22, PC10)        0.000000            0.000000 

                      A_POVC( M22, PC11)        0.000000            0.000000 

                      A_POVC( M22, PC12)        0.000000            0.000000 

                      A_POVC( M22, PC13)        0.000000            0.000000 

                      A_POVC( M22, PC14)        0.000000            0.000000 

                      A_POVC( M22, PC15)        0.000000            0.000000 

                      A_POVC( M22, PC16)       0.5350000            0.000000 

                      A_POVC( M22, PC17)       0.5350000            0.000000 

                      A_POVC( M22, PC18)       0.5350000            0.000000 

                      A_POVC( M22, PC19)        0.000000            0.000000 

                      A_POVC( M22, PC20)        0.000000            0.000000 

                       A_POVC( M23, PC1)        0.000000            0.000000 

                       A_POVC( M23, PC2)        0.000000            0.000000 

                       A_POVC( M23, PC3)        0.000000            0.000000 

                       A_POVC( M23, PC4)        0.000000            0.000000 

                       A_POVC( M23, PC5)        0.000000            0.000000 

                       A_POVC( M23, PC6)        0.000000            0.000000 

                       A_POVC( M23, PC7)        0.000000            0.000000 

                       A_POVC( M23, PC8)        0.000000            0.000000 

                       A_POVC( M23, PC9)        0.000000            0.000000 

                      A_POVC( M23, PC10)        0.000000            0.000000 

                      A_POVC( M23, PC11)        0.000000            0.000000 

                      A_POVC( M23, PC12)        0.000000            0.000000 

                      A_POVC( M23, PC13)        0.000000            0.000000 

                      A_POVC( M23, PC14)        0.000000            0.000000 

                      A_POVC( M23, PC15)        0.000000            0.000000 

                      A_POVC( M23, PC16)      -0.1564000            0.000000 

                      A_POVC( M23, PC17)      -0.1564000            0.000000 

                      A_POVC( M23, PC18)      -0.1564000            0.000000 

                      A_POVC( M23, PC19)      -0.2220000E-01        0.000000 

                      A_POVC( M23, PC20)      -0.2220000E-01        0.000000 

                       A_POVC( M24, PC1)        0.000000            0.000000 

                       A_POVC( M24, PC2)        0.000000            0.000000 

                       A_POVC( M24, PC3)        0.000000            0.000000 

                       A_POVC( M24, PC4)        0.000000            0.000000 

                       A_POVC( M24, PC5)        0.000000            0.000000 

                       A_POVC( M24, PC6)        0.000000            0.000000 

                       A_POVC( M24, PC7)        0.000000            0.000000 

                       A_POVC( M24, PC8)        0.000000            0.000000 

                       A_POVC( M24, PC9)        0.000000            0.000000 

                      A_POVC( M24, PC10)        0.000000            0.000000 

                      A_POVC( M24, PC11)        0.000000            0.000000 

                      A_POVC( M24, PC12)        0.000000            0.000000 

                      A_POVC( M24, PC13)        0.000000            0.000000 

                      A_POVC( M24, PC14)        0.000000            0.000000 

                      A_POVC( M24, PC15)        0.000000            0.000000 

                      A_POVC( M24, PC16)        0.000000            0.000000 

                      A_POVC( M24, PC17)        0.000000            0.000000 

                      A_POVC( M24, PC18)        0.000000            0.000000 
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                      A_POVC( M24, PC19)       0.7600000            0.000000 

                      A_POVC( M24, PC20)       0.7600000            0.000000 

                       A_POVC( M25, PC1)        0.000000            0.000000 

                       A_POVC( M25, PC2)        0.000000            0.000000 

                       A_POVC( M25, PC3)        0.000000            0.000000 

                       A_POVC( M25, PC4)        0.000000            0.000000 

                       A_POVC( M25, PC5)        0.000000            0.000000 

                       A_POVC( M25, PC6)        0.000000            0.000000 

                       A_POVC( M25, PC7)        0.000000            0.000000 

                       A_POVC( M25, PC8)        0.000000            0.000000 

                       A_POVC( M25, PC9)        0.000000            0.000000 

                      A_POVC( M25, PC10)        0.000000            0.000000 

                      A_POVC( M25, PC11)        0.000000            0.000000 

                      A_POVC( M25, PC12)        0.000000            0.000000 

                      A_POVC( M25, PC13)        0.000000            0.000000 

                      A_POVC( M25, PC14)        0.000000            0.000000 

                      A_POVC( M25, PC15)        0.000000            0.000000 

                      A_POVC( M25, PC16)        0.000000            0.000000 

                      A_POVC( M25, PC17)        0.000000            0.000000 

                      A_POVC( M25, PC18)        0.000000            0.000000 

                      A_POVC( M25, PC19)       0.1900000            0.000000 

                      A_POVC( M25, PC20)       0.1900000            0.000000 

                       A_POVC( M26, PC1)        0.000000            0.000000 

                       A_POVC( M26, PC2)        0.000000            0.000000 

                       A_POVC( M26, PC3)        0.000000            0.000000 

                       A_POVC( M26, PC4)        0.000000            0.000000 

                       A_POVC( M26, PC5)        0.000000            0.000000 

                       A_POVC( M26, PC6)        0.000000            0.000000 

                       A_POVC( M26, PC7)        0.000000            0.000000 

                       A_POVC( M26, PC8)        0.000000            0.000000 

                       A_POVC( M26, PC9)        0.000000            0.000000 

                      A_POVC( M26, PC10)        0.000000            0.000000 

                      A_POVC( M26, PC11)        0.000000            0.000000 

                      A_POVC( M26, PC12)        0.000000            0.000000 

                      A_POVC( M26, PC13)        0.000000            0.000000 

                      A_POVC( M26, PC14)        0.000000            0.000000 

                      A_POVC( M26, PC15)        0.000000            0.000000 

                      A_POVC( M26, PC16)        0.000000            0.000000 

                      A_POVC( M26, PC17)        0.000000            0.000000 

                      A_POVC( M26, PC18)        0.000000            0.000000 

                      A_POVC( M26, PC19)       0.5000000E-01        0.000000 

                      A_POVC( M26, PC20)       0.5000000E-01        0.000000 

                       A_POVC( M27, PC1)        0.000000            0.000000 

                       A_POVC( M27, PC2)        0.000000            0.000000 

                       A_POVC( M27, PC3)        0.000000            0.000000 

                       A_POVC( M27, PC4)        0.000000            0.000000 

                       A_POVC( M27, PC5)        0.000000            0.000000 

                       A_POVC( M27, PC6)        0.000000            0.000000 

                       A_POVC( M27, PC7)        0.000000            0.000000 

                       A_POVC( M27, PC8)        0.000000            0.000000 

                       A_POVC( M27, PC9)        0.000000            0.000000 

                      A_POVC( M27, PC10)        0.000000            0.000000 

                      A_POVC( M27, PC11)        0.000000            0.000000 

                      A_POVC( M27, PC12)        0.000000            0.000000 

                      A_POVC( M27, PC13)        0.000000            0.000000 

                      A_POVC( M27, PC14)        0.000000            0.000000 

                      A_POVC( M27, PC15)        0.000000            0.000000 

                      A_POVC( M27, PC16)        0.000000            0.000000 

                      A_POVC( M27, PC17)        0.000000            0.000000 

                      A_POVC( M27, PC18)        0.000000            0.000000 

                      A_POVC( M27, PC19)       0.5400000E-01        0.000000 

                      A_POVC( M27, PC20)       0.5400000E-01        0.000000 

                       A_POVC( M28, PC1)        0.000000            0.000000 

                       A_POVC( M28, PC2)        0.000000            0.000000 

                       A_POVC( M28, PC3)        0.000000            0.000000 

                       A_POVC( M28, PC4)        0.000000            0.000000 

                       A_POVC( M28, PC5)        0.000000            0.000000 

                       A_POVC( M28, PC6)        0.000000            0.000000 
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                       A_POVC( M28, PC7)        0.000000            0.000000 

                       A_POVC( M28, PC8)        0.000000            0.000000 

                       A_POVC( M28, PC9)        0.000000            0.000000 

                      A_POVC( M28, PC10)        0.000000            0.000000 

                      A_POVC( M28, PC11)        0.000000            0.000000 

                      A_POVC( M28, PC12)        0.000000            0.000000 

                      A_POVC( M28, PC13)        0.000000            0.000000 

                      A_POVC( M28, PC14)        0.000000            0.000000 

                      A_POVC( M28, PC15)        0.000000            0.000000 

                      A_POVC( M28, PC16)        0.000000            0.000000 

                      A_POVC( M28, PC17)        0.000000            0.000000 

                      A_POVC( M28, PC18)        0.000000            0.000000 

                      A_POVC( M28, PC19)       0.3400000E-01        0.000000 

                      A_POVC( M28, PC20)       0.3400000E-01        0.000000 

                       A_POVC( M29, PC1)        0.000000            0.000000 

                       A_POVC( M29, PC2)        0.000000            0.000000 

                       A_POVC( M29, PC3)        0.000000            0.000000 

                       A_POVC( M29, PC4)        0.000000            0.000000 

                       A_POVC( M29, PC5)        0.000000            0.000000 

                       A_POVC( M29, PC6)        0.000000            0.000000 

                       A_POVC( M29, PC7)        0.000000            0.000000 

                       A_POVC( M29, PC8)        0.000000            0.000000 

                       A_POVC( M29, PC9)        0.000000            0.000000 

                      A_POVC( M29, PC10)        0.000000            0.000000 

                      A_POVC( M29, PC11)        0.000000            0.000000 

                      A_POVC( M29, PC12)        0.000000            0.000000 

                      A_POVC( M29, PC13)        0.000000            0.000000 

                      A_POVC( M29, PC14)        0.000000            0.000000 

                      A_POVC( M29, PC15)        0.000000            0.000000 

                      A_POVC( M29, PC16)        0.000000            0.000000 

                      A_POVC( M29, PC17)        0.000000            0.000000 

                      A_POVC( M29, PC18)        0.000000            0.000000 

                      A_POVC( M29, PC19)       0.8500000E-01        0.000000 

                      A_POVC( M29, PC20)       0.8500000E-01        0.000000 

                       A_POVC( M30, PC1)        0.000000            0.000000 

                       A_POVC( M30, PC2)        0.000000            0.000000 

                       A_POVC( M30, PC3)        0.000000            0.000000 

                       A_POVC( M30, PC4)        0.000000            0.000000 

                       A_POVC( M30, PC5)        0.000000            0.000000 

                       A_POVC( M30, PC6)        0.000000            0.000000 

                       A_POVC( M30, PC7)        0.000000            0.000000 

                       A_POVC( M30, PC8)        0.000000            0.000000 

                       A_POVC( M30, PC9)        0.000000            0.000000 

                      A_POVC( M30, PC10)        0.000000            0.000000 

                      A_POVC( M30, PC11)        0.000000            0.000000 

                      A_POVC( M30, PC12)        0.000000            0.000000 

                      A_POVC( M30, PC13)        0.000000            0.000000 

                      A_POVC( M30, PC14)        0.000000            0.000000 

                      A_POVC( M30, PC15)        0.000000            0.000000 

                      A_POVC( M30, PC16)        0.000000            0.000000 

                      A_POVC( M30, PC17)        0.000000            0.000000 

                      A_POVC( M30, PC18)        0.000000            0.000000 

                      A_POVC( M30, PC19)       0.1400000E-01        0.000000 

                      A_POVC( M30, PC20)       0.1400000E-01        0.000000 

 

A.2.6.3 Scenario 2 (Lingo Codes) 

SETS: 

M /M1 ..M30 /: Ytot, Yu, Yl, Cm; 

PC/PC1..PC20/: Xtot, Xu, Xl, CC, OC; 

LINK (M,PC) : A_POVC; 

ENDSETS 
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!CONSTRAINT; 

@FOR(M(I): @SUM(PC(J) : A_POVC(I,J) * (Xtot(J))) = Ytot(I)); 

@FOR(M(I): @FREE(Ytot(I))); 

 

@FOR(M(I): Ytot(I) <= Yu(I); 

  Ytot(I) >= Yl(I)); 

 

@FOR(PC(J): Xtot(J) <= Xu(J); 

  Xtot(J) >= Xl(J)); 

 

@SUM(PC(J): CC(J)) * 0.09634228 = TAC; 

@SUM(PC(J): OC(J)) = OPEX; 

 

!SUPERSTRUCTURE; 

!COALITION INDEX, CI; 

Bm7pc1pc9  * (1 - Wm7pc1pc9 ) <= Wm7pc1pc9; !Bm,pc,pc*(1-Wm,pc,pc)<=Wm,pc,pc; 

Bm7pc1pc10 * (1 - Wm7pc1pc10) <= Wm7pc1pc10; 

Bm7pc1pc11 * (1 - Wm7pc1pc11) <= Wm7pc1pc11; 

Bm7pc1pc12 * (1 - Wm7pc1pc12) <= Wm7pc1pc12; 

Bm7pc1pc13 * (1 - Wm7pc1pc13) <= Wm7pc1pc13; 

Bm7pc1pc14 * (1 - Wm7pc1pc14) <= Wm7pc1pc14; 

Bm7pc1pc15 * (1 - Wm7pc1pc15) <= Wm7pc1pc15; 

 

Bm7pc2pc9  * (1 - Wm7pc2pc9 ) <= Wm7pc2pc9; 

Bm7pc2pc10 * (1 - Wm7pc2pc10) <= Wm7pc2pc10; 

Bm7pc2pc11 * (1 - Wm7pc2pc11) <= Wm7pc2pc11; 

Bm7pc2pc12 * (1 - Wm7pc2pc12) <= Wm7pc2pc12; 

Bm7pc2pc13 * (1 - Wm7pc2pc13) <= Wm7pc2pc13; 

Bm7pc2pc14 * (1 - Wm7pc2pc14) <= Wm7pc2pc14; 

Bm7pc2pc15 * (1 - Wm7pc2pc15) <= Wm7pc2pc15; 

 

Bm7pc3pc9  * (1 - Wm7pc3pc9 ) <= Wm7pc3pc9; 

Bm7pc3pc10 * (1 - Wm7pc3pc10) <= Wm7pc3pc10; 

Bm7pc3pc11 * (1 - Wm7pc3pc11) <= Wm7pc3pc11; 

Bm7pc3pc12 * (1 - Wm7pc3pc12) <= Wm7pc3pc12; 

Bm7pc3pc13 * (1 - Wm7pc3pc13) <= Wm7pc3pc13; 

Bm7pc3pc14 * (1 - Wm7pc3pc14) <= Wm7pc3pc14; 

Bm7pc3pc15 * (1 - Wm7pc3pc15) <= Wm7pc3pc15; 

 

Bm7pc4pc9  * (1 - Wm7pc4pc9 ) <= Wm7pc4pc9; 

Bm7pc4pc10 * (1 - Wm7pc4pc10) <= Wm7pc4pc10; 

Bm7pc4pc11 * (1 - Wm7pc4pc11) <= Wm7pc4pc11; 

Bm7pc4pc12 * (1 - Wm7pc4pc12) <= Wm7pc4pc12; 

Bm7pc4pc13 * (1 - Wm7pc4pc13) <= Wm7pc4pc13; 

Bm7pc4pc14 * (1 - Wm7pc4pc14) <= Wm7pc4pc14; 

Bm7pc4pc15 * (1 - Wm7pc4pc15) <= Wm7pc4pc15; 

 

Bm7pc5pc9  * (1 - Wm7pc5pc9 ) <= Wm7pc5pc9; 

Bm7pc5pc10 * (1 - Wm7pc5pc10) <= Wm7pc5pc10; 

Bm7pc5pc11 * (1 - Wm7pc5pc11) <= Wm7pc5pc11; 

Bm7pc5pc12 * (1 - Wm7pc5pc12) <= Wm7pc5pc12; 

Bm7pc5pc13 * (1 - Wm7pc5pc13) <= Wm7pc5pc13; 

Bm7pc5pc14 * (1 - Wm7pc5pc14) <= Wm7pc5pc14; 

Bm7pc5pc15 * (1 - Wm7pc5pc15) <= Wm7pc5pc15; 

 

Bm7pc6pc9  * (1 - Wm7pc6pc9 ) <= Wm7pc6pc9; 

Bm7pc6pc10 * (1 - Wm7pc6pc10) <= Wm7pc6pc10; 

Bm7pc6pc11 * (1 - Wm7pc6pc11) <= Wm7pc6pc11; 

Bm7pc6pc12 * (1 - Wm7pc6pc12) <= Wm7pc6pc12; 

Bm7pc6pc13 * (1 - Wm7pc6pc13) <= Wm7pc6pc13; 

Bm7pc6pc14 * (1 - Wm7pc6pc14) <= Wm7pc6pc14; 

Bm7pc6pc15 * (1 - Wm7pc6pc15) <= Wm7pc6pc15; 

 

Bm7pc7pc9  * (1 - Wm7pc7pc9 ) <= Wm7pc7pc9; 

Bm7pc7pc10 * (1 - Wm7pc7pc10) <= Wm7pc7pc10; 

Bm7pc7pc11 * (1 - Wm7pc7pc11) <= Wm7pc7pc11; 

Bm7pc7pc12 * (1 - Wm7pc7pc12) <= Wm7pc7pc12; 

Bm7pc7pc13 * (1 - Wm7pc7pc13) <= Wm7pc7pc13; 
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Bm7pc7pc14 * (1 - Wm7pc7pc14) <= Wm7pc7pc14; 

Bm7pc7pc15 * (1 - Wm7pc7pc15) <= Wm7pc7pc15; 

 

Bm7pc8pc9  * (1 - Wm7pc8pc9 ) <= Wm7pc8pc9; 

Bm7pc8pc10 * (1 - Wm7pc8pc10) <= Wm7pc8pc10; 

Bm7pc8pc11 * (1 - Wm7pc8pc11) <= Wm7pc8pc11; 

Bm7pc8pc12 * (1 - Wm7pc8pc12) <= Wm7pc8pc12; 

Bm7pc8pc13 * (1 - Wm7pc8pc13) <= Wm7pc8pc13; 

Bm7pc8pc14 * (1 - Wm7pc8pc14) <= Wm7pc8pc14; 

Bm7pc8pc15 * (1 - Wm7pc8pc15) <= Wm7pc8pc15; 

 

Bm7pc1pc9  * Wm7pc1pc9  = Wm7pc1pc9;  !Bm,pc,pc*Wm,pc,pc=Wm,pc,pc; 

Bm7pc1pc10 * Wm7pc1pc10 = Wm7pc1pc10; 

Bm7pc1pc11 * Wm7pc1pc11 = Wm7pc1pc11; 

Bm7pc1pc12 * Wm7pc1pc12 = Wm7pc1pc12; 

Bm7pc1pc13 * Wm7pc1pc13 = Wm7pc1pc13; 

Bm7pc1pc14 * Wm7pc1pc14 = Wm7pc1pc14; 

Bm7pc1pc15 * Wm7pc1pc15 = Wm7pc1pc15; 

 

Bm7pc2pc9  * Wm7pc2pc9  = Wm7pc2pc9; 

Bm7pc2pc10 * Wm7pc2pc10 = Wm7pc2pc10; 

Bm7pc2pc11 * Wm7pc2pc11 = Wm7pc2pc11; 

Bm7pc2pc12 * Wm7pc2pc12 = Wm7pc2pc12; 

Bm7pc2pc13 * Wm7pc2pc13 = Wm7pc2pc13; 

Bm7pc2pc14 * Wm7pc2pc14 = Wm7pc2pc14; 

Bm7pc2pc15 * Wm7pc2pc15 = Wm7pc2pc15; 

 

Bm7pc3pc9  * Wm7pc3pc9  = Wm7pc3pc9;  

Bm7pc3pc10 * Wm7pc3pc10 = Wm7pc3pc10; 

Bm7pc3pc11 * Wm7pc3pc11 = Wm7pc3pc11; 

Bm7pc3pc12 * Wm7pc3pc12 = Wm7pc3pc12; 

Bm7pc3pc13 * Wm7pc3pc13 = Wm7pc3pc13; 

Bm7pc3pc14 * Wm7pc3pc14 = Wm7pc3pc14; 

Bm7pc3pc15 * Wm7pc3pc15 = Wm7pc3pc15; 

 

Bm7pc4pc9  * Wm7pc4pc9  = Wm7pc4pc9;  

Bm7pc4pc10 * Wm7pc4pc10 = Wm7pc4pc10; 

Bm7pc4pc11 * Wm7pc4pc11 = Wm7pc4pc11; 

Bm7pc4pc12 * Wm7pc4pc12 = Wm7pc4pc12; 

Bm7pc4pc13 * Wm7pc4pc13 = Wm7pc4pc13; 

Bm7pc4pc14 * Wm7pc4pc14 = Wm7pc4pc14; 

Bm7pc4pc15 * Wm7pc4pc15 = Wm7pc4pc15; 

 

Bm7pc5pc9  * Wm7pc5pc9  = Wm7pc5pc9;  

Bm7pc5pc10 * Wm7pc5pc10 = Wm7pc5pc10; 

Bm7pc5pc11 * Wm7pc5pc11 = Wm7pc5pc11; 

Bm7pc5pc12 * Wm7pc5pc12 = Wm7pc5pc12; 

Bm7pc5pc13 * Wm7pc5pc13 = Wm7pc5pc13; 

Bm7pc5pc14 * Wm7pc5pc14 = Wm7pc5pc14; 

Bm7pc5pc15 * Wm7pc5pc15 = Wm7pc5pc15; 

 

Bm7pc6pc9  * Wm7pc6pc9  = Wm7pc6pc9;  

Bm7pc6pc10 * Wm7pc6pc10 = Wm7pc6pc10; 

Bm7pc6pc11 * Wm7pc6pc11 = Wm7pc6pc11; 

Bm7pc6pc12 * Wm7pc6pc12 = Wm7pc6pc12; 

Bm7pc6pc13 * Wm7pc6pc13 = Wm7pc6pc13; 

Bm7pc6pc14 * Wm7pc6pc14 = Wm7pc6pc14; 

Bm7pc6pc15 * Wm7pc6pc15 = Wm7pc6pc15; 

 

Bm7pc7pc9  * Wm7pc7pc9  = Wm7pc7pc9;  

Bm7pc7pc10 * Wm7pc7pc10 = Wm7pc7pc10; 

Bm7pc7pc11 * Wm7pc7pc11 = Wm7pc7pc11; 

Bm7pc7pc12 * Wm7pc7pc12 = Wm7pc7pc12; 

Bm7pc7pc13 * Wm7pc7pc13 = Wm7pc7pc13; 

Bm7pc7pc14 * Wm7pc7pc14 = Wm7pc7pc14; 

Bm7pc7pc15 * Wm7pc7pc15 = Wm7pc7pc15; 

 

Bm7pc8pc9  * Wm7pc8pc9  = Wm7pc8pc9;  
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Bm7pc8pc10 * Wm7pc8pc10 = Wm7pc8pc10; 

Bm7pc8pc11 * Wm7pc8pc11 = Wm7pc8pc11; 

Bm7pc8pc12 * Wm7pc8pc12 = Wm7pc8pc12; 

Bm7pc8pc13 * Wm7pc8pc13 = Wm7pc8pc13; 

Bm7pc8pc14 * Wm7pc8pc14 = Wm7pc8pc14; 

Bm7pc8pc15 * Wm7pc8pc15 = Wm7pc8pc15; 

 

Wm7pc1pc9  >= Wmin_m7 * Bm7pc1pc9 ; !Wm,pc,pc>=Wmin*Bm,pc,pc; 

Wm7pc1pc10 >= Wmin_m7 * Bm7pc1pc10; 

Wm7pc1pc11 >= Wmin_m7 * Bm7pc1pc11; 

Wm7pc1pc12 >= Wmin_m7 * Bm7pc1pc12; 

Wm7pc1pc13 >= Wmin_m7 * Bm7pc1pc13; 

Wm7pc1pc14 >= Wmin_m7 * Bm7pc1pc14; 

Wm7pc1pc15 >= Wmin_m7 * Bm7pc1pc15; 

 

Wm7pc2pc9  >= Wmin_m7 * Bm7pc2pc9 ; 

Wm7pc2pc10 >= Wmin_m7 * Bm7pc2pc10; 

Wm7pc2pc11 >= Wmin_m7 * Bm7pc2pc11; 

Wm7pc2pc12 >= Wmin_m7 * Bm7pc2pc12; 

Wm7pc2pc13 >= Wmin_m7 * Bm7pc2pc13; 

Wm7pc2pc14 >= Wmin_m7 * Bm7pc2pc14; 

Wm7pc2pc15 >= Wmin_m7 * Bm7pc2pc15; 

 

Wm7pc3pc9  >= Wmin_m7 * Bm7pc3pc9 ; 

Wm7pc3pc10 >= Wmin_m7 * Bm7pc3pc10; 

Wm7pc3pc11 >= Wmin_m7 * Bm7pc3pc11; 

Wm7pc3pc12 >= Wmin_m7 * Bm7pc3pc12; 

Wm7pc3pc13 >= Wmin_m7 * Bm7pc3pc13; 

Wm7pc3pc14 >= Wmin_m7 * Bm7pc3pc14; 

Wm7pc3pc15 >= Wmin_m7 * Bm7pc3pc15; 

 

Wm7pc4pc9  >= Wmin_m7 * Bm7pc4pc9 ; 

Wm7pc4pc10 >= Wmin_m7 * Bm7pc4pc10; 

Wm7pc4pc11 >= Wmin_m7 * Bm7pc4pc11; 

Wm7pc4pc12 >= Wmin_m7 * Bm7pc4pc12; 

Wm7pc4pc13 >= Wmin_m7 * Bm7pc4pc13; 

Wm7pc4pc14 >= Wmin_m7 * Bm7pc4pc14; 

Wm7pc4pc15 >= Wmin_m7 * Bm7pc4pc15; 

 

Wm7pc5pc9  >= Wmin_m7 * Bm7pc5pc9 ; 

Wm7pc5pc10 >= Wmin_m7 * Bm7pc5pc10; 

Wm7pc5pc11 >= Wmin_m7 * Bm7pc5pc11; 

Wm7pc5pc12 >= Wmin_m7 * Bm7pc5pc12; 

Wm7pc5pc13 >= Wmin_m7 * Bm7pc5pc13; 

Wm7pc5pc14 >= Wmin_m7 * Bm7pc5pc14; 

Wm7pc5pc15 >= Wmin_m7 * Bm7pc5pc15; 

 

Wm7pc6pc9  >= Wmin_m7 * Bm7pc6pc9 ; 

Wm7pc6pc10 >= Wmin_m7 * Bm7pc6pc10; 

Wm7pc6pc11 >= Wmin_m7 * Bm7pc6pc11; 

Wm7pc6pc12 >= Wmin_m7 * Bm7pc6pc12; 

Wm7pc6pc13 >= Wmin_m7 * Bm7pc6pc13; 

Wm7pc6pc14 >= Wmin_m7 * Bm7pc6pc14; 

Wm7pc6pc15 >= Wmin_m7 * Bm7pc6pc15; 

 

Wm7pc7pc9  >= Wmin_m7 * Bm7pc7pc9 ; 

Wm7pc7pc10 >= Wmin_m7 * Bm7pc7pc10; 

Wm7pc7pc11 >= Wmin_m7 * Bm7pc7pc11; 

Wm7pc7pc12 >= Wmin_m7 * Bm7pc7pc12; 

Wm7pc7pc13 >= Wmin_m7 * Bm7pc7pc13; 

Wm7pc7pc14 >= Wmin_m7 * Bm7pc7pc14; 

Wm7pc7pc15 >= Wmin_m7 * Bm7pc7pc15; 

 

Wm7pc8pc9  >= Wmin_m7 * Bm7pc8pc9 ; 

Wm7pc8pc10 >= Wmin_m7 * Bm7pc8pc10; 

Wm7pc8pc11 >= Wmin_m7 * Bm7pc8pc11; 

Wm7pc8pc12 >= Wmin_m7 * Bm7pc8pc12; 

Wm7pc8pc13 >= Wmin_m7 * Bm7pc8pc13; 
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Wm7pc8pc14 >= Wmin_m7 * Bm7pc8pc14; 

Wm7pc8pc15 >= Wmin_m7 * Bm7pc8pc15; 

 

@BIN(Bm7pc1pc9); @BIN(Bm7pc1pc10); @BIN(Bm7pc1pc11); @BIN(Bm7pc1pc12); 

@BIN(Bm7pc1pc13); @BIN(Bm7pc1pc14); @BIN(Bm7pc1pc15); 

@BIN(Bm7pc2pc9); @BIN(Bm7pc2pc10); @BIN(Bm7pc2pc11); @BIN(Bm7pc2pc12); 

@BIN(Bm7pc2pc13); @BIN(Bm7pc2pc14); @BIN(Bm7pc2pc15); 

@BIN(Bm7pc3pc9); @BIN(Bm7pc3pc10); @BIN(Bm7pc3pc11); @BIN(Bm7pc3pc12); 

@BIN(Bm7pc3pc13); @BIN(Bm7pc3pc14); @BIN(Bm7pc3pc15); 

@BIN(Bm7pc4pc9); @BIN(Bm7pc4pc10); @BIN(Bm7pc4pc11); @BIN(Bm7pc4pc12); 

@BIN(Bm7pc4pc13); @BIN(Bm7pc4pc14); @BIN(Bm7pc4pc15); 

@BIN(Bm7pc5pc9); @BIN(Bm7pc5pc10); @BIN(Bm7pc5pc11); @BIN(Bm7pc5pc12); 

@BIN(Bm7pc5pc13); @BIN(Bm7pc5pc14); @BIN(Bm7pc5pc15); 

@BIN(Bm7pc6pc9); @BIN(Bm7pc6pc10); @BIN(Bm7pc6pc11); @BIN(Bm7pc6pc12); 

@BIN(Bm7pc6pc13); @BIN(Bm7pc6pc14); @BIN(Bm7pc6pc15); 

@BIN(Bm7pc7pc9); @BIN(Bm7pc7pc10); @BIN(Bm7pc7pc11); @BIN(Bm7pc7pc12); 

@BIN(Bm7pc7pc13); @BIN(Bm7pc7pc14); @BIN(Bm7pc7pc15); 

@BIN(Bm7pc8pc9); @BIN(Bm7pc8pc10); @BIN(Bm7pc8pc11); @BIN(Bm7pc8pc12); 

@BIN(Bm7pc8pc13); @BIN(Bm7pc8pc14); @BIN(Bm7pc8pc15); 

 

CIpc1 = (Bm7pc1pc9 + Bm7pc1pc10 + Bm7pc1pc11 + Bm7pc1pc12 + Bm7pc1pc13 + Bm7pc1pc14 

+ Bm7pc1pc15); 

CIpc2 = (Bm7pc2pc9 + Bm7pc2pc10 + Bm7pc2pc11 + Bm7pc2pc12 + Bm7pc2pc13 + Bm7pc2pc14 

+ Bm7pc2pc15); 

CIpc3 = (Bm7pc3pc9 + Bm7pc3pc10 + Bm7pc3pc11 + Bm7pc3pc12 + Bm7pc3pc13 + Bm7pc3pc14 

+ Bm7pc3pc15); 

CIpc4 = (Bm7pc4pc9 + Bm7pc4pc10 + Bm7pc4pc11 + Bm7pc4pc12 + Bm7pc4pc13 + Bm7pc4pc14 

+ Bm7pc4pc15); 

CIpc5 = (Bm7pc5pc9 + Bm7pc5pc10 + Bm7pc5pc11 + Bm7pc5pc12 + Bm7pc5pc13 + Bm7pc5pc14 

+ Bm7pc5pc15); 

CIpc6 = (Bm7pc6pc9 + Bm7pc6pc10 + Bm7pc6pc11 + Bm7pc6pc12 + Bm7pc6pc13 + Bm7pc6pc14 

+ Bm7pc6pc15); 

CIpc7 = (Bm7pc7pc9 + Bm7pc7pc10 + Bm7pc7pc11 + Bm7pc7pc12 + Bm7pc7pc13 + Bm7pc7pc14 

+ Bm7pc7pc15); 

CIpc8 = (Bm7pc8pc9 + Bm7pc8pc10 + Bm7pc8pc11 + Bm7pc8pc12 + Bm7pc8pc13 + Bm7pc8pc14 

+ Bm7pc8pc15); 

 

CItot = (CIpc1 + CIpc2 + CIpc3 + CIpc4 + CIpc5 + CIpc6 + CIpc7 + CIpc8); 

 

!M2(NPK); 

@FOR(M(I)|I#EQ#2: -Ytot = Wm2p1);   !|ym| = Wm,p; 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_21 = Wm2pc1); !|xf*am,pc| = Wm,pc; 

@FOR(PC(J)|J#EQ#2: Xtot * -a_22 = Wm2pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_23 = Wm2pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_24 = Wm2pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_25 = Wm2pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_26 = Wm2pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_27 = Wm2pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_28 = Wm2pc8); 

 

Wm2p1 = Wm2p1pc1 + Wm2p1pc2 + Wm2p1pc3 + Wm2p1pc4 + Wm2p1pc5 + Wm2p1pc6 + Wm2p1pc7 

+ Wm2p1pc8; !Wm,p = SUM(Wm,p,pc)+SUM(Wm,pc,p); 

 

Wm2pc1 = Wm2p1pc1; !Wm,pc = SUM(Wm,p,pc)+SUM(Wm,pc,pc)+SUM(Wm,pc,p); 

Wm2pc2 = Wm2p1pc2; 

Wm2pc3 = Wm2p1pc3; 

Wm2pc4 = Wm2p1pc4; 

Wm2pc5 = Wm2p1pc5; 

Wm2pc6 = Wm2p1pc6; 

Wm2pc7 = Wm2p1pc7; 

Wm2pc8 = Wm2p1pc8; 

 

TRCm2p1pc1 = Wm2p1pc1 * (0.1 * d_1p + 0.5); !TRCm,p,pc = Wm,p,pc * (0.1 * dp,pc 

+ 0.5); 

TRCm2p1pc2 = Wm2p1pc2 * (0.1 * d_2p + 0.5); 

TRCm2p1pc3 = Wm2p1pc3 * (0.1 * d_3p + 0.5); 

TRCm2p1pc4 = Wm2p1pc4 * (0.1 * d_4p + 0.5); 
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TRCm2p1pc5 = Wm2p1pc5 * (0.1 * d_5p + 0.5); 

TRCm2p1pc6 = Wm2p1pc6 * (0.1 * d_6p + 0.5); 

TRCm2p1pc7 = Wm2p1pc7 * (0.1 * d_7p + 0.5); 

TRCm2p1pc8 = Wm2p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm2p1pc1 = Wm2p1pc1 * f_CO2 * d_1p; !GHGm,p,pc = Wm,p,pc * f_CO2 * dp,pc; 

GHGm2p1pc2 = Wm2p1pc2 * f_CO2 * d_2p; 

GHGm2p1pc3 = Wm2p1pc3 * f_CO2 * d_3p; 

GHGm2p1pc4 = Wm2p1pc4 * f_CO2 * d_4p; 

GHGm2p1pc5 = Wm2p1pc5 * f_CO2 * d_5p; 

GHGm2p1pc6 = Wm2p1pc6 * f_CO2 * d_6p; 

GHGm2p1pc7 = Wm2p1pc7 * f_CO2 * d_7p; 

GHGm2p1pc8 = Wm2p1pc8 * f_CO2 * d_8p; 

 

!M3(UREA); 

@FOR(M(I)|I#EQ#3: -Ytot = Wm3p1);  

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_31 = Wm3pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * -a_32 = Wm3pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_33 = Wm3pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_34 = Wm3pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_35 = Wm3pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_36 = Wm3pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_37 = Wm3pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_38 = Wm3pc8); 

 

Wm3p1 = Wm3p1pc1 + Wm3p1pc2 + Wm3p1pc3 + Wm3p1pc4 + Wm3p1pc5 + Wm3p1pc6 + Wm3p1pc7 

+ Wm3p1pc8; 

 

Wm3pc1 = Wm3p1pc1; 

Wm3pc2 = Wm3p1pc2; 

Wm3pc3 = Wm3p1pc3; 

Wm3pc4 = Wm3p1pc4; 

Wm3pc5 = Wm3p1pc5; 

Wm3pc6 = Wm3p1pc6; 

Wm3pc7 = Wm3p1pc7; 

Wm3pc8 = Wm3p1pc8; 

 

TRCm3p1pc1 = Wm3p1pc1 * (0.1 * d_1p + 0.5); 

TRCm3p1pc2 = Wm3p1pc2 * (0.1 * d_2p + 0.5); 

TRCm3p1pc3 = Wm3p1pc3 * (0.1 * d_3p + 0.5); 

TRCm3p1pc4 = Wm3p1pc4 * (0.1 * d_4p + 0.5); 

TRCm3p1pc5 = Wm3p1pc5 * (0.1 * d_5p + 0.5); 

TRCm3p1pc6 = Wm3p1pc6 * (0.1 * d_6p + 0.5); 

TRCm3p1pc7 = Wm3p1pc7 * (0.1 * d_7p + 0.5); 

TRCm3p1pc8 = Wm3p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm3p1pc1 = Wm3p1pc1 * f_CO2 * d_1p;  

GHGm3p1pc2 = Wm3p1pc2 * f_CO2 * d_2p;  

GHGm3p1pc3 = Wm3p1pc3 * f_CO2 * d_3p;  

GHGm3p1pc4 = Wm3p1pc4 * f_CO2 * d_4p; 

GHGm3p1pc5 = Wm3p1pc5 * f_CO2 * d_5p; 

GHGm3p1pc6 = Wm3p1pc6 * f_CO2 * d_6p; 

GHGm3p1pc7 = Wm3p1pc7 * f_CO2 * d_7p; 

GHGm3p1pc8 = Wm3p1pc8 * f_CO2 * d_8p; 

 

!M4(DAP); 

@FOR(M(I)|I#EQ#4: -Ytot = Wm4p1); 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_41 = Wm4pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * -a_42 = Wm4pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_43 = Wm4pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_44 = Wm4pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_45 = Wm4pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_46 = Wm4pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_47 = Wm4pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_48 = Wm4pc8); 
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Wm4p1 = Wm4p1pc1 + Wm4p1pc2 + Wm4p1pc3 + Wm4p1pc4 + Wm4p1pc5 + Wm4p1pc6 + Wm4p1pc7 

+ Wm4p1pc8; 

Wm4pc1 = Wm4p1pc1; 

Wm4pc2 = Wm4p1pc2; 

Wm4pc3 = Wm4p1pc3; 

Wm4pc4 = Wm4p1pc4; 

Wm4pc5 = Wm4p1pc5; 

Wm4pc6 = Wm4p1pc6; 

Wm4pc7 = Wm4p1pc7; 

Wm4pc8 = Wm4p1pc8; 

 

TRCm4p1pc1 = Wm4p1pc1 * (0.1 * d_1p + 0.5); 

TRCm4p1pc2 = Wm4p1pc2 * (0.1 * d_2p + 0.5); 

TRCm4p1pc3 = Wm4p1pc3 * (0.1 * d_3p + 0.5); 

TRCm4p1pc4 = Wm4p1pc4 * (0.1 * d_4p + 0.5); 

TRCm4p1pc5 = Wm4p1pc5 * (0.1 * d_5p + 0.5); 

TRCm4p1pc6 = Wm4p1pc6 * (0.1 * d_6p + 0.5); 

TRCm4p1pc7 = Wm4p1pc7 * (0.1 * d_7p + 0.5); 

TRCm4p1pc8 = Wm4p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm4p1pc1 = Wm4p1pc1 * f_CO2 * d_1p;  

GHGm4p1pc2 = Wm4p1pc2 * f_CO2 * d_2p;  

GHGm4p1pc3 = Wm4p1pc3 * f_CO2 * d_3p;  

GHGm4p1pc4 = Wm4p1pc4 * f_CO2 * d_4p; 

GHGm4p1pc5 = Wm4p1pc5 * f_CO2 * d_5p; 

GHGm4p1pc6 = Wm4p1pc6 * f_CO2 * d_6p; 

GHGm4p1pc7 = Wm4p1pc7 * f_CO2 * d_7p; 

GHGm4p1pc8 = Wm4p1pc8 * f_CO2 * d_8p; 

 

!M5(MOP); 

@FOR(M(I)|I#EQ#5: -Ytot = Wm5p1); 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_51 = Wm5pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * -a_52 = Wm5pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_53 = Wm5pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_54 = Wm5pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_55 = Wm5pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_56 = Wm5pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_57 = Wm5pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_58 = Wm5pc8); 

 

Wm5p1 = Wm5p1pc1 + Wm5p1pc2 + Wm5p1pc3 + Wm5p1pc4 + Wm5p1pc5 + Wm5p1pc6 + Wm5p1pc7 

+ Wm5p1pc8; 

 

Wm5pc1 = Wm5p1pc1; 

Wm5pc2 = Wm5p1pc2; 

Wm5pc3 = Wm5p1pc3; 

Wm5pc4 = Wm5p1pc4; 

Wm5pc5 = Wm5p1pc5; 

Wm5pc6 = Wm5p1pc6; 

Wm5pc7 = Wm5p1pc7; 

Wm5pc8 = Wm5p1pc8; 

 

TRCm5p1pc1 = Wm5p1pc1 * (0.1 * d_1p + 0.5); 

TRCm5p1pc2 = Wm5p1pc2 * (0.1 * d_2p + 0.5); 

TRCm5p1pc3 = Wm5p1pc3 * (0.1 * d_3p + 0.5); 

TRCm5p1pc4 = Wm5p1pc4 * (0.1 * d_4p + 0.5); 

TRCm5p1pc5 = Wm5p1pc5 * (0.1 * d_5p + 0.5); 

TRCm5p1pc6 = Wm5p1pc6 * (0.1 * d_6p + 0.5); 

TRCm5p1pc7 = Wm5p1pc7 * (0.1 * d_7p + 0.5); 

TRCm5p1pc8 = Wm5p1pc8 * (0.1 * d_8p + 0.5); 

 

GHGm5p1pc1 = Wm5p1pc1 * f_CO2 * d_1p;  

GHGm5p1pc2 = Wm5p1pc2 * f_CO2 * d_2p;  

GHGm5p1pc3 = Wm5p1pc3 * f_CO2 * d_3p;  

GHGm5p1pc4 = Wm5p1pc4 * f_CO2 * d_4p; 

GHGm5p1pc5 = Wm5p1pc5 * f_CO2 * d_5p; 

GHGm5p1pc6 = Wm5p1pc6 * f_CO2 * d_6p; 
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GHGm5p1pc7 = Wm5p1pc7 * f_CO2 * d_7p; 

GHGm5p1pc8 = Wm5p1pc8 * f_CO2 * d_8p; 

 

!M6(BIOFERTILISER); 

@FOR(M(I)|I#EQ#6: -Ytot = Wm6p1); 

 

@FOR(PC(J)|J#EQ#1: Xtot * -a_61 = Wm6pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * -a_62 = Wm6pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * -a_63 = Wm6pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * -a_64 = Wm6pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * -a_65 = Wm6pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * -a_66 = Wm6pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * -a_67 = Wm6pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * -a_68 = Wm6pc8); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_69  = Wm6pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_610 = Wm6pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_611 = Wm6pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_612 = Wm6pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_613 = Wm6pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_614 = Wm6pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_615 = Wm6pc15); 

 

Wm6p1 = Wm6p1pc1 + Wm6p1pc2 + Wm6p1pc3 + Wm6p1pc4 + Wm6p1pc5 + Wm6p1pc6 + Wm6p1pc7 

+ Wm6p1pc8; 

 

Wm6pc1 = Wm6p1pc1 + Wm6pc9pc1 + Wm6pc10pc1 + Wm6pc11pc1 + Wm6pc12pc1 + Wm6pc13pc1 + 

Wm6pc14pc1 + Wm6pc15pc1; 

Wm6pc2 = Wm6p1pc2 + Wm6pc9pc2 + Wm6pc10pc2 + Wm6pc11pc2 + Wm6pc12pc2 + Wm6pc13pc2 + 

Wm6pc14pc2 + Wm6pc15pc1; 

Wm6pc3 = Wm6p1pc3 + Wm6pc9pc3 + Wm6pc10pc3 + Wm6pc11pc3 + Wm6pc12pc3 + Wm6pc13pc3 + 

Wm6pc14pc3 + Wm6pc15pc1; 

Wm6pc4 = Wm6p1pc4 + Wm6pc9pc4 + Wm6pc10pc4 + Wm6pc11pc4 + Wm6pc12pc4 + Wm6pc13pc4 + 

Wm6pc14pc4 + Wm6pc15pc1; 

Wm6pc5 = Wm6p1pc5 + Wm6pc9pc5 + Wm6pc10pc5 + Wm6pc11pc5 + Wm6pc12pc5 + Wm6pc13pc5 + 

Wm6pc14pc5 + Wm6pc15pc1; 

Wm6pc6 = Wm6p1pc6 + Wm6pc9pc6 + Wm6pc10pc6 + Wm6pc11pc6 + Wm6pc12pc6 + Wm6pc13pc6 + 

Wm6pc14pc6 + Wm6pc15pc1; 

Wm6pc7 = Wm6p1pc7 + Wm6pc9pc7 + Wm6pc10pc7 + Wm6pc11pc7 + Wm6pc12pc7 + Wm6pc13pc7 + 

Wm6pc14pc7 + Wm6pc15pc1; 

Wm6pc8 = Wm6p1pc8 + Wm6pc9pc8 + Wm6pc10pc8 + Wm6pc11pc8 + Wm6pc12pc8 + Wm6pc13pc8 + 

Wm6pc14pc8 + Wm6pc15pc1; 

 

Wm6pc9  = Wm6pc9pc1  + Wm6pc9pc2  + Wm6pc9pc3  + Wm6pc9pc4  + Wm6pc9pc5  + 

Wm6pc9pc6  + Wm6pc9pc7  + Wm6pc9pc8  + Wm6pc9pc9;  

Wm6pc10 = Wm6pc10pc1 + Wm6pc10pc2 + Wm6pc10pc3 + Wm6pc10pc4 + Wm6pc10pc5 + 

Wm6pc10pc6 + Wm6pc10pc7 + Wm6pc10pc8 + Wm6pc10pc9;  

Wm6pc11 = Wm6pc11pc1 + Wm6pc11pc2 + Wm6pc11pc3 + Wm6pc11pc4 + Wm6pc11pc5 + 

Wm6pc11pc6 + Wm6pc11pc7 + Wm6pc11pc8 + Wm6pc11pc9;  

Wm6pc12 = Wm6pc12pc1 + Wm6pc12pc2 + Wm6pc12pc3 + Wm6pc12pc4 + Wm6pc12pc5 + 

Wm6pc12pc6 + Wm6pc12pc7 + Wm6pc12pc8 + Wm6pc12pc9;  

Wm6pc13 = Wm6pc13pc1 + Wm6pc13pc2 + Wm6pc13pc3 + Wm6pc13pc4 + Wm6pc13pc5 + 

Wm6pc13pc6 + Wm6pc13pc7 + Wm6pc13pc8 + Wm6pc13pc9;  

Wm6pc14 = Wm6pc14pc1 + Wm6pc14pc2 + Wm6pc14pc3 + Wm6pc14pc4 + Wm6pc14pc5 + 

Wm6pc14pc6 + Wm6pc14pc7 + Wm6pc14pc8 + Wm6pc14pc9;  

Wm6pc15 = Wm6pc15pc1 + Wm6pc15pc2 + Wm6pc15pc3 + Wm6pc15pc4 + Wm6pc15pc5 + 

Wm6pc15pc6 + Wm6pc15pc7 + Wm6pc15pc8 + Wm6pc15pc9;  

 

TRCm6p1pc1 = Wm6p1pc1 * (0.1 * d_1p + 0.5); 

TRCm6p1pc2 = Wm6p1pc2 * (0.1 * d_2p + 0.5); 

TRCm6p1pc3 = Wm6p1pc3 * (0.1 * d_3p + 0.5); 

TRCm6p1pc4 = Wm6p1pc4 * (0.1 * d_4p + 0.5); 

TRCm6p1pc5 = Wm6p1pc5 * (0.1 * d_5p + 0.5); 

TRCm6p1pc6 = Wm6p1pc6 * (0.1 * d_6p + 0.5); 

TRCm6p1pc7 = Wm6p1pc7 * (0.1 * d_7p + 0.5); 

TRCm6p1pc8 = Wm6p1pc8 * (0.1 * d_8p + 0.5); 

 

TRCM6pc9pc1  = Wm6pc9pc1  * (0.1 * d_11 + 0.5); 
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TRCM6pc10pc1 = Wm6pc10pc1 * (0.1 * d_12 + 0.5); 

TRCM6pc11pc1 = Wm6pc11pc1 * (0.1 * d_13 + 0.5); 

TRCM6pc12pc1 = Wm6pc12pc1 * (0.1 * d_14 + 0.5); 

TRCM6pc13pc1 = Wm6pc13pc1 * (0.1 * d_15 + 0.5); 

TRCM6pc14pc1 = Wm6pc14pc1 * (0.1 * d_16 + 0.5); 

TRCM6pc15pc1 = Wm6pc15pc1 * (0.1 * d_17 + 0.5); 

 

TRCM6pc9pc2  = Wm6pc9pc2  * (0.1 * d_21 + 0.5); 

TRCM6pc10pc2 = Wm6pc10pc2 * (0.1 * d_22 + 0.5); 

TRCM6pc11pc2 = Wm6pc11pc2 * (0.1 * d_23 + 0.5); 

TRCM6pc12pc2 = Wm6pc12pc2 * (0.1 * d_24 + 0.5); 

TRCM6pc13pc2 = Wm6pc13pc2 * (0.1 * d_25 + 0.5); 

TRCM6pc14pc2 = Wm6pc14pc2 * (0.1 * d_26 + 0.5); 

TRCM6pc15pc2 = Wm6pc15pc2 * (0.1 * d_27 + 0.5); 

 

TRCM6pc9pc3  = Wm6pc9pc3  * (0.1 * d_31 + 0.5); 

TRCM6pc10pc3 = Wm6pc10pc3 * (0.1 * d_32 + 0.5); 

TRCM6pc11pc3 = Wm6pc11pc3 * (0.1 * d_33 + 0.5); 

TRCM6pc12pc3 = Wm6pc12pc3 * (0.1 * d_34 + 0.5); 

TRCM6pc13pc3 = Wm6pc13pc3 * (0.1 * d_35 + 0.5); 

TRCM6pc14pc3 = Wm6pc14pc3 * (0.1 * d_36 + 0.5); 

TRCM6pc15pc3 = Wm6pc15pc3 * (0.1 * d_37 + 0.5); 

 

TRCM6pc9pc4  = Wm6pc9pc4  * (0.1 * d_41 + 0.5); 

TRCM6pc10pc4 = Wm6pc10pc4 * (0.1 * d_42 + 0.5); 

TRCM6pc11pc4 = Wm6pc11pc4 * (0.1 * d_43 + 0.5); 

TRCM6pc12pc4 = Wm6pc12pc4 * (0.1 * d_44 + 0.5); 

TRCM6pc13pc4 = Wm6pc13pc4 * (0.1 * d_45 + 0.5); 

TRCM6pc14pc4 = Wm6pc14pc4 * (0.1 * d_46 + 0.5); 

TRCM6pc15pc4 = Wm6pc15pc4 * (0.1 * d_47 + 0.5); 

 

TRCM6pc9pc5  = Wm6pc9pc5  * (0.1 * d_51 + 0.5); 

TRCM6pc10pc5 = Wm6pc10pc5 * (0.1 * d_52 + 0.5); 

TRCM6pc11pc5 = Wm6pc11pc5 * (0.1 * d_53 + 0.5); 

TRCM6pc12pc5 = Wm6pc12pc5 * (0.1 * d_54 + 0.5); 

TRCM6pc13pc5 = Wm6pc13pc5 * (0.1 * d_55 + 0.5); 

TRCM6pc14pc5 = Wm6pc14pc5 * (0.1 * d_56 + 0.5); 

TRCM6pc15pc5 = Wm6pc15pc5 * (0.1 * d_57 + 0.5); 

 

TRCM6pc9pc6  = Wm6pc9pc6  * (0.1 * d_61 + 0.5); 

TRCM6pc10pc6 = Wm6pc10pc6 * (0.1 * d_62 + 0.5); 

TRCM6pc11pc6 = Wm6pc11pc6 * (0.1 * d_63 + 0.5); 

TRCM6pc12pc6 = Wm6pc12pc6 * (0.1 * d_64 + 0.5); 

TRCM6pc13pc6 = Wm6pc13pc6 * (0.1 * d_65 + 0.5); 

TRCM6pc14pc6 = Wm6pc14pc6 * (0.1 * d_66 + 0.5); 

TRCM6pc15pc6 = Wm6pc15pc6 * (0.1 * d_67 + 0.5); 

 

TRCM6pc9pc7  = Wm6pc9pc7  * (0.1 * d_71 + 0.5); 

TRCM6pc10pc7 = Wm6pc10pc7 * (0.1 * d_72 + 0.5); 

TRCM6pc11pc7 = Wm6pc11pc7 * (0.1 * d_73 + 0.5); 

TRCM6pc12pc7 = Wm6pc12pc7 * (0.1 * d_74 + 0.5); 

TRCM6pc13pc7 = Wm6pc13pc7 * (0.1 * d_75 + 0.5); 

TRCM6pc14pc7 = Wm6pc14pc7 * (0.1 * d_76 + 0.5); 

TRCM6pc15pc7 = Wm6pc15pc7 * (0.1 * d_77 + 0.5); 

 

TRCM6pc9pc8  = Wm6pc9pc8  * (0.1 * d_81 + 0.5); 

TRCM6pc10pc8 = Wm6pc10pc8 * (0.1 * d_82 + 0.5); 

TRCM6pc11pc8 = Wm6pc11pc8 * (0.1 * d_83 + 0.5); 

TRCM6pc12pc8 = Wm6pc12pc8 * (0.1 * d_84 + 0.5); 

TRCM6pc13pc8 = Wm6pc13pc8 * (0.1 * d_85 + 0.5); 

TRCM6pc14pc8 = Wm6pc14pc8 * (0.1 * d_86 + 0.5); 

TRCM6pc15pc8 = Wm6pc15pc8 * (0.1 * d_87 + 0.5); 

 

GHGm6p1pc1 = Wm6p1pc1 * f_CO2 * d_1p;  

GHGm6p1pc2 = Wm6p1pc2 * f_CO2 * d_2p;  

GHGm6p1pc3 = Wm6p1pc3 * f_CO2 * d_3p;  

GHGm6p1pc4 = Wm6p1pc4 * f_CO2 * d_4p; 

GHGm6p1pc5 = Wm6p1pc5 * f_CO2 * d_5p; 
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GHGm6p1pc6 = Wm6p1pc6 * f_CO2 * d_6p; 

GHGm6p1pc7 = Wm6p1pc7 * f_CO2 * d_7p; 

GHGm6p1pc8 = Wm6p1pc8 * f_CO2 * d_8p; 

 

GHGm6pc9pc1  = Wm6pc9pc1  * f_CO2 * d_11; 

GHGm6pc10pc1 = Wm6pc10pc1 * f_CO2 * d_12; 

GHGm6pc11pc1 = Wm6pc11pc1 * f_CO2 * d_13; 

GHGm6pc12pc1 = Wm6pc12pc1 * f_CO2 * d_14; 

GHGm6pc13pc1 = Wm6pc13pc1 * f_CO2 * d_15; 

GHGm6pc14pc1 = Wm6pc14pc1 * f_CO2 * d_16; 

GHGm6pc15pc1 = Wm6pc15pc1 * f_CO2 * d_17; 

 

GHGm6pc9pc2  = Wm6pc9pc2  * f_CO2 * d_21; 

GHGm6pc10pc2 = Wm6pc10pc2 * f_CO2 * d_22; 

GHGm6pc11pc2 = Wm6pc11pc2 * f_CO2 * d_23; 

GHGm6pc12pc2 = Wm6pc12pc2 * f_CO2 * d_24; 

GHGm6pc13pc2 = Wm6pc13pc2 * f_CO2 * d_25; 

GHGm6pc14pc2 = Wm6pc14pc2 * f_CO2 * d_26; 

GHGm6pc15pc2 = Wm6pc15pc2 * f_CO2 * d_27; 

 

GHGm6pc9pc3  = Wm6pc9pc3  * f_CO2 * d_31; 

GHGm6pc10pc3 = Wm6pc10pc3 * f_CO2 * d_32; 

GHGm6pc11pc3 = Wm6pc11pc3 * f_CO2 * d_33; 

GHGm6pc12pc3 = Wm6pc12pc3 * f_CO2 * d_34; 

GHGm6pc13pc3 = Wm6pc13pc3 * f_CO2 * d_35; 

GHGm6pc14pc3 = Wm6pc14pc3 * f_CO2 * d_36; 

GHGm6pc15pc3 = Wm6pc15pc3 * f_CO2 * d_37; 

 

GHGm6pc9pc4  = Wm6pc9pc4  * f_CO2 * d_41; 

GHGm6pc10pc4 = Wm6pc10pc4 * f_CO2 * d_42; 

GHGm6pc11pc4 = Wm6pc11pc4 * f_CO2 * d_43; 

GHGm6pc12pc4 = Wm6pc12pc4 * f_CO2 * d_44; 

GHGm6pc13pc4 = Wm6pc13pc4 * f_CO2 * d_45; 

GHGm6pc14pc4 = Wm6pc14pc4 * f_CO2 * d_46; 

GHGm6pc15pc4 = Wm6pc15pc4 * f_CO2 * d_47; 

 

GHGm6pc9pc5  = Wm6pc9pc5  * f_CO2 * d_51; 

GHGm6pc10pc5 = Wm6pc10pc5 * f_CO2 * d_52; 

GHGm6pc11pc5 = Wm6pc11pc5 * f_CO2 * d_53; 

GHGm6pc12pc5 = Wm6pc12pc5 * f_CO2 * d_54; 

GHGm6pc13pc5 = Wm6pc13pc5 * f_CO2 * d_55; 

GHGm6pc14pc5 = Wm6pc14pc5 * f_CO2 * d_56; 

GHGm6pc15pc5 = Wm6pc15pc5 * f_CO2 * d_57; 

 

GHGm6pc9pc6  = Wm6pc9pc6  * f_CO2 * d_61; 

GHGm6pc10pc6 = Wm6pc10pc6 * f_CO2 * d_62; 

GHGm6pc11pc6 = Wm6pc11pc6 * f_CO2 * d_63; 

GHGm6pc12pc6 = Wm6pc12pc6 * f_CO2 * d_64; 

GHGm6pc13pc6 = Wm6pc13pc6 * f_CO2 * d_65; 

GHGm6pc14pc6 = Wm6pc14pc6 * f_CO2 * d_66; 

GHGm6pc15pc6 = Wm6pc15pc6 * f_CO2 * d_67; 

 

GHGm6pc9pc7  = Wm6pc9pc7  * f_CO2 * d_71; 

GHGm6pc10pc7 = Wm6pc10pc7 * f_CO2 * d_72; 

GHGm6pc11pc7 = Wm6pc11pc7 * f_CO2 * d_73; 

GHGm6pc12pc7 = Wm6pc12pc7 * f_CO2 * d_74; 

GHGm6pc13pc7 = Wm6pc13pc7 * f_CO2 * d_75; 

GHGm6pc14pc7 = Wm6pc14pc7 * f_CO2 * d_76; 

GHGm6pc15pc7 = Wm6pc15pc7 * f_CO2 * d_77; 

 

GHGm6pc9pc8  = Wm6pc9pc8  * f_CO2 * d_81; 

GHGm6pc10pc8 = Wm6pc10pc8 * f_CO2 * d_82; 

GHGm6pc11pc8 = Wm6pc11pc8 * f_CO2 * d_83; 

GHGm6pc12pc8 = Wm6pc12pc8 * f_CO2 * d_84; 

GHGm6pc13pc8 = Wm6pc13pc8 * f_CO2 * d_85; 

GHGm6pc14pc8 = Wm6pc14pc8 * f_CO2 * d_86; 

GHGm6pc15pc8 = Wm6pc15pc8 * f_CO2 * d_87; 
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!M7(FFB); 

@FOR(PC(J)|J#EQ#1: Xtot * a_71 = Wm7pc1); 

@FOR(PC(J)|J#EQ#2: Xtot * a_72 = Wm7pc2); 

@FOR(PC(J)|J#EQ#3: Xtot * a_73 = Wm7pc3); 

@FOR(PC(J)|J#EQ#4: Xtot * a_74 = Wm7pc4); 

@FOR(PC(J)|J#EQ#5: Xtot * a_75 = Wm7pc5); 

@FOR(PC(J)|J#EQ#6: Xtot * a_76 = Wm7pc6); 

@FOR(PC(J)|J#EQ#7: Xtot * a_77 = Wm7pc7); 

@FOR(PC(J)|J#EQ#8: Xtot * a_78 = Wm7pc8); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * -a_79 = Wm7pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * -a_710 = Wm7pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * -a_711 = Wm7pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * -a_712 = Wm7pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * -a_713 = Wm7pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * -a_714 = Wm7pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * -a_715 = Wm7pc15); 

 

Wm7pc1 = Bm7pc1pc9 * Wm7pc1pc9 + Bm7pc1pc10 * Wm7pc1pc10 + Bm7pc1pc11 * Wm7pc1pc11 

+ Bm7pc1pc12 * Wm7pc1pc12 + Bm7pc1pc13 * Wm7pc1pc13 + Bm7pc1pc14 * Wm7pc1pc14 + 

Bm7pc1pc15 * Wm7pc1pc15; 

Wm7pc2 = Bm7pc2pc9 * Wm7pc2pc9 + Bm7pc2pc10 * Wm7pc2pc10 + Bm7pc2pc11 * Wm7pc2pc11 

+ Bm7pc2pc12 * Wm7pc2pc12 + Bm7pc2pc13 * Wm7pc2pc13 + Bm7pc2pc14 * Wm7pc2pc14 + 

Bm7pc2pc15 * Wm7pc2pc15; 

Wm7pc3 = Bm7pc3pc9 * Wm7pc3pc9 + Bm7pc3pc10 * Wm7pc3pc10 + Bm7pc3pc11 * Wm7pc3pc11 

+ Bm7pc3pc12 * Wm7pc3pc12 + Bm7pc3pc13 * Wm7pc3pc13 + Bm7pc3pc14 * Wm7pc3pc14 + 

Bm7pc3pc15 * Wm7pc3pc15; 

Wm7pc4 = Bm7pc4pc9 * Wm7pc4pc9 + Bm7pc4pc10 * Wm7pc4pc10 + Bm7pc4pc11 * Wm7pc4pc11 

+ Bm7pc4pc12 * Wm7pc4pc12 + Bm7pc4pc13 * Wm7pc4pc13 + Bm7pc4pc14 * Wm7pc4pc14 + 

Bm7pc4pc15 * Wm7pc4pc15; 

Wm7pc5 = Bm7pc5pc9 * Wm7pc5pc9 + Bm7pc5pc10 * Wm7pc5pc10 + Bm7pc5pc11 * Wm7pc5pc11 

+ Bm7pc5pc12 * Wm7pc5pc12 + Bm7pc5pc13 * Wm7pc5pc13 + Bm7pc5pc14 * Wm7pc5pc14 + 

Bm7pc5pc15 * Wm7pc5pc15; 

Wm7pc6 = Bm7pc6pc9 * Wm7pc6pc9 + Bm7pc6pc10 * Wm7pc6pc10 + Bm7pc6pc11 * Wm7pc6pc11 

+ Bm7pc6pc12 * Wm7pc6pc12 + Bm7pc6pc13 * Wm7pc6pc13 + Bm7pc6pc14 * Wm7pc6pc14 + 

Bm7pc6pc15 * Wm7pc6pc15; 

Wm7pc7 = Bm7pc7pc9 * Wm7pc7pc9 + Bm7pc7pc10 * Wm7pc7pc10 + Bm7pc7pc11 * Wm7pc7pc11 

+ Bm7pc7pc12 * Wm7pc7pc12 + Bm7pc7pc13 * Wm7pc7pc13 + Bm7pc7pc14 * Wm7pc7pc14 + 

Bm7pc7pc15 * Wm7pc7pc15; 

Wm7pc8 = Bm7pc8pc9 * Wm7pc8pc9 + Bm7pc8pc10 * Wm7pc8pc10 + Bm7pc8pc11 * Wm7pc8pc11 

+ Bm7pc8pc12 * Wm7pc8pc12 + Bm7pc8pc13 * Wm7pc8pc13 + Bm7pc8pc14 * Wm7pc8pc14 + 

Bm7pc8pc15 * Wm7pc8pc15; 

 

Wm7pc9  = Bm7pc1pc9  * Wm7pc1pc9  + Bm7pc2pc9  * Wm7pc2pc9  + Bm7pc3pc9  * 

Wm7pc3pc9  + Bm7pc4pc9  * Wm7pc4pc9  + Bm7pc5pc9  * Wm7pc5pc9  + Bm7pc6pc9  * 

Wm7pc6pc9  + Bm7pc7pc9  * Wm7pc7pc9  + Bm7pc8pc9  * Wm7pc8pc9; 

Wm7pc10 = Bm7pc1pc10 * Wm7pc1pc10 + Bm7pc2pc10 * Wm7pc2pc10 + Bm7pc3pc10 * 

Wm7pc3pc10 + Bm7pc4pc10 * Wm7pc4pc10 + Bm7pc5pc10 * Wm7pc5pc10 + Bm7pc6pc10 * 

Wm7pc6pc10 + Bm7pc7pc10 * Wm7pc7pc10 + Bm7pc8pc10 * Wm7pc8pc10; 

Wm7pc11 = Bm7pc1pc11 * Wm7pc1pc11 + Bm7pc2pc11 * Wm7pc2pc11 + Bm7pc3pc11 * 

Wm7pc3pc11 + Bm7pc4pc11 * Wm7pc4pc11 + Bm7pc5pc11 * Wm7pc5pc11 + Bm7pc6pc11 * 

Wm7pc6pc11 + Bm7pc7pc11 * Wm7pc7pc11 + Bm7pc8pc11 * Wm7pc8pc11; 

Wm7pc12 = Bm7pc1pc12 * Wm7pc1pc12 + Bm7pc2pc12 * Wm7pc2pc12 + Bm7pc3pc12 * 

Wm7pc3pc12 + Bm7pc4pc12 * Wm7pc4pc12 + Bm7pc5pc12 * Wm7pc5pc12 + Bm7pc6pc12 * 

Wm7pc6pc12 + Bm7pc7pc12 * Wm7pc7pc12 + Bm7pc8pc12 * Wm7pc8pc12; 

Wm7pc13 = Bm7pc1pc13 * Wm7pc1pc13 + Bm7pc2pc13 * Wm7pc2pc13 + Bm7pc3pc13 * 

Wm7pc3pc13 + Bm7pc4pc13 * Wm7pc4pc13 + Bm7pc5pc13 * Wm7pc5pc13 + Bm7pc6pc13 * 

Wm7pc6pc13 + Bm7pc7pc13 * Wm7pc7pc13 + Bm7pc8pc13 * Wm7pc8pc13; 

Wm7pc14 = Bm7pc1pc14 * Wm7pc1pc14 + Bm7pc2pc14 * Wm7pc2pc14 + Bm7pc3pc14 * 

Wm7pc3pc14 + Bm7pc4pc14 * Wm7pc4pc14 + Bm7pc5pc14 * Wm7pc5pc14 + Bm7pc6pc14 * 

Wm7pc6pc14 + Bm7pc7pc14 * Wm7pc7pc14 + Bm7pc8pc14 * Wm7pc8pc14; 

Wm7pc15 = Bm7pc1pc15 * Wm7pc1pc15 + Bm7pc2pc15 * Wm7pc2pc15 + Bm7pc3pc15 * 

Wm7pc3pc15 + Bm7pc4pc15 * Wm7pc4pc15 + Bm7pc5pc15 * Wm7pc5pc15 + Bm7pc6pc15 * 

Wm7pc6pc15 + Bm7pc7pc15 * Wm7pc7pc15 + Bm7pc8pc15 * Wm7pc8pc15; 

 

TRCm7pc1pc9  = Bm7pc1pc9  * Wm7pc1pc9  * (0.1 * d_11 + 0.5); 

TRCm7pc1pc10 = Bm7pc1pc10 * Wm7pc1pc10 * (0.1 * d_12 + 0.5); 

TRCm7pc1pc11 = Bm7pc1pc11 * Wm7pc1pc11 * (0.1 * d_13 + 0.5); 



Appendices 

cccxi 

TRCm7pc1pc12 = Bm7pc1pc12 * Wm7pc1pc12 * (0.1 * d_14 + 0.5); 

TRCm7pc1pc13 = Bm7pc1pc13 * Wm7pc1pc13 * (0.1 * d_15 + 0.5); 

TRCm7pc1pc14 = Bm7pc1pc14 * Wm7pc1pc14 * (0.1 * d_16 + 0.5); 

TRCm7pc1pc15 = Bm7pc1pc15 * Wm7pc1pc15 * (0.1 * d_17 + 0.5); 

 

TRCm7pc2pc9  = Bm7pc2pc9  * Wm7pc2pc9  * (0.1 * d_21 + 0.5); 

TRCm7pc2pc10 = Bm7pc2pc10 * Wm7pc2pc10 * (0.1 * d_22 + 0.5); 

TRCm7pc2pc11 = Bm7pc2pc11 * Wm7pc2pc11 * (0.1 * d_23 + 0.5); 

TRCm7pc2pc12 = Bm7pc2pc12 * Wm7pc2pc12 * (0.1 * d_24 + 0.5); 

TRCm7pc2pc13 = Bm7pc2pc13 * Wm7pc2pc13 * (0.1 * d_25 + 0.5); 

TRCm7pc2pc14 = Bm7pc2pc14 * Wm7pc2pc14 * (0.1 * d_26 + 0.5); 

TRCm7pc2pc15 = Bm7pc2pc15 * Wm7pc2pc15 * (0.1 * d_27 + 0.5); 

 

TRCm7pc3pc9  = Bm7pc3pc9  * Wm7pc3pc9  * (0.1 * d_31 + 0.5); 

TRCm7pc3pc10 = Bm7pc3pc10 * Wm7pc3pc10 * (0.1 * d_32 + 0.5); 

TRCm7pc3pc11 = Bm7pc3pc11 * Wm7pc3pc11 * (0.1 * d_33 + 0.5); 

TRCm7pc3pc12 = Bm7pc3pc12 * Wm7pc3pc12 * (0.1 * d_34 + 0.5); 

TRCm7pc3pc13 = Bm7pc3pc13 * Wm7pc3pc13 * (0.1 * d_35 + 0.5); 

TRCm7pc3pc14 = Bm7pc3pc14 * Wm7pc3pc14 * (0.1 * d_36 + 0.5); 

TRCm7pc3pc15 = Bm7pc3pc15 * Wm7pc3pc15 * (0.1 * d_37 + 0.5); 

 

TRCm7pc4pc9  = Bm7pc4pc9  * Wm7pc4pc9  * (0.1 * d_41 + 0.5); 

TRCm7pc4pc10 = Bm7pc4pc10 * Wm7pc4pc10 * (0.1 * d_42 + 0.5); 

TRCm7pc4pc11 = Bm7pc4pc11 * Wm7pc4pc11 * (0.1 * d_43 + 0.5); 

TRCm7pc4pc12 = Bm7pc4pc12 * Wm7pc4pc12 * (0.1 * d_44 + 0.5); 

TRCm7pc4pc13 = Bm7pc4pc13 * Wm7pc4pc13 * (0.1 * d_45 + 0.5); 

TRCm7pc4pc14 = Bm7pc4pc14 * Wm7pc4pc14 * (0.1 * d_46 + 0.5); 

TRCm7pc4pc15 = Bm7pc4pc15 * Wm7pc4pc15 * (0.1 * d_47 + 0.5); 

 

TRCm7pc5pc9  = Bm7pc5pc9  * Wm7pc5pc9  * (0.1 * d_51 + 0.5); 

TRCm7pc5pc10 = Bm7pc5pc10 * Wm7pc5pc10 * (0.1 * d_52 + 0.5); 

TRCm7pc5pc11 = Bm7pc5pc11 * Wm7pc5pc11 * (0.1 * d_53 + 0.5); 

TRCm7pc5pc12 = Bm7pc5pc12 * Wm7pc5pc12 * (0.1 * d_54 + 0.5); 

TRCm7pc5pc13 = Bm7pc5pc13 * Wm7pc5pc13 * (0.1 * d_55 + 0.5); 

TRCm7pc5pc14 = Bm7pc5pc14 * Wm7pc5pc14 * (0.1 * d_56 + 0.5); 

TRCm7pc5pc15 = Bm7pc5pc15 * Wm7pc5pc15 * (0.1 * d_57 + 0.5); 

 

TRCm7pc6pc9  = Bm7pc6pc9  * Wm7pc6pc9  * (0.1 * d_61 + 0.5); 

TRCm7pc6pc10 = Bm7pc6pc10 * Wm7pc6pc10 * (0.1 * d_62 + 0.5); 

TRCm7pc6pc11 = Bm7pc6pc11 * Wm7pc6pc11 * (0.1 * d_63 + 0.5); 

TRCm7pc6pc12 = Bm7pc6pc12 * Wm7pc6pc12 * (0.1 * d_64 + 0.5); 

TRCm7pc6pc13 = Bm7pc6pc13 * Wm7pc6pc13 * (0.1 * d_65 + 0.5); 

TRCm7pc6pc14 = Bm7pc6pc14 * Wm7pc6pc14 * (0.1 * d_66 + 0.5); 

TRCm7pc6pc15 = Bm7pc6pc15 * Wm7pc6pc15 * (0.1 * d_67 + 0.5); 

 

TRCm7pc7pc9  = Bm7pc7pc9  * Wm7pc7pc9  * (0.1 * d_71 + 0.5); 

TRCm7pc7pc10 = Bm7pc7pc10 * Wm7pc7pc10 * (0.1 * d_72 + 0.5); 

TRCm7pc7pc11 = Bm7pc7pc11 * Wm7pc7pc11 * (0.1 * d_73 + 0.5); 

TRCm7pc7pc12 = Bm7pc7pc12 * Wm7pc7pc12 * (0.1 * d_74 + 0.5); 

TRCm7pc7pc13 = Bm7pc7pc13 * Wm7pc7pc13 * (0.1 * d_75 + 0.5); 

TRCm7pc7pc14 = Bm7pc7pc14 * Wm7pc7pc14 * (0.1 * d_76 + 0.5); 

TRCm7pc7pc15 = Bm7pc7pc15 * Wm7pc7pc15 * (0.1 * d_77 + 0.5); 

 

TRCm7pc8pc9  = Bm7pc8pc9  * Wm7pc8pc9  * (0.1 * d_81 + 0.5); 

TRCm7pc8pc10 = Bm7pc8pc10 * Wm7pc8pc10 * (0.1 * d_82 + 0.5); 

TRCm7pc8pc11 = Bm7pc8pc11 * Wm7pc8pc11 * (0.1 * d_83 + 0.5); 

TRCm7pc8pc12 = Bm7pc8pc12 * Wm7pc8pc12 * (0.1 * d_84 + 0.5); 

TRCm7pc8pc13 = Bm7pc8pc13 * Wm7pc8pc13 * (0.1 * d_85 + 0.5); 

TRCm7pc8pc14 = Bm7pc8pc14 * Wm7pc8pc14 * (0.1 * d_86 + 0.5); 

TRCm7pc8pc15 = Bm7pc8pc15 * Wm7pc8pc15 * (0.1 * d_87 + 0.5); 

 

GHGm7pc1pc9  = Bm7pc1pc9  * Wm7pc1pc9  * f_CO2 * d_11; 

GHGm7pc1pc10 = Bm7pc1pc10 * Wm7pc1pc10 * f_CO2 * d_12; 

GHGm7pc1pc11 = Bm7pc1pc11 * Wm7pc1pc11 * f_CO2 * d_13; 

GHGm7pc1pc12 = Bm7pc1pc12 * Wm7pc1pc12 * f_CO2 * d_14; 

GHGm7pc1pc13 = Bm7pc1pc13 * Wm7pc1pc13 * f_CO2 * d_15; 

GHGm7pc1pc14 = Bm7pc1pc14 * Wm7pc1pc14 * f_CO2 * d_16; 

GHGm7pc1pc15 = Bm7pc1pc15 * Wm7pc1pc15 * f_CO2 * d_17; 



Appendices 

cccxii 

 

GHGm7pc2pc9  = Bm7pc2pc9  * Wm7pc2pc9  * f_CO2 * d_21; 

GHGm7pc2pc10 = Bm7pc2pc10 * Wm7pc2pc10 * f_CO2 * d_22; 

GHGm7pc2pc11 = Bm7pc2pc11 * Wm7pc2pc11 * f_CO2 * d_23; 

GHGm7pc2pc12 = Bm7pc2pc12 * Wm7pc2pc12 * f_CO2 * d_24; 

GHGm7pc2pc13 = Bm7pc2pc13 * Wm7pc2pc13 * f_CO2 * d_25; 

GHGm7pc2pc14 = Bm7pc2pc14 * Wm7pc2pc14 * f_CO2 * d_26; 

GHGm7pc2pc15 = Bm7pc2pc15 * Wm7pc2pc15 * f_CO2 * d_27; 

 

GHGm7pc3pc9  = Bm7pc3pc9  * Wm7pc3pc9  * f_CO2 * d_31; 

GHGm7pc3pc10 = Bm7pc3pc10 * Wm7pc3pc10 * f_CO2 * d_32; 

GHGm7pc3pc11 = Bm7pc3pc11 * Wm7pc3pc11 * f_CO2 * d_33; 

GHGm7pc3pc12 = Bm7pc3pc12 * Wm7pc3pc12 * f_CO2 * d_34; 

GHGm7pc3pc13 = Bm7pc3pc13 * Wm7pc3pc13 * f_CO2 * d_35; 

GHGm7pc3pc14 = Bm7pc3pc14 * Wm7pc3pc14 * f_CO2 * d_36; 

GHGm7pc3pc15 = Bm7pc3pc15 * Wm7pc3pc15 * f_CO2 * d_37; 

 

GHGm7pc4pc9  = Bm7pc4pc9  * Wm7pc4pc9  * f_CO2 * d_41; 

GHGm7pc4pc10 = Bm7pc4pc10 * Wm7pc4pc10 * f_CO2 * d_42; 

GHGm7pc4pc11 = Bm7pc4pc11 * Wm7pc4pc11 * f_CO2 * d_43; 

GHGm7pc4pc12 = Bm7pc4pc12 * Wm7pc4pc12 * f_CO2 * d_44; 

GHGm7pc4pc13 = Bm7pc4pc13 * Wm7pc4pc13 * f_CO2 * d_45; 

GHGm7pc4pc14 = Bm7pc4pc14 * Wm7pc4pc14 * f_CO2 * d_46; 

GHGm7pc4pc15 = Bm7pc4pc15 * Wm7pc4pc15 * f_CO2 * d_47; 

 

GHGm7pc5pc9  = Bm7pc5pc9  * Wm7pc5pc9  * f_CO2 * d_51; 

GHGm7pc5pc10 = Bm7pc5pc10 * Wm7pc5pc10 * f_CO2 * d_52; 

GHGm7pc5pc11 = Bm7pc5pc11 * Wm7pc5pc11 * f_CO2 * d_53; 

GHGm7pc5pc12 = Bm7pc5pc12 * Wm7pc5pc12 * f_CO2 * d_54; 

GHGm7pc5pc13 = Bm7pc5pc13 * Wm7pc5pc13 * f_CO2 * d_55; 

GHGm7pc5pc14 = Bm7pc5pc14 * Wm7pc5pc14 * f_CO2 * d_56; 

GHGm7pc5pc15 = Bm7pc5pc15 * Wm7pc5pc15 * f_CO2 * d_57; 

 

GHGm7pc6pc9  = Bm7pc6pc9  * Wm7pc6pc9  * f_CO2 * d_61; 

GHGm7pc6pc10 = Bm7pc6pc10 * Wm7pc6pc10 * f_CO2 * d_62; 

GHGm7pc6pc11 = Bm7pc6pc11 * Wm7pc6pc11 * f_CO2 * d_63; 

GHGm7pc6pc12 = Bm7pc6pc12 * Wm7pc6pc12 * f_CO2 * d_64; 

GHGm7pc6pc13 = Bm7pc6pc13 * Wm7pc6pc13 * f_CO2 * d_65; 

GHGm7pc6pc14 = Bm7pc6pc14 * Wm7pc6pc14 * f_CO2 * d_66; 

GHGm7pc6pc15 = Bm7pc6pc15 * Wm7pc6pc15 * f_CO2 * d_67; 

 

GHGm7pc7pc9  = Bm7pc7pc9  * Wm7pc7pc9  * f_CO2 * d_71; 

GHGm7pc7pc10 = Bm7pc7pc10 * Wm7pc7pc10 * f_CO2 * d_72; 

GHGm7pc7pc11 = Bm7pc7pc11 * Wm7pc7pc11 * f_CO2 * d_73; 

GHGm7pc7pc12 = Bm7pc7pc12 * Wm7pc7pc12 * f_CO2 * d_74; 

GHGm7pc7pc13 = Bm7pc7pc13 * Wm7pc7pc13 * f_CO2 * d_75; 

GHGm7pc7pc14 = Bm7pc7pc14 * Wm7pc7pc14 * f_CO2 * d_76; 

GHGm7pc7pc15 = Bm7pc7pc15 * Wm7pc7pc15 * f_CO2 * d_77; 

 

GHGm7pc8pc9  = Bm7pc8pc9  * Wm7pc8pc9  * f_CO2 * d_81; 

GHGm7pc8pc10 = Bm7pc8pc10 * Wm7pc8pc10 * f_CO2 * d_82; 

GHGm7pc8pc11 = Bm7pc8pc11 * Wm7pc8pc11 * f_CO2 * d_83; 

GHGm7pc8pc12 = Bm7pc8pc12 * Wm7pc8pc12 * f_CO2 * d_84; 

GHGm7pc8pc13 = Bm7pc8pc13 * Wm7pc8pc13 * f_CO2 * d_85; 

GHGm7pc8pc14 = Bm7pc8pc14 * Wm7pc8pc14 * f_CO2 * d_86; 

GHGm7pc8pc15 = Bm7pc8pc15 * Wm7pc8pc15 * f_CO2 * d_87; 

 

!M10(CPO); 

@FOR(M(I)|I#EQ#10: Ytot = Wm10p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_109  = Wm10pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1010 = Wm10pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1011 = Wm10pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1012 = Wm10pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1013 = Wm10pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1014 = Wm10pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1015 = Wm10pc15); 
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@FOR(PC(J)|J#EQ#19 : Xtot * -a_1019 = Wm10pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * -a_1020 = Wm10pc20); 

 

Wm10p1 = Wm10pc9p1 + Wm10pc10p1 + Wm10pc11p1 + Wm10pc12p1 + Wm10pc13p1 + Wm10pc14p1 

+ Wm10pc15p1; 

 

Wm10pc9  = Wm10pc9p1  + Wm10pc9pc19  + Wm10pc9pc20; 

Wm10pc10 = Wm10pc10p1 + Wm10pc10pc19 + Wm10pc10pc20; 

Wm10pc11 = Wm10pc11p1 + Wm10pc11pc19 + Wm10pc11pc20; 

Wm10pc12 = Wm10pc12p1 + Wm10pc12pc19 + Wm10pc12pc20; 

Wm10pc13 = Wm10pc13p1 + Wm10pc13pc19 + Wm10pc13pc20; 

Wm10pc14 = Wm10pc14p1 + Wm10pc14pc19 + Wm10pc14pc20; 

Wm10pc15 = Wm10pc15p1 + Wm10pc15pc19 + Wm10pc15pc20; 

 

Wm10pc19 = Wm10pc9pc19 + Wm10pc10pc19 + Wm10pc11pc19 + Wm10pc12pc19 + Wm10pc13pc19 

+ Wm10pc14pc19 + Wm10pc15pc19; 

Wm10pc20 = Wm10pc9pc20 + Wm10pc10pc20 + Wm10pc11pc20 + Wm10pc12pc20 + Wm10pc13pc20 

+ Wm10pc14pc20 + Wm10pc15pc20; 

 

TRCm10pc9p1  = Wm10pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm10pc10p1 = Wm10pc10p1 * (0.1 * d_10p + 0.5); 

TRCm10pc11p1 = Wm10pc11p1 * (0.1 * d_11p + 0.5); 

TRCm10pc12p1 = Wm10pc12p1 * (0.1 * d_12p + 0.5); 

TRCm10pc13p1 = Wm10pc13p1 * (0.1 * d_13p + 0.5); 

TRCm10pc14p1 = Wm10pc14p1 * (0.1 * d_14p + 0.5); 

TRCm10pc15p1 = Wm10pc15p1 * (0.1 * d_15p + 0.5); 

 

TRCm10pc9pc19  = Wm10pc9pc19  * (0.1 * d_911  + 0.5); 

TRCm10pc10pc19 = Wm10pc10pc19 * (0.1 * d_1011 + 0.5); 

TRCm10pc11pc19 = Wm10pc11pc19 * (0.1 * d_1111 + 0.5); 

TRCm10pc12pc19 = Wm10pc12pc19 * (0.1 * d_1211 + 0.5); 

TRCm10pc13pc19 = Wm10pc13pc19 * (0.1 * d_1311 + 0.5); 

TRCm10pc14pc19 = Wm10pc14pc19 * (0.1 * d_1411 + 0.5); 

TRCm10pc15pc19 = Wm10pc15pc19 * (0.1 * d_1511 + 0.5); 

 

TRCm10pc9pc20  = Wm10pc9pc20  * (0.1 * d_912  + 0.5); 

TRCm10pc10pc20 = Wm10pc10pc20 * (0.1 * d_1012 + 0.5); 

TRCm10pc11pc20 = Wm10pc11pc20 * (0.1 * d_1112 + 0.5); 

TRCm10pc12pc20 = Wm10pc12pc20 * (0.1 * d_1212 + 0.5); 

TRCm10pc13pc20 = Wm10pc13pc20 * (0.1 * d_1312 + 0.5); 

TRCm10pc14pc20 = Wm10pc14pc20 * (0.1 * d_1412 + 0.5); 

TRCm10pc15pc20 = Wm10pc15pc20 * (0.1 * d_1512 + 0.5); 

 

GHGm10pc9p1  = Wm10pc9p1  * f_CO2 * d_9p; 

GHGm10pc10p1 = Wm10pc10p1 * f_CO2 * d_10p; 

GHGm10pc11p1 = Wm10pc12p1 * f_CO2 * d_11p; 

GHGm10pc12p1 = Wm10pc13p1 * f_CO2 * d_12p; 

GHGm10pc13p1 = Wm10pc13p1 * f_CO2 * d_13p; 

GHGm10pc14p1 = Wm10pc14p1 * f_CO2 * d_14p; 

GHGm10pc15p1 = Wm10pc15p1 * f_CO2 * d_15p; 

 

GHGm10pc9pc19  = Wm10pc9pc19  * f_CO2 * d_911; 

GHGm10pc10pc19 = Wm10pc10pc19 * f_CO2 * d_1011; 

GHGm10pc11pc19 = Wm10pc12pc19 * f_CO2 * d_1111; 

GHGm10pc12pc19 = Wm10pc13pc19 * f_CO2 * d_1211; 

GHGm10pc13pc19 = Wm10pc13pc19 * f_CO2 * d_1311; 

GHGm10pc14pc19 = Wm10pc14pc19 * f_CO2 * d_1411; 

GHGm10pc15pc19 = Wm10pc15pc19 * f_CO2 * d_1511; 

 

GHGm10pc9pc20  = Wm10pc9pc20  * f_CO2 * d_912; 

GHGm10pc10pc20 = Wm10pc10pc20 * f_CO2 * d_1012; 

GHGm10pc11pc20 = Wm10pc12pc20 * f_CO2 * d_1112; 

GHGm10pc12pc20 = Wm10pc13pc20 * f_CO2 * d_1212; 

GHGm10pc13pc20 = Wm10pc13pc20 * f_CO2 * d_1312; 

GHGm10pc14pc20 = Wm10pc14pc20 * f_CO2 * d_1412; 

GHGm10pc15pc20 = Wm10pc15pc20 * f_CO2 * d_1512; 

 

!M11(PK); 
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@FOR(PC(J)|J#EQ#9 : Xtot * a_119  = Wm11pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1110 = Wm11pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1111 = Wm11pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1112 = Wm11pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1113 = Wm11pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1114 = Wm11pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1115 = Wm11pc15); 

 

@FOR(PC(J)|J#EQ#16 : Xtot * -a_1116 = Wm11pc16); 

@FOR(PC(J)|J#EQ#17 : Xtot * -a_1117 = Wm11pc17); 

@FOR(PC(J)|J#EQ#18 : Xtot * -a_1118 = Wm11pc18); 

 

Wm11pc9   = Wm11pc9pc16  + Wm11pc9pc17  + Wm11pc9pc18; 

Wm11pc10  = Wm11pc10pc16 + Wm11pc10pc17 + Wm11pc10pc18; 

Wm11pc11  = Wm11pc11pc16 + Wm11pc11pc17 + Wm11pc11pc18; 

Wm11pc12  = Wm11pc12pc16 + Wm11pc12pc17 + Wm11pc12pc18; 

Wm11pc13  = Wm11pc13pc16 + Wm11pc13pc17 + Wm11pc13pc18; 

Wm11pc14  = Wm11pc14pc16 + Wm11pc14pc17 + Wm11pc14pc18; 

Wm11pc15  = Wm11pc15pc16 + Wm11pc15pc17 + Wm11pc15pc18; 

 

Wm11pc16 = Wm11pc9pc16 + Wm11pc10pc16 + Wm11pc11pc16 + Wm11pc12pc16 + Wm11pc13pc16 

+ Wm11pc14pc16 + Wm11pc15pc16; 

Wm11pc17 = Wm11pc9pc17 + Wm11pc10pc17 + Wm11pc11pc17 + Wm11pc12pc17 + Wm11pc13pc17 

+ Wm11pc14pc17 + Wm11pc15pc17; 

Wm11pc18 = Wm11pc9pc18 + Wm11pc10pc18 + Wm11pc11pc18 + Wm11pc12pc18 + Wm11pc13pc18 

+ Wm11pc14pc18 + Wm11pc15pc18; 

 

TRCm11pc9pc16  = Wm11pc9pc16  * (0.1 * d_98  + 0.5); 

TRCm11pc9pc17  = Wm11pc9pc17  * (0.1 * d_99  + 0.5); 

TRCm11pc9pc18  = Wm11pc9pc18  * (0.1 * d_910 + 0.5); 

 

TRCm11pc10pc16 = Wm11pc10pc16 * (0.1 * d_108  + 0.5); 

TRCm11pc10pc17 = Wm11pc10pc17 * (0.1 * d_109  + 0.5); 

TRCm11pc10pc18 = Wm11pc10pc18 * (0.1 * d_1010 + 0.5); 

 

TRCm11pc11pc16 = Wm11pc11pc16 * (0.1 * d_118  + 0.5); 

TRCm11pc11pc17 = Wm11pc11pc17 * (0.1 * d_119  + 0.5); 

TRCm11pc11pc18 = Wm11pc11pc18 * (0.1 * d_1110 + 0.5); 

 

TRCm11pc12pc16 = Wm11pc12pc16 * (0.1 * d_128  + 0.5); 

TRCm11pc12pc17 = Wm11pc12pc17 * (0.1 * d_129  + 0.5); 

TRCm11pc12pc18 = Wm11pc12pc18 * (0.1 * d_1210 + 0.5); 

 

TRCm11pc13pc16 = Wm11pc13pc16 * (0.1 * d_138  + 0.5); 

TRCm11pc13pc17 = Wm11pc13pc17 * (0.1 * d_139  + 0.5); 

TRCm11pc13pc18 = Wm11pc13pc18 * (0.1 * d_1310 + 0.5); 

 

TRCm11pc14pc16 = Wm11pc14pc16 * (0.1 * d_148  + 0.5); 

TRCm11pc14pc17 = Wm11pc14pc17 * (0.1 * d_149  + 0.5); 

TRCm11pc14pc18 = Wm11pc14pc18 * (0.1 * d_1410 + 0.5); 

 

TRCm11pc15pc16 = Wm11pc15pc16 * (0.1 * d_158  + 0.5); 

TRCm11pc15pc17 = Wm11pc15pc17 * (0.1 * d_159  + 0.5); 

TRCm11pc15pc18 = Wm11pc15pc18 * (0.1 * d_1510 + 0.5); 

 

GHGm11pc9pc16  = Wm11pc9pc16  * f_CO2 * d_98; 

GHGm11pc9pc17  = Wm11pc9pc17  * f_CO2 * d_99; 

GHGm11pc9pc18  = Wm11pc9pc18  * f_CO2 * d_910; 

 

GHGm11pc10pc16 = Wm11pc10pc16 * f_CO2 * d_108; 

GHGm11pc10pc17 = Wm11pc10pc17 * f_CO2 * d_109; 

GHGm11pc10pc18 = Wm11pc10pc18 * f_CO2 * d_1010; 

 

GHGm11pc11pc16 = Wm11pc11pc16 * f_CO2 * d_118; 

GHGm11pc11pc17 = Wm11pc11pc17 * f_CO2 * d_119; 

GHGm11pc11pc18 = Wm11pc11pc18 * f_CO2 * d_1110; 

 

GHGm11pc12pc16 = Wm11pc12pc16 * f_CO2 * d_128; 



Appendices 

cccxv 

GHGm11pc12pc17 = Wm11pc12pc17 * f_CO2 * d_129; 

GHGm11pc12pc18 = Wm11pc12pc18 * f_CO2 * d_1210; 

 

GHGm11pc13pc16 = Wm11pc13pc16 * f_CO2 * d_138; 

GHGm11pc13pc17 = Wm11pc13pc17 * f_CO2 * d_139; 

GHGm11pc13pc18 = Wm11pc13pc18 * f_CO2 * d_1310; 

 

GHGm11pc14pc16 = Wm11pc14pc16 * f_CO2 * d_148; 

GHGm11pc14pc17 = Wm11pc14pc17 * f_CO2 * d_149; 

GHGm11pc14pc18 = Wm11pc14pc18 * f_CO2 * d_1410; 

 

GHGm11pc15pc16 = Wm11pc15pc16 * f_CO2 * d_158; 

GHGm11pc15pc17 = Wm11pc15pc17 * f_CO2 * d_159; 

GHGm11pc15pc18 = Wm11pc15pc18 * f_CO2 * d_1510; 

 

!M12(DC); 

@FOR(M(I)|I#EQ#12: Ytot = Wm12p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_129  = Wm12pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1210 = Wm12pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1211 = Wm12pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1212 = Wm12pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1213 = Wm12pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1214 = Wm12pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1215 = Wm12pc15); 

 

Wm12p1 = Wm12pc9p1 + Wm12pc10p1 + Wm12pc11p1 + Wm12pc12p1 + Wm12pc13p1 + Wm12pc14p1 

+ Wm12pc15p1; 

 

TRCm12pc9p1  = Wm12pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm12pc10p1 = Wm12pc10p1 * (0.1 * d_10p + 0.5); 

TRCm12pc11p1 = Wm12pc11p1 * (0.1 * d_11p + 0.5); 

TRCm12pc12p1 = Wm12pc12p1 * (0.1 * d_12p + 0.5); 

TRCm12pc13p1 = Wm12pc13p1 * (0.1 * d_13p + 0.5); 

TRCm12pc14p1 = Wm12pc14p1 * (0.1 * d_14p + 0.5); 

TRCm12pc15p1 = Wm12pc15p1 * (0.1 * d_15p + 0.5); 

 

GHGm12pc9p1  = Wm12pc9p1  * f_CO2 * d_9p; 

GHGm12pc10p1 = Wm12pc10p1 * f_CO2 * d_10p; 

GHGm12pc11p1 = Wm12pc11p1 * f_CO2 * d_11p; 

GHGm12pc12p1 = Wm12pc12p1 * f_CO2 * d_12p; 

GHGm12pc13p1 = Wm12pc13p1 * f_CO2 * d_13p; 

GHGm12pc14p1 = Wm12pc14p1 * f_CO2 * d_14p; 

GHGm12pc15p1 = Wm12pc15p1 * f_CO2 * d_15p; 

 

!M13(PKS); 

@FOR(M(I)|I#EQ#13: Ytot = Wm13p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_139  = Wm13pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1310 = Wm13pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1311 = Wm13pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1312 = Wm13pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1313 = Wm13pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1314 = Wm13pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1315 = Wm13pc15); 

 

Wm13p1 = Wm13pc9p1 + Wm13pc10p1 + Wm13pc11p1 + Wm13pc12p1 + Wm13pc13p1 + Wm13pc14p1 

+ Wm13pc15p1; 

 

TRCm13pc9p1  = Wm13pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm13pc10p1 = Wm13pc10p1 * (0.1 * d_10p + 0.5); 

TRCm13pc11p1 = Wm13pc11p1 * (0.1 * d_11p + 0.5); 

TRCm13pc12p1 = Wm13pc12p1 * (0.1 * d_12p + 0.5); 

TRCm13pc13p1 = Wm13pc13p1 * (0.1 * d_13p + 0.5); 

TRCm13pc14p1 = Wm13pc14p1 * (0.1 * d_14p + 0.5); 

TRCm13pc15p1 = Wm13pc15p1 * (0.1 * d_15p + 0.5); 

 

GHGm13pc9p1  = Wm13pc9p1  * f_CO2 * d_9p; 
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GHGm13pc10p1 = Wm13pc10p1 * f_CO2 * d_10p; 

GHGm13pc11p1 = Wm13pc11p1 * f_CO2 * d_11p; 

GHGm13pc12p1 = Wm13pc12p1 * f_CO2 * d_12p; 

GHGm13pc13p1 = Wm13pc13p1 * f_CO2 * d_13p; 

GHGm13pc14p1 = Wm13pc14p1 * f_CO2 * d_14p; 

GHGm13pc15p1 = Wm13pc15p1 * f_CO2 * d_15p; 

 

!M19(DLF); 

@FOR(M(I)|I#EQ#19: Ytot = Wm19p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_199  = Wm19pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_1910 = Wm19pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_1911 = Wm19pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_1912 = Wm19pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_1913 = Wm19pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_1914 = Wm19pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_1915 = Wm19pc15); 

 

Wm19p1 = Wm19pc9p1 + Wm19pc10p1 + Wm19pc11p1 + Wm19pc12p1 + Wm19pc13p1 + Wm19pc14p1 

+ Wm19pc15p1; 

 

TRCm19pc9p1  = Wm19pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm19pc10p1 = Wm19pc10p1 * (0.1 * d_10p + 0.5); 

TRCm19pc11p1 = Wm19pc11p1 * (0.1 * d_11p + 0.5); 

TRCm19pc12p1 = Wm19pc12p1 * (0.1 * d_12p + 0.5); 

TRCm19pc13p1 = Wm19pc13p1 * (0.1 * d_13p + 0.5); 

TRCm19pc14p1 = Wm19pc14p1 * (0.1 * d_14p + 0.5); 

TRCm19pc15p1 = Wm19pc15p1 * (0.1 * d_15p + 0.5); 

 

GHGm19pc9p1  = Wm19pc9p1  * f_CO2 * d_9p; 

GHGm19pc10p1 = Wm19pc10p1 * f_CO2 * d_10p; 

GHGm19pc11p1 = Wm19pc11p1 * f_CO2 * d_11p; 

GHGm19pc12p1 = Wm19pc12p1 * f_CO2 * d_12p; 

GHGm19pc13p1 = Wm19pc13p1 * f_CO2 * d_13p; 

GHGm19pc14p1 = Wm19pc14p1 * f_CO2 * d_14p; 

GHGm19pc15p1 = Wm19pc15p1 * f_CO2 * d_15p; 

 

!M20(CHARCOAL); 

@FOR(M(I)|I#EQ#20: Ytot = Wm20p1); 

 

@FOR(PC(J)|J#EQ#9 : Xtot * a_209  = Wm20pc9); 

@FOR(PC(J)|J#EQ#10: Xtot * a_2010 = Wm20pc10); 

@FOR(PC(J)|J#EQ#11: Xtot * a_2011 = Wm20pc11); 

@FOR(PC(J)|J#EQ#12: Xtot * a_2012 = Wm20pc12); 

@FOR(PC(J)|J#EQ#13: Xtot * a_2013 = Wm20pc13); 

@FOR(PC(J)|J#EQ#14: Xtot * a_2014 = Wm20pc14); 

@FOR(PC(J)|J#EQ#15: Xtot * a_2015 = Wm20pc15); 

 

Wm20p1 = Wm20pc9p1 + Wm20pc10p1 + Wm20pc11p1 + Wm20pc12p1 + Wm20pc13p1 + Wm20pc14p1 

+ Wm20pc15p1; 

 

TRCm20pc9p1  = Wm20pc9p1  * (0.1 * d_9p  + 0.5); 

TRCm20pc10p1 = Wm20pc10p1 * (0.1 * d_10p + 0.5); 

TRCm20pc11p1 = Wm20pc11p1 * (0.1 * d_11p + 0.5); 

TRCm20pc12p1 = Wm20pc12p1 * (0.1 * d_12p + 0.5); 

TRCm20pc13p1 = Wm20pc13p1 * (0.1 * d_13p + 0.5); 

TRCm20pc14p1 = Wm20pc14p1 * (0.1 * d_14p + 0.5); 

TRCm20pc15p1 = Wm20pc15p1 * (0.1 * d_15p + 0.5); 

 

GHGm20pc9p1  = Wm20pc9p1  * f_CO2 * d_9p; 

GHGm20pc10p1 = Wm20pc10p1 * f_CO2 * d_10p; 

GHGm20pc11p1 = Wm20pc11p1 * f_CO2 * d_11p; 

GHGm20pc12p1 = Wm20pc12p1 * f_CO2 * d_12p; 

GHGm20pc13p1 = Wm20pc13p1 * f_CO2 * d_13p; 

GHGm20pc14p1 = Wm20pc14p1 * f_CO2 * d_14p; 

GHGm20pc15p1 = Wm20pc15p1 * f_CO2 * d_15p; 

 

!M21(CPKO); 
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@FOR(M(I)|I#EQ#21: Ytot = Wm21p1); 

 

@FOR(PC(J)|J#EQ#16 : Xtot * a_2116 = Wm21pc16); 

@FOR(PC(J)|J#EQ#17 : Xtot * a_2117 = Wm21pc17); 

@FOR(PC(J)|J#EQ#18 : Xtot * a_2118 = Wm21pc18); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * -a_2119 = Wm21pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * -a_2120 = Wm21pc20); 

 

Wm21p1 = Wm21pc16p1 + Wm21pc17p1 + Wm21pc18p1; 

 

Wm21pc16 = Wm21pc16p1 + Wm21pc16pc19 +Wm21pc16pc20; 

Wm21pc17 = Wm21pc17p1 + Wm21pc17pc19 +Wm21pc17pc20; 

Wm21pc18 = Wm21pc18p1 + Wm21pc18pc19 +Wm21pc18pc20; 

 

Wm21pc19 = Wm21pc16pc19 + Wm21pc17pc19 + Wm21pc18pc19; 

Wm21pc20 = Wm21pc20pc20 + Wm21pc17pc20 + Wm21pc18pc20; 

 

TRCm21pc16p1 = Wm21pc16p1 * (0.1 * d_16p + 0.5); 

TRCm21pc17p1 = Wm21pc17p1 * (0.1 * d_17p + 0.5); 

TRCm21pc18p1 = Wm21pc18p1 * (0.1 * d_18p + 0.5); 

 

TRCm21pc16pc19 = Wm21pc16pc19 * (0.1 * d_1611 + 0.5); 

TRCm21pc17pc19 = Wm21pc17pc19 * (0.1 * d_1711 + 0.5); 

TRCm21pc18pc19 = Wm21pc18pc19 * (0.1 * d_1811 + 0.5); 

 

TRCm21pc16pc20 = Wm21pc16pc20 * (0.1 * d_1612 + 0.5); 

TRCm21pc17pc20 = Wm21pc17pc20 * (0.1 * d_1712 + 0.5); 

TRCm21pc18pc20 = Wm21pc18pc20 * (0.1 * d_1812 + 0.5); 

 

GHGm21pc16p1 = Wm21pc16p1 * f_CO2 * d_16p; 

GHGm21pc17p1 = Wm21pc17p1 * f_CO2 * d_17p; 

GHGm21pc18p1 = Wm21pc18p1 * f_CO2 * d_18p; 

 

GHGm21pc16pc19 = Wm21pc16pc19 * f_CO2 * d_1611; 

GHGm21pc17pc19 = Wm21pc17pc19 * f_CO2 * d_1711; 

GHGm21pc18pc19 = Wm21pc18pc19 * f_CO2 * d_1811; 

 

GHGm21pc16pc20 = Wm21pc16pc20 * f_CO2 * d_1612; 

GHGm21pc17pc20 = Wm21pc17pc20 * f_CO2 * d_1712; 

GHGm21pc18pc20 = Wm21pc18pc20 * f_CO2 * d_1812; 

 

!M22(PKC); 

@FOR(M(I)|I#EQ#22: Ytot = Wm22p1); 

 

@FOR(PC(J)|J#EQ#16 : Xtot * a_2216 = Wm22pc16); 

@FOR(PC(J)|J#EQ#17 : Xtot * a_2217 = Wm22pc17); 

@FOR(PC(J)|J#EQ#18 : Xtot * a_2218 = Wm22pc18); 

 

Wm22p1 = Wm22pc16p1 + Wm22pc17p1 + Wm22pc18p1; 

 

Wm22pc16 = Wm22pc16p1; 

Wm22pc17 = Wm22pc17p1; 

Wm22pc18 = Wm22pc18p1; 

 

TRCm22pc16p1 = Wm22pc16p1 * (0.1 * d_16p + 0.5); 

TRCm22pc17p1 = Wm22pc17p1 * (0.1 * d_17p + 0.5); 

TRCm22pc18p1 = Wm22pc18p1 * (0.1 * d_18p + 0.5); 

 

GHGm22pc16p1 = Wm22pc16p1 * f_CO2 * d_16p; 

GHGm22pc17p1 = Wm22pc17p1 * f_CO2 * d_17p; 

GHGm22pc18p1 = Wm22pc18p1 * f_CO2 * d_18p; 

 

!M24(RBDPOL); 

@FOR(M(I)|I#EQ#24: Ytot = Wm24p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2419 = Wm24pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2420 = Wm24pc20); 
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Wm24p1 = Wm24pc19p1 + Wm24pc20p1; 

 

Wm24pc19 = Wm24pc19p1; 

Wm24pc20 = Wm24pc20p1; 

 

TRCm24pc19p1 = Wm24pc19p1 * (0.1 * d_19p + 0.5); 

TRCm24pc20p1 = Wm24pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm24pc19p1 = Wm24pc19p1 * f_CO2 * d_19p; 

GHGm24pc20p1 = Wm24pc20p1 * f_CO2 * d_20p; 

 

!M25(RBDPS); 

@FOR(M(I)|I#EQ#25: Ytot = Wm25p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2519 = Wm25pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2520 = Wm25pc20); 

 

Wm25p1 = Wm25pc19p1 + Wm25pc20p1; 

 

Wm25pc19 = Wm25pc19p1; 

Wm25pc20 = Wm25pc20p1; 

 

TRCm25pc19p1 = Wm25pc19p1 * (0.1 * d_19p + 0.5); 

TRCm25pc20p1 = Wm25pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm25pc19p1 = Wm25pc19p1 * f_CO2 * d_19p; 

GHGm25pc20p1 = Wm25pc20p1 * f_CO2 * d_20p; 

 

!M26(PFAD); 

@FOR(M(I)|I#EQ#26: Ytot = Wm26p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2619 = Wm26pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2620 = Wm26pc20); 

 

Wm26p1 = Wm26pc19p1 + Wm26pc20p1; 

 

Wm26pc19 = Wm26pc19p1; 

Wm26pc20 = Wm26pc20p1; 

 

TRCm26pc19p1 = Wm26pc19p1 * (0.1 * d_19p + 0.5); 

TRCm26pc20p1 = Wm26pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm26pc19p1 = Wm26pc19p1 * f_CO2 * d_19p; 

GHGm26pc20p1 = Wm26pc20p1 * f_CO2 * d_20p; 

 

!M27(RBDPKO); 

@FOR(M(I)|I#EQ#27: Ytot = Wm27p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2719 = Wm27pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2720 = Wm27pc20); 

 

Wm27p1 = Wm27pc19p1 + Wm27pc20p1; 

 

Wm27pc19 = Wm27pc19p1; 

Wm27pc20 = Wm27pc20p1; 

 

TRCm27pc19p1 = Wm27pc19p1 * (0.1 * d_19p + 0.5); 

TRCm27pc20p1 = Wm27pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm27pc19p1 = Wm27pc19p1 * f_CO2 * d_19p; 

GHGm27pc20p1 = Wm27pc20p1 * f_CO2 * d_20p; 

 

!M28(RBDPKOL); 

@FOR(M(I)|I#EQ#28: Ytot = Wm28p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2819 = Wm28pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2820 = Wm28pc20); 
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Wm28p1 = Wm28pc19p1 + Wm28pc20p1; 

 

Wm28pc19 = Wm28pc19p1; 

Wm28pc20 = Wm28pc20p1; 

 

TRCm28pc19p1 = Wm28pc19p1 * (0.1 * d_19p + 0.5); 

TRCm28pc20p1 = Wm28pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm28pc19p1 = Wm28pc19p1 * f_CO2 * d_19p; 

GHGm28pc20p1 = Wm28pc20p1 * f_CO2 * d_20p; 

 

!M29(RBDPKS); 

@FOR(M(I)|I#EQ#29: Ytot = Wm29p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_2919 = Wm29pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_2920 = Wm29pc20); 

 

Wm29p1 = Wm29pc19p1 + Wm29pc20p1; 

 

Wm29pc19 = Wm29pc19p1; 

Wm29pc20 = Wm29pc20p1; 

 

TRCm29pc19p1 = Wm29pc19p1 * (0.1 * d_19p + 0.5); 

TRCm29pc20p1 = Wm29pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm29pc19p1 = Wm29pc19p1 * f_CO2 * d_19p; 

GHGm29pc20p1 = Wm29pc20p1 * f_CO2 * d_20p; 

 

!M30(RBDPKS); 

@FOR(M(I)|I#EQ#30: Ytot = Wm30p1); 

 

@FOR(PC(J)|J#EQ#19 : Xtot * a_3019 = Wm30pc19); 

@FOR(PC(J)|J#EQ#20 : Xtot * a_3020 = Wm30pc20); 

 

Wm30p1 = Wm30pc19p1 + Wm30pc20p1; 

 

Wm30pc19 = Wm30pc19p1; 

Wm30pc20 = Wm30pc20p1; 

 

TRCm30pc19p1 = Wm30pc19p1 * (0.1 * d_19p + 0.5); 

TRCm30pc20p1 = Wm30pc20p1 * (0.1 * d_20p + 0.5); 

 

GHGm30pc19p1 = Wm30pc19p1 * f_CO2 * d_19p; 

GHGm30pc20p1 = Wm30pc20p1 * f_CO2 * d_20p; 

 

!TRANSPORTATION COST, TRC; 

TRCpc1  = (TRCm2p1pc1 + TRCm3p1pc1 + TRCm4p1pc1 + TRCm5p1pc1 + TRCm6p1pc1 + 

TRCm6pc1p1 + TRCM6pc9pc1 + TRCM6pc10pc1 + TRCM6pc11pc1 + TRCM6pc12pc1 + 

TRCM6pc13pc1 + TRCM6pc14pc1 + TRCM6pc15pc1) / 1000000; 

TRCpc2  = (TRCm2p1pc2 + TRCm3p1pc2 + TRCm4p1pc2 + TRCm5p1pc2 + TRCm6p1pc2 + 

TRCm6pc2p1 + TRCM6pc9pc2 + TRCM6pc10pc2 + TRCM6pc11pc2 + TRCM6pc12pc2 + 

TRCM6pc13pc2 + TRCM6pc14pc2 + TRCM6pc15pc2) / 1000000; 

TRCpc3  = (TRCm2p1pc3 + TRCm3p1pc3 + TRCm4p1pc3 + TRCm5p1pc3 + TRCm6p1pc3 + 

TRCm6pc3p1 + TRCM6pc9pc3 + TRCM6pc10pc3 + TRCM6pc11pc3 + TRCM6pc12pc3 + 

TRCM6pc13pc3 + TRCM6pc14pc3 + TRCM6pc15pc3) / 1000000; 

TRCpc4  = (TRCm2p1pc4 + TRCm3p1pc4 + TRCm4p1pc4 + TRCm5p1pc4 + TRCm6p1pc4 + 

TRCm6pc4p1 + TRCM6pc9pc4 + TRCM6pc10pc4 + TRCM6pc11pc4 + TRCM6pc12pc4 + 

TRCM6pc13pc4 + TRCM6pc14pc4 + TRCM6pc15pc4) / 1000000; 

TRCpc5  = (TRCm2p1pc5 + TRCm3p1pc5 + TRCm4p1pc5 + TRCm5p1pc5 + TRCm6p1pc5 + 

TRCm6pc5p1 + TRCM6pc9pc5 + TRCM6pc10pc5 + TRCM6pc11pc5 + TRCM6pc12pc5 + 

TRCM6pc13pc5 + TRCM6pc14pc5 + TRCM6pc15pc5) / 1000000; 

TRCpc6  = (TRCm2p1pc6 + TRCm3p1pc6 + TRCm4p1pc6 + TRCm5p1pc6 + TRCm6p1pc6 + 

TRCm6pc6p1 + TRCM6pc9pc6 + TRCM6pc10pc6 + TRCM6pc11pc6 + TRCM6pc12pc6 + 

TRCM6pc13pc6 + TRCM6pc14pc6 + TRCM6pc15pc6) / 1000000; 

TRCpc7  = (TRCm2p1pc7 + TRCm3p1pc7 + TRCm4p1pc7 + TRCm5p1pc7 + TRCm6p1pc7 + 

TRCm6pc7p1 + TRCM6pc9pc7 + TRCM6pc10pc7 + TRCM6pc11pc7 + TRCM6pc12pc7 + 

TRCM6pc13pc7 + TRCM6pc14pc7 + TRCM6pc15pc7) / 1000000; 
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TRCpc8  = (TRCm2p1pc8 + TRCm3p1pc8 + TRCm4p1pc8 + TRCm5p1pc8 + TRCm6p1pc8 + 

TRCm6pc8p1 + TRCM6pc9pc8 + TRCM6pc10pc8 + TRCM6pc11pc8 + TRCM6pc12pc8 + 

TRCM6pc13pc8 + TRCM6pc14pc8 + TRCM6pc15pc8) / 1000000; 

TRCpc9  = (TRCm7pc1pc9  + TRCm7pc2pc9  + TRCm7pc3pc9  + TRCm7pc4pc9  + TRCm7pc5pc9  

+ TRCm7pc6pc9  + TRCm7pc7pc9  + TRCm7pc8pc9  + TRCm10pc9p1  + TRCm10pc9pc19  + 

TRCm10pc9pc20  + TRCm11pc9pc16  + TRCm11pc9pc17  + TRCm11pc9pc18  + TRCm12pc9p1  + 

TRCm13pc9p1  + TRCm19pc9p1  + TRCm20pc9p1 ) / 1000000;  

TRCpc10 = (TRCm7pc1pc10 + TRCm7pc2pc10 + TRCm7pc3pc10 + TRCm7pc4pc10 + TRCm7pc5pc10 

+ TRCm7pc6pc10 + TRCm7pc7pc10 + TRCm7pc8pc10 + TRCm10pc10p1 + TRCm10pc10pc19 + 

TRCm10pc10pc20 + TRCm11pc10pc16 + TRCm11pc10pc17 + TRCm11pc10pc18 + TRCm12pc10p1 + 

TRCm13pc10p1 + TRCm19pc10p1 + TRCm20pc10p1) / 1000000; 

TRCpc11 = (TRCm7pc1pc11 + TRCm7pc2pc11 + TRCm7pc3pc11 + TRCm7pc4pc11 + TRCm7pc5pc11 

+ TRCm7pc6pc11 + TRCm7pc7pc11 + TRCm7pc8pc11 + TRCm10pc11p1 + TRCm10pc11pc19 + 

TRCm10pc11pc20 + TRCm11pc11pc16 + TRCm11pc11pc17 + TRCm11pc11pc18 + TRCm12pc11p1 + 

TRCm13pc11p1 + TRCm19pc11p1 + TRCm20pc11p1) / 1000000; 

TRCpc12 = (TRCm7pc1pc12 + TRCm7pc2pc12 + TRCm7pc3pc12 + TRCm7pc4pc12 + TRCm7pc5pc12 

+ TRCm7pc6pc12 + TRCm7pc7pc12 + TRCm7pc8pc12 + TRCm10pc12p1 + TRCm10pc12pc19 + 

TRCm10pc12pc20 + TRCm11pc12pc16 + TRCm11pc12pc17 + TRCm11pc12pc18 + TRCm12pc12p1 + 

TRCm13pc12p1 + TRCm19pc12p1 + TRCm20pc12p1) / 1000000; 

TRCpc13 = (TRCm7pc1pc13 + TRCm7pc2pc13 + TRCm7pc3pc13 + TRCm7pc4pc13 + TRCm7pc5pc13 

+ TRCm7pc6pc13 + TRCm7pc7pc13 + TRCm7pc8pc13 + TRCm10pc13p1 + TRCm10pc13pc19 + 

TRCm10pc13pc20 + TRCm11pc13pc16 + TRCm11pc13pc17 + TRCm11pc13pc18 + TRCm12pc13p1 + 

TRCm13pc13p1 + TRCm19pc13p1 + TRCm20pc13p1) / 1000000; 

TRCpc14 = (TRCm7pc1pc14 + TRCm7pc2pc14 + TRCm7pc3pc14 + TRCm7pc4pc14 + TRCm7pc5pc14 

+ TRCm7pc6pc14 + TRCm7pc7pc14 + TRCm7pc8pc14 + TRCm10pc14p1 + TRCm10pc14pc19 + 

TRCm10pc14pc20 + TRCm11pc14pc16 + TRCm11pc14pc17 + TRCm11pc14pc18 + TRCm12pc14p1 + 

TRCm13pc14p1 + TRCm19pc14p1 + TRCm20pc14p1) / 1000000; 

TRCpc15 = (TRCm7pc1pc15 + TRCm7pc2pc15 + TRCm7pc3pc15 + TRCm7pc4pc15 + TRCm7pc5pc15 

+ TRCm7pc6pc15 + TRCm7pc7pc15 + TRCm7pc8pc15 + TRCm10pc15p1 + TRCm10pc15pc19 + 

TRCm10pc15pc20 + TRCm11pc15pc16 + TRCm11pc15pc17 + TRCm11pc15pc18 + TRCm12pc15p1 + 

TRCm13pc15p1 + TRCm19pc15p1 + TRCm20pc15p1) / 1000000; 

TRCpc16 = (TRCm21pc16p1 + TRCm21pc16pc19 + TRCm21pc16pc20 + TRCm22pc16p1) / 

1000000; 

TRCpc17 = (TRCm21pc17p1 + TRCm21pc17pc19 + TRCm21pc17pc20 + TRCm22pc17p1) / 

1000000; 

TRCpc18 = (TRCm21pc18p1 + TRCm21pc18pc19 + TRCm21pc18pc20 + TRCm22pc18p1) / 

1000000; 

TRCpc19 = (TRCm24pc19p1 + TRCm25pc19p1 + TRCm26pc19p1 + TRCm27pc19p1 + TRCm28pc19p1 

+ TRCm29pc19p1 + TRCm30pc19p1) / 1000000; 

TRCpc20 = (TRCm24pc20p1 + TRCm25pc20p1 + TRCm26pc20p1 + TRCm27pc20p1 + TRCm28pc20p1 

+ TRCm29pc20p1 + TRCm30pc20p1) / 1000000; 

 

TRCtot = TRCpc1 + TRCpc2 + TRCpc3 + TRCpc4 + TRCpc5 + TRCpc6 + TRCpc7 + TRCpc8 + 

TRCpc9 + TRCpc10 + TRCpc11 + TRCpc12 + TRCpc13 + TRCpc14 + TRCpc15 + TRCpc16 + 

TRCpc17 + TRCpc18 + TRCpc19 + TRCpc20; 

 

!TRANSPORTATION GHG, TRGHG; 

TRGHGpc1  = GHGm2p1pc1 + GHGm3p1pc1 + GHGm4p1pc1 + GHGm5p1pc1 + GHGm6p1pc1 + 

GHGm6pc1p1 + GHGm6pc9pc1 + GHGm6pc10pc1 + GHGm6pc11pc1 + GHGm6pc12pc1 + 

GHGm6pc13pc1 + GHGm6pc14pc1 + GHGm6pc15pc1; 

TRGHGpc2  = GHGm2p1pc2 + GHGm3p1pc2 + GHGm4p1pc2 + GHGm5p1pc2 + GHGm6p1pc2 + 

GHGm6pc2p1 + GHGm6pc9pc2 + GHGm6pc10pc2 + GHGm6pc11pc2 + GHGm6pc12pc2 + 

GHGm6pc13pc2 + GHGm6pc14pc2 + GHGm6pc15pc2; 

TRGHGpc3  = GHGm2p1pc3 + GHGm3p1pc3 + GHGm4p1pc3 + GHGm5p1pc3 + GHGm6p1pc3 + 

GHGm6pc3p1 + GHGm6pc9pc3 + GHGm6pc10pc3 + GHGm6pc11pc3 + GHGm6pc12pc3 + 

GHGm6pc13pc3 + GHGm6pc14pc3 + GHGm6pc15pc3; 

TRGHGpc4  = GHGm2p1pc4 + GHGm3p1pc4 + GHGm4p1pc4 + GHGm5p1pc4 + GHGm6p1pc4 + 

GHGm6pc4p1 + GHGm6pc9pc4 + GHGm6pc10pc4 + GHGm6pc11pc4 + GHGm6pc12pc4 + 

GHGm6pc13pc4 + GHGm6pc14pc4 + GHGm6pc15pc4; 

TRGHGpc5  = GHGm2p1pc5 + GHGm3p1pc5 + GHGm4p1pc5 + GHGm5p1pc5 + GHGm6p1pc5 + 

GHGm6pc5p1 + GHGm6pc9pc5 + GHGm6pc10pc5 + GHGm6pc11pc5 + GHGm6pc12pc5 + 

GHGm6pc13pc5 + GHGm6pc14pc5 + GHGm6pc15pc5; 

TRGHGpc6  = GHGm2p1pc6 + GHGm3p1pc6 + GHGm4p1pc6 + GHGm5p1pc6 + GHGm6p1pc6 + 

GHGm6pc6p1 + GHGm6pc9pc6 + GHGm6pc10pc6 + GHGm6pc11pc6 + GHGm6pc12pc6 + 

GHGm6pc13pc6 + GHGm6pc14pc6 + GHGm6pc15pc6; 

TRGHGpc7  = GHGm2p1pc7 + GHGm3p1pc7 + GHGm4p1pc7 + GHGm5p1pc7 + GHGm6p1pc7 + 

GHGm6pc7p1 + GHGm6pc9pc7 + GHGm6pc10pc7 + GHGm6pc11pc7 + GHGm6pc12pc7 + 

GHGm6pc13pc7 + GHGm6pc14pc7 + GHGm6pc15pc7; 
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TRGHGpc8  = GHGm2p1pc8 + GHGm3p1pc8 + GHGm4p1pc8 + GHGm5p1pc8 + GHGm6p1pc8 + 

GHGm6pc8p1 + GHGm6pc9pc8 + GHGm6pc10pc8 + GHGm6pc11pc8 + GHGm6pc12pc8 + 

GHGm6pc13pc8 + GHGm6pc14pc8 + GHGm6pc15pc8; 

TRGHGpc9  = GHGm7pc1pc9  + GHGm7pc2pc9  + GHGm7pc3pc9  + GHGm7pc4pc9  + GHGm7pc5pc9  

+ GHGm7pc6pc9  + GHGm7pc7pc9  + GHGm7pc8pc9  + GHGm10pc9p1  + GHGm10pc9pc19  + 

GHGm10pc9pc20  + GHGm11pc9pc16  + GHGm11pc9pc17  + GHGm11pc9pc18  + GHGm12pc9p1  + 

GHGm13pc9p1  + GHGm19pc9p1  + GHGm20pc9p1;  

TRGHGpc10 = GHGm7pc1pc10 + GHGm7pc2pc10 + GHGm7pc3pc10 + GHGm7pc4pc10 + 

GHGm7pc5pc10 + GHGm7pc6pc10 + GHGm7pc7pc10 + GHGm7pc8pc10 + GHGm10pc10p1 + 

GHGm10pc10pc19 + GHGm10pc10pc20 + GHGm11pc10pc16 + GHGm11pc10pc17 + GHGm11pc10pc18 

+ GHGm12pc10p1 + GHGm13pc10p1 + GHGm19pc10p1 + GHGm20pc10p1; 

TRGHGpc11 = GHGm7pc1pc11 + GHGm7pc2pc11 + GHGm7pc3pc11 + GHGm7pc4pc11 + 

GHGm7pc5pc11 + GHGm7pc6pc11 + GHGm7pc7pc11 + GHGm7pc8pc11 + GHGm10pc11p1 + 

GHGm10pc11pc19 + GHGm10pc11pc20 + GHGm11pc11pc16 + GHGm11pc11pc17 + GHGm11pc11pc18 

+ GHGm12pc11p1 + GHGm13pc11p1 + GHGm19pc11p1 + GHGm20pc11p1; 

TRGHGpc12 = GHGm7pc1pc12 + GHGm7pc2pc12 + GHGm7pc3pc12 + GHGm7pc4pc12 + 

GHGm7pc5pc12 + GHGm7pc6pc12 + GHGm7pc7pc12 + GHGm7pc8pc12 + GHGm10pc12p1 + 

GHGm10pc12pc19 + GHGm10pc12pc20 + GHGm11pc12pc16 + GHGm11pc12pc17 + GHGm11pc12pc18 

+ GHGm12pc12p1 + GHGm13pc12p1 + GHGm19pc12p1 + GHGm20pc12p1; 

TRGHGpc13 = GHGm7pc1pc13 + GHGm7pc2pc13 + GHGm7pc3pc13 + GHGm7pc4pc13 + 

GHGm7pc5pc13 + GHGm7pc6pc13 + GHGm7pc7pc13 + GHGm7pc8pc13 + GHGm10pc13p1 + 

GHGm10pc13pc19 + GHGm10pc13pc20 + GHGm11pc13pc16 + GHGm11pc13pc17 + GHGm11pc13pc18 

+ GHGm12pc13p1 + GHGm13pc13p1 + GHGm19pc13p1 + GHGm20pc13p1; 

TRGHGpc14 = GHGm7pc1pc14 + GHGm7pc2pc14 + GHGm7pc3pc14 + GHGm7pc4pc14 + 

GHGm7pc5pc14 + GHGm7pc6pc14 + GHGm7pc7pc14 + GHGm7pc8pc14 + GHGm10pc14p1 + 

GHGm10pc14pc19 + GHGm10pc14pc20 + GHGm11pc14pc16 + GHGm11pc14pc17 + GHGm11pc14pc18 

+ GHGm12pc14p1 + GHGm13pc14p1 + GHGm19pc14p1 + GHGm20pc14p1; 

TRGHGpc15 = GHGm7pc1pc15 + GHGm7pc2pc15 + GHGm7pc3pc15 + GHGm7pc4pc15 + 

GHGm7pc5pc15 + GHGm7pc6pc15 + GHGm7pc7pc15 + GHGm7pc8pc15 + GHGm10pc15p1 + 

GHGm10pc15pc19 + GHGm10pc15pc20 + GHGm11pc15pc16 + GHGm11pc15pc17 + GHGm11pc15pc18 

+ GHGm12pc15p1 + GHGm13pc15p1 + GHGm19pc15p1 + GHGm20pc15p1; 

TRGHGpc16 = GHGm21pc16p1 + GHGm21pc16pc19 + GHGm21pc16pc20 + GHGm22pc16p1; 

TRGHGpc17 = GHGm21pc17p1 + GHGm21pc17pc19 + GHGm21pc17pc20 + GHGm22pc17p1; 

TRGHGpc18 = GHGm21pc18p1 + GHGm21pc18pc19 + GHGm21pc18pc20 + GHGm22pc18p1; 

TRGHGpc19 = GHGm24pc19p1 + GHGm25pc19p1 + GHGm26pc19p1 + GHGm27pc19p1 + 

GHGm28pc19p1 + GHGm29pc19p1 + GHGm30pc19p1; 

TRGHGpc20 = GHGm24pc20p1 + GHGm25pc20p1 + GHGm26pc20p1 + GHGm27pc20p1 + 

GHGm28pc20p1 + GHGm29pc20p1 + GHGm30pc20p1; 

 

TRGHG = TRGHGpc1 + TRGHGpc2 + TRGHGpc3 + TRGHGpc4 + TRGHGpc5 + TRGHGpc6 + TRGHGpc7 

+ TRGHGpc8 + TRGHGpc9 + TRGHGpc10 + TRGHGpc11 + TRGHGpc12 + TRGHGpc13 + TRGHGpc14 + 

TRGHGpc15 + TRGHGpc16 + TRGHGpc17 + TRGHGpc18 + TRGHGpc19 + TRGHGpc20; 

 

!OBJECTIVE FUNCTION; 

!Max = EPtot; 

Max = LAMDA; 

LAMDA <= ((EPtot - 216.162797957682)/(220.181901433505 - 216.162797957682)); 

LAMDA <= ((CItot - 8)/(28 - 8)); 

EPtot  = GPtot - TAC;  

GPtot  = @SUM(M(I): Ytot(I) * Cm(I)) / 1000000 - TRCtot - OPEX; @FREE(GPtot); 

@FOR(M(I)|I#EQ#8: Ytot(I) + TRGHG = GHGtot);  

 

DATA: 

Yu,Yl,Cm,Xu,Xl,CC,OC,A_POVC,f_CO2, Wmin_m7, 

a_21,a_22,a_23,a_24,a_25,a_26,a_27,a_28, 

a_31,a_32,a_33,a_34,a_35,a_36,a_37,a_38, 

a_41,a_42,a_43,a_44,a_45,a_46,a_47,a_48, 

a_51,a_52,a_53,a_54,a_55,a_56,a_57,a_58  

a_61,a_62,a_63,a_64,a_65,a_66,a_67,a_68,a_69,a_610,a_611,a_612,a_613,a_614,a_615, 

a_71,a_72,a_73,a_74,a_75,a_76,a_77,a_78,a_79,a_710,a_711,a_712,a_713,a_714,a_715, 

a_109,a_1010,a_1011,a_1012,a_1013,a_1014,a_1015,a_1019,a_1020, 

a_119,a_1110,a_1111,a_1112,a_1113,a_1114,a_1115,a_1116,a_1117,a_1118, 

a_129,a_1210,a_1211,a_1212,a_1213,a_1214,a_1215, 

a_139,a_1310,a_1311,a_1312,a_1313,a_1314,a_1315, 

a_199,a_1910,a_1911,a_1912,a_1913,a_1914,a_1915, 

a_209,a_2010,a_2011,a_2012,a_2013,a_2014,a_2015, 

a_2116,a_2117,a_2118,a_2119,a_2120, 

a_2216,a_2217,a_2218,a_2419,a_2420, 
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a_2519,a_2520,a_2619,a_2620,a_2719,a_2720,a_2819,a_2820,a_2919,a_2920,a_3019,a_3020

,d_11,d_12,d_13,d_14,d_15,d_16,d_17,d_1p, 

d_21,d_22,d_23,d_24,d_25,d_26,d_27,d_2p, 

d_31,d_32,d_33,d_34,d_35,d_36,d_37,d_3p, 

d_41,d_42,d_43,d_44,d_45,d_46,d_47,d_4p, 

d_51,d_52,d_53,d_54,d_55,d_56,d_57,d_5p, 

d_61,d_62,d_63,d_64,d_65,d_66,d_67,d_6p, 

d_71,d_72,d_73,d_74,d_75,d_76,d_77,d_7p, 

d_81,d_82,d_83,d_84,d_85,d_86,d_87,d_8p, 

d_98,d_99,d_910,d_911,d_912,d_9p, 

d_108,d_109,d_1010,d_1011,d_1012,d_10p, 

d_118,d_119,d_1110,d_1111,d_1112,d_11p, 

d_128,d_129,d_1210,d_1211,d_1212,d_12p, 

d_138,d_139,d_1310,d_1311,d_1312,d_13p, 

d_148,d_149,d_1410,d_1411,d_1412,d_14p, 

d_158,d_159,d_1510,d_1511,d_1512,d_15p, 

d_1611,d_1612,d_16p, 

d_1711,d_1712,d_17p, 

d_1811,d_1812,d_18p, 

d_19p,d_20p 

= @OLE('', 

'Yu','Yl','Cm','Xu','Xl','CC','OC','A_POVC','f_CO2','Wmin_m7', 

'a_21','a_22','a_23','a_24','a_25','a_26','a_27','a_28', 

'a_31','a_32','a_33','a_34','a_35','a_36','a_37','a_38', 

'a_41','a_42','a_43','a_44','a_45','a_46','a_47','a_48', 

'a_51','a_52','a_53','a_54','a_55','a_56','a_57','a_58', 

'a_61','a_62','a_63','a_64','a_65','a_66','a_67','a_68','a_69','a_610','a_611','a_6

12','a_613','a_614','a_615', 

'a_71','a_72','a_73','a_74','a_75','a_76','a_77','a_78','a_79','a_710','a_711','a_7

12','a_713','a_714','a_715', 

'a_109','a_1010','a_1011','a_1012','a_1013','a_1014','a_1015','a_1019','a_1020', 

'a_119','a_1110','a_1111','a_1112','a_1113','a_1114','a_1115','a_1116','a_1117','a_

1118', 

'a_129','a_1210','a_1211','a_1212','a_1213','a_1214','a_1215', 

'a_139','a_1310','a_1311','a_1312','a_1313','a_1314','a_1315', 

'a_149','a_1410','a_1411','a_1412','a_1413','a_1414','a_1415', 

'a_209','a_2010','a_2011','a_2012','a_2013','a_2014','a_2015', 

'a_2116','a_2117','a_2118','a_2119','a_2120', 

'a_2216','a_2217','a_2218','a_2419','a_2420', 

'a_2519','a_2520','a_2619','a_2620','a_2719','a_2720','a_2819','a_2820','a_2919','a

_2920','a_3019','a_3020', 

'd_11','d_12','d_13','d_14','d_15','d_16','d_17','d_1p', 

'd_21','d_22','d_23','d_24','d_25','d_26','d_27','d_2p', 

'd_31','d_32','d_33','d_34','d_35','d_36','d_37','d_3p', 

'd_41','d_42','d_43','d_44','d_45','d_46','d_47','d_4p', 

'd_51','d_52','d_53','d_54','d_55','d_56','d_57','d_5p', 

'd_61','d_62','d_63','d_64','d_65','d_66','d_67','d_6p', 

'd_71','d_72','d_73','d_74','d_75','d_76','d_77','d_7p', 

'd_81','d_82','d_83','d_84','d_85','d_86','d_87','d_8p', 

'd_98','d_99','d_910','d_911','d_912','d_9p', 

'd_108','d_109','d_1010','d_1011','d_1012','d_10p', 

'd_118','d_119','d_1110','d_1111','d_1112','d_11p', 

'd_128','d_129','d_1210','d_1211','d_1212','d_12p', 

'd_138','d_139','d_1310','d_1311','d_1312','d_13p', 

'd_148','d_149','d_1410','d_1411','d_1412','d_14p', 

'd_158','d_159','d_1510','d_1511','d_1512','d_15p', 

'd_1611','d_1612','d_16p', 

'd_1711','d_1712','d_17p', 

'd_1811','d_1812','d_18p', 

'd_19p','d_20p'); 

 

@OLE('', 

'Xtot','Ytot','EPtot','GPtot','TAC','GHGtot', 

'Wm6p1pc1','Wm6p1pc2','Wm6p1pc3','Wm6p1pc4','Wm6p1pc5','Wm6p1pc6','Wm6p1pc7','Wm6p1

pc8', 

'Wm6pc9pc1','Wm6pc10pc1','Wm6pc11pc1','Wm6pc12pc1','Wm6pc13pc1','Wm6pc14pc1','Wm6pc

15pc1', 
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'Wm6pc9pc2','Wm6pc10pc2','Wm6pc11pc2','Wm6pc12pc2','Wm6pc13pc2','Wm6pc14pc2','Wm6pc

15pc2', 

'Wm6pc9pc3','Wm6pc10pc3','Wm6pc11pc3','Wm6pc12pc3','Wm6pc13pc3','Wm6pc14pc3','Wm6pc

15pc3', 

'Wm6pc9pc4','Wm6pc10pc4','Wm6pc11pc4','Wm6pc12pc4','Wm6pc13pc4','Wm6pc14pc4','Wm6pc

15pc4', 

'Wm6pc9pc5','Wm6pc10pc5','Wm6pc11pc5','Wm6pc12pc5','Wm6pc13pc5','Wm6pc14pc5','Wm6pc

15pc5', 

'Wm6pc9pc6','Wm6pc10pc6','Wm6pc11pc6','Wm6pc12pc6','Wm6pc13pc6','Wm6pc14pc6','Wm6pc

15pc6', 

'Wm6pc9pc7','Wm6pc10pc7','Wm6pc11pc7','Wm6pc12pc7','Wm6pc13pc7','Wm6pc14pc7','Wm6pc

15pc7', 

'Wm6pc9pc8','Wm6pc10pc8','Wm6pc11pc8','Wm6pc12pc8','Wm6pc13pc8','Wm6pc14pc8','Wm6pc

15pc8', 

'Wm7pc1pc9','Wm7pc1pc10','Wm7pc1pc11','Wm7pc1pc12','Wm7pc1pc13','Wm7pc1pc14','Wm7pc

1pc15', 

'Wm7pc2pc9','Wm7pc2pc10','Wm7pc2pc11','Wm7pc2pc12','Wm7pc2pc13','Wm7pc2pc14','Wm7pc

2pc15', 

'Wm7pc3pc9','Wm7pc3pc10','Wm7pc3pc11','Wm7pc3pc12','Wm7pc3pc13','Wm7pc3pc14','Wm7pc

3pc15', 

'Wm7pc4pc9','Wm7pc4pc10','Wm7pc4pc11','Wm7pc4pc12','Wm7pc4pc13','Wm7pc4pc14','Wm7pc

4pc15', 

'Wm7pc5pc9','Wm7pc5pc10','Wm7pc5pc11','Wm7pc5pc12','Wm7pc5pc13','Wm7pc5pc14','Wm7pc

5pc15', 

'Wm7pc6pc9','Wm7pc6pc10','Wm7pc6pc11','Wm7pc6pc12','Wm7pc6pc13','Wm7pc6pc14','Wm7pc

6pc15', 

'Wm7pc7pc9','Wm7pc7pc10','Wm7pc7pc11','Wm7pc7pc12','Wm7pc7pc13','Wm7pc7pc14','Wm7pc

7pc15', 

'Wm7pc8pc9','Wm7pc8pc10','Wm7pc8pc11','Wm7pc8pc12','Wm7pc8pc13','Wm7pc8pc14','Wm7pc

8pc15', 

'Wm10pc9p1','Wm10pc9pc19','Wm10pc9pc20', 

'Wm10pc10p1','Wm10pc10pc19','Wm10pc10pc20', 

'Wm10pc11p1','Wm10pc11pc19','Wm10pc11pc20', 

'Wm10pc12p1','Wm10pc12pc19','Wm10pc12pc20', 

'Wm10pc13p1','Wm10pc13pc19','Wm10pc13pc20', 

'Wm10pc14p1','Wm10pc14pc19','Wm10pc14pc20', 

'Wm10pc15p1','Wm10pc15pc19','Wm10pc15pc20', 

'Wm21pc16p1','Wm21pc16pc19','Wm21pc16pc20', 

'Wm21pc17p1','Wm21pc17pc19','Wm21pc17pc20', 

'Wm21pc18p1','Wm21pc18pc19','Wm21pc18pc20', 

'TRCtot','TRCpc1','TRCpc2','TRCpc3','TRCpc4','TRCpc5','TRCpc6','TRCpc7','TRCpc8','T

RCpc9','TRCpc10', 

'TRCpc11','TRCpc12','TRCpc13','TRCpc14','TRCpc15','TRCpc16','TRCpc17','TRCpc18','TR

Cpc19','TRCpc20', 

'TRGHG','TRGHGpc1','TRGHGpc2','TRGHGpc3','TRGHGpc4','TRGHGpc5','TRGHGpc6','TRGHGpc7

','TRGHGpc8','TRGHGpc9','TRGHGpc10', 

'TRGHGpc11','TRGHGpc12','TRGHGpc13','TRGHGpc14','TRGHGpc15','TRGHGpc16','TRGHGpc17'

,'TRGHGpc18','TRGHGpc19','TRGHGpc20', 

'GHGtot', 

'CIpc1','CIpc2','CIpc3','CIpc4','CIpc5','CIpc6','CIpc7','CIpc8','CItot')=  

Xtot,Ytot,EPtot,GPtot,TAC,GHGtot, 

Wm6p1pc1,Wm6p1pc2,Wm6p1pc3,Wm6p1pc4,Wm6p1pc5,Wm6p1pc6,Wm6p1pc7,Wm6p1pc8, 

Wm6pc9pc1,Wm6pc10pc1,Wm6pc11pc1,Wm6pc12pc1,Wm6pc13pc1,Wm6pc14pc1,Wm6pc15pc1, 

Wm6pc9pc2,Wm6pc10pc2,Wm6pc11pc2,Wm6pc12pc2,Wm6pc13pc2,Wm6pc14pc2,Wm6pc15pc2, 

Wm6pc9pc3,Wm6pc10pc3,Wm6pc11pc3,Wm6pc12pc3,Wm6pc13pc3,Wm6pc14pc3,Wm6pc15pc3, 

Wm6pc9pc4,Wm6pc10pc4,Wm6pc11pc4,Wm6pc12pc4,Wm6pc13pc4,Wm6pc14pc4,Wm6pc15pc4, 

Wm6pc9pc5,Wm6pc10pc5,Wm6pc11pc5,Wm6pc12pc5,Wm6pc13pc5,Wm6pc14pc5,Wm6pc15pc5, 

Wm6pc9pc6,Wm6pc10pc6,Wm6pc11pc6,Wm6pc12pc6,Wm6pc13pc6,Wm6pc14pc6,Wm6pc15pc6, 

Wm6pc9pc7,Wm6pc10pc7,Wm6pc11pc7,Wm6pc12pc7,Wm6pc13pc7,Wm6pc14pc7,Wm6pc15pc7, 

Wm6pc9pc8,Wm6pc10pc8,Wm6pc11pc8,Wm6pc12pc8,Wm6pc13pc8,Wm6pc14pc8,Wm6pc15pc8, 

Wm7pc1pc9,Wm7pc1pc10,Wm7pc1pc11,Wm7pc1pc12,Wm7pc1pc13,Wm7pc1pc14,Wm7pc1pc15, 

Wm7pc2pc9,Wm7pc2pc10,Wm7pc2pc11,Wm7pc2pc12,Wm7pc2pc13,Wm7pc2pc14,Wm7pc2pc15, 

Wm7pc3pc9,Wm7pc3pc10,Wm7pc3pc11,Wm7pc3pc12,Wm7pc3pc13,Wm7pc3pc14,Wm7pc3pc15, 

Wm7pc4pc9,Wm7pc4pc10,Wm7pc4pc11,Wm7pc4pc12,Wm7pc4pc13,Wm7pc4pc14,Wm7pc4pc15, 

Wm7pc5pc9,Wm7pc5pc10,Wm7pc5pc11,Wm7pc5pc12,Wm7pc5pc13,Wm7pc5pc14,Wm7pc5pc15, 

Wm7pc6pc9,Wm7pc6pc10,Wm7pc6pc11,Wm7pc6pc12,Wm7pc6pc13,Wm7pc6pc14,Wm7pc6pc15, 

Wm7pc7pc9,Wm7pc7pc10,Wm7pc7pc11,Wm7pc7pc12,Wm7pc7pc13,Wm7pc7pc14,Wm7pc7pc15, 

Wm7pc8pc9,Wm7pc8pc10,Wm7pc8pc11,Wm7pc8pc12,Wm7pc8pc13,Wm7pc8pc14,Wm7pc8pc15, 
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Wm10pc9p1,Wm10pc9pc19,Wm10pc9pc20, 

Wm10pc10p1,Wm10pc10pc19,Wm10pc10pc20, 

Wm10pc11p1,Wm10pc11pc19,Wm10pc11pc20, 

Wm10pc12p1,Wm10pc12pc19,Wm10pc12pc20, 

Wm10pc13p1,Wm10pc13pc19,Wm10pc13pc20, 

Wm10pc14p1,Wm10pc14pc19,Wm10pc14pc20, 

Wm10pc15p1,Wm10pc15pc19,Wm10pc15pc20, 

Wm21pc16p1,Wm21pc16pc19,Wm21pc16pc20, 

Wm21pc17p1,Wm21pc17pc19,Wm21pc17pc20, 

Wm21pc18p1,Wm21pc18pc19,Wm21pc18pc20, 

TRCtot,TRCpc1,TRCpc2,TRCpc3,TRCpc4,TRCpc5,TRCpc6,TRCpc7,TRCpc8,TRCpc9,TRCpc10, 

TRCpc11,TRCpc12,TRCpc13,TRCpc14,TRCpc15,TRCpc16,TRCpc17,TRCpc18,TRCpc19,TRCpc20, 

TRGHG,TRGHGpc1,TRGHGpc2,TRGHGpc3,TRGHGpc4,TRGHGpc5,TRGHGpc6,TRGHGpc7,TRGHGpc8,TRGHG

pc9,TRGHGpc10, 

TRGHGpc11,TRGHGpc12,TRGHGpc13,TRGHGpc14,TRGHGpc15,TRGHGpc16,TRGHGpc17,TRGHGpc18,TRG

HGpc19,TRGHGpc20, 

GHGtot, 

CIpc1,CIpc2,CIpc3,CIpc4,CIpc5,CIpc6,CIpc7,CIpc8,CItot; 

 

ENDDATA 

 

END 

 

A.2.6.4. Scenario 2 (Results) 

  Global optimal solution found. 

  Objective value:                             0.6383481 

  Objective bound:                             0.6383481 

  Infeasibilities:                              0.000000 

  Extended solver steps:                              10 

  Total solver iterations:                           532 

  Elapsed runtime seconds:                          1.82 

 

  Model Class:                                     MINLP 

 

  Total variables:                   1079 

  Nonlinear variables:                112 

  Integer variables:                   56 

 

  Total constraints:                 1123 

  Nonlinear constraints:              239 

 

  Total nonzeros:                    3433 

  Nonlinear nonzeros:                 672 

 

                                Variable           Value        Reduced Cost 

                                     TAC        18.47074            0.000000 

                                    OPEX        35.40023            0.000000 

                               BM7PC1PC9        1.000000            0.000000 

                               WM7PC1PC9        206900.0            0.000000 

                              BM7PC1PC10        0.000000            0.000000 

                              WM7PC1PC10        0.000000            0.000000 

                              BM7PC1PC11        0.000000            0.000000 

                              WM7PC1PC11        0.000000            0.000000 

                              BM7PC1PC12        0.000000            0.000000 

                              WM7PC1PC12        0.000000            0.000000 

                              BM7PC1PC13        0.000000            0.000000 

                              WM7PC1PC13        0.000000            0.000000 

                              BM7PC1PC14        0.000000            0.000000 

                              WM7PC1PC14        0.000000            0.000000 

                              BM7PC1PC15        0.000000            0.000000 

                              WM7PC1PC15        0.000000            0.000000 

                               BM7PC2PC9        1.000000            0.000000 

                               WM7PC2PC9        50000.00            0.000000 

                              BM7PC2PC10        1.000000            0.000000 
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                              WM7PC2PC10        65520.00            0.000000 

                              BM7PC2PC11        1.000000            0.000000 

                              WM7PC2PC11        50000.00            0.000000 

                              BM7PC2PC12        0.000000            0.000000 

                              WM7PC2PC12        0.000000            0.000000 

                              BM7PC2PC13        0.000000            0.000000 

                              WM7PC2PC13        0.000000            0.000000 

                              BM7PC2PC14        0.000000            0.000000 

                              WM7PC2PC14        0.000000            0.000000 

                              BM7PC2PC15        0.000000            0.000000 

                              WM7PC2PC15        0.000000            0.000000 

                               BM7PC3PC9        1.000000            0.000000 

                               WM7PC3PC9        50000.00            0.000000 

                              BM7PC3PC10        1.000000            0.000000 

                              WM7PC3PC10        53450.00            0.000000 

                              BM7PC3PC11        0.000000            0.000000 

                              WM7PC3PC11        0.000000            0.000000 

                              BM7PC3PC12        0.000000            0.000000 

                              WM7PC3PC12        0.000000            0.000000 

                              BM7PC3PC13        0.000000            0.000000 

                              WM7PC3PC13        0.000000            0.000000 

                              BM7PC3PC14        0.000000            0.000000 

                              WM7PC3PC14        0.000000            0.000000 

                              BM7PC3PC15        0.000000            0.000000 

                              WM7PC3PC15        0.000000            0.000000 

                               BM7PC4PC9        0.000000            0.000000 

                               WM7PC4PC9        0.000000            0.000000 

                              BM7PC4PC10        1.000000            0.000000 

                              WM7PC4PC10        50000.00            0.000000 

                              BM7PC4PC11        1.000000            0.000000 

                              WM7PC4PC11        222420.0            0.000000 

                              BM7PC4PC12        1.000000            0.000000 

                              WM7PC4PC12        50000.00            0.000000 

                              BM7PC4PC13        1.000000            0.000000 

                              WM7PC4PC13        50000.00            0.000000 

                              BM7PC4PC14        0.000000            0.000000 

                              WM7PC4PC14        0.000000            0.000000 

                              BM7PC4PC15        0.000000            0.000000 

                              WM7PC4PC15        0.000000            0.000000 

                               BM7PC5PC9        0.000000            0.000000 

                               WM7PC5PC9        0.000000            0.000000 

                              BM7PC5PC10        1.000000            0.000000 

                              WM7PC5PC10        98280.00            0.000000 

                              BM7PC5PC11        1.000000            0.000000 

                              WM7PC5PC11        50000.00            0.000000 

                              BM7PC5PC12        1.000000            0.000000 

                              WM7PC5PC12        50000.00            0.000000 

                              BM7PC5PC13        1.000000            0.000000 

                              WM7PC5PC13        50000.00            0.000000 

                              BM7PC5PC14        0.000000            0.000000 

                              WM7PC5PC14        0.000000            0.000000 

                              BM7PC5PC15        0.000000            0.000000 

                              WM7PC5PC15        0.000000            0.000000 

                               BM7PC6PC9        0.000000            0.000000 

                               WM7PC6PC9        0.000000            0.000000 

                              BM7PC6PC10        0.000000            0.000000 

                              WM7PC6PC10        0.000000            0.000000 

                              BM7PC6PC11        0.000000            0.000000 

                              WM7PC6PC11        0.000000            0.000000 

                              BM7PC6PC12        0.000000            0.000000 

                              WM7PC6PC12        0.000000            0.000000 

                              BM7PC6PC13        1.000000            0.000000 

                              WM7PC6PC13        50000.00            0.000000 

                              BM7PC6PC14        1.000000            0.000000 

                              WM7PC6PC14        50000.00            0.000000 

                              BM7PC6PC15        1.000000            0.000000 

                              WM7PC6PC15        86210.00            0.000000 

                               BM7PC7PC9        0.000000            0.000000 
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                               WM7PC7PC9        0.000000            0.000000 

                              BM7PC7PC10        0.000000            0.000000 

                              WM7PC7PC10        0.000000            0.000000 

                              BM7PC7PC11        0.000000            0.000000 

                              WM7PC7PC11        0.000000            0.000000 

                              BM7PC7PC12        0.000000            0.000000 

                              WM7PC7PC12        0.000000            0.000000 

                              BM7PC7PC13        0.000000            0.000000 

                              WM7PC7PC13        0.000000            0.000000 

                              BM7PC7PC14        1.000000            0.000000 

                              WM7PC7PC14        50000.00            0.000000 

                              BM7PC7PC15        1.000000            0.000000 

                              WM7PC7PC15        115520.0            0.000000 

                               BM7PC8PC9        0.000000            0.000000 

                               WM7PC8PC9        0.000000            0.000000 

                              BM7PC8PC10        0.000000            0.000000 

                              WM7PC8PC10        0.000000            0.000000 

                              BM7PC8PC11        0.000000            0.000000 

                              WM7PC8PC11        0.000000            0.000000 

                              BM7PC8PC12        0.000000            0.000000 

                              WM7PC8PC12        0.000000            0.000000 

                              BM7PC8PC13        0.000000            0.000000 

                              WM7PC8PC13        0.000000            0.000000 

                              BM7PC8PC14        1.000000            0.000000 

                              WM7PC8PC14        74140.00            0.000000 

                              BM7PC8PC15        1.000000            0.000000 

                              WM7PC8PC15        50000.00            0.000000 

                                 WMIN_M7        50000.00            0.000000 

                                   CIPC1        1.000000            0.000000 

                                   CIPC2        3.000000            0.000000 

                                   CIPC3        2.000000            0.000000 

                                   CIPC4        4.000000            0.000000 

                                   CIPC5        4.000000            0.000000 

                                   CIPC6        3.000000            0.000000 

                                   CIPC7        2.000000            0.000000 

                                   CIPC8        2.000000            0.000000 

                                   CITOT        21.00000            0.000000 

                                   WM2P1        0.000000            0.000000 

                                    A_21        0.000000            0.000000 

                                  WM2PC1        0.000000            0.000000 

                                    A_22        0.000000            0.000000 

                                  WM2PC2        0.000000            0.000000 

                                    A_23        0.000000            0.000000 

                                  WM2PC3        0.000000            0.000000 

                                    A_24        0.000000            0.000000 

                                  WM2PC4        0.000000            0.000000 

                                    A_25        0.000000            0.000000 

                                  WM2PC5        0.000000            0.000000 

                                    A_26        0.000000            0.000000 

                                  WM2PC6        0.000000            0.000000 

                                    A_27        0.000000            0.000000 

                                  WM2PC7        0.000000            0.000000 

                                    A_28        0.000000            0.000000 

                                  WM2PC8        0.000000            0.000000 

                                WM2P1PC1        0.000000            0.000000 

                                WM2P1PC2        0.000000            0.000000 

                                WM2P1PC3        0.000000            0.000000 

                                WM2P1PC4        0.000000            0.000000 

                                WM2P1PC5        0.000000            0.000000 

                                WM2P1PC6        0.000000            0.000000 

                                WM2P1PC7        0.000000            0.000000 

                                WM2P1PC8        0.000000            0.000000 

                              TRCM2P1PC1        0.000000            0.000000 

                                    D_1P        219.0310            0.000000 

                              TRCM2P1PC2        0.000000            0.000000 

                                    D_2P        171.1880            0.000000 

                              TRCM2P1PC3        0.000000            0.000000 

                                    D_3P        170.5630            0.000000 
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                              TRCM2P1PC4        0.000000            0.000000 

                                    D_4P        154.7300            0.000000 

                              TRCM2P1PC5        0.000000            0.000000 

                                    D_5P        117.4900            0.000000 

                              TRCM2P1PC6        0.000000            0.000000 

                                    D_6P        72.98000            0.000000 

                              TRCM2P1PC7        0.000000            0.000000 

                                    D_7P        32.85700            0.000000 

                              TRCM2P1PC8        0.000000            0.000000 

                                    D_8P        106.5910            0.000000 

                              GHGM2P1PC1        0.000000            0.000000 

                                   F_CO2       0.1055000E-03        0.000000 

                              GHGM2P1PC2        0.000000            0.000000 

                              GHGM2P1PC3        0.000000            0.000000 

                              GHGM2P1PC4        0.000000            0.000000 

                              GHGM2P1PC5        0.000000            0.000000 

                              GHGM2P1PC6        0.000000            0.000000 

                              GHGM2P1PC7        0.000000            0.000000 

                              GHGM2P1PC8        0.000000            0.000000 

                                   WM3P1        26752.00            0.000000 

                                    A_31      -0.3520000            0.000000 

                                  WM3PC1        3520.000            0.000000 

                                    A_32      -0.3520000            0.000000 

                                  WM3PC2        2816.000            0.000000 

                                    A_33      -0.3520000            0.000000 

                                  WM3PC3        1760.000            0.000000 

                                    A_34      -0.3520000            0.000000 

                                  WM3PC4        6336.000            0.000000 

                                    A_35      -0.3520000            0.000000 

                                  WM3PC5        4224.000            0.000000 

                                    A_36      -0.3520000            0.000000 

                                  WM3PC6        3168.000            0.000000 

                                    A_37      -0.3520000            0.000000 

                                  WM3PC7        2816.000            0.000000 

                                    A_38      -0.3520000            0.000000 

                                  WM3PC8        2112.000            0.000000 

                                WM3P1PC1        3520.000            0.000000 

                                WM3P1PC2        2816.000            0.000000 

                                WM3P1PC3        1760.000            0.000000 

                                WM3P1PC4        6336.000            0.000000 

                                WM3P1PC5        4224.000            0.000000 

                                WM3P1PC6        3168.000            0.000000 

                                WM3P1PC7        2816.000            0.000000 

                                WM3P1PC8        2112.000            0.000000 

                              TRCM3P1PC1        78858.91            0.000000 

                              TRCM3P1PC2        49614.54            0.000000 

                              TRCM3P1PC3        30899.09            0.000000 

                              TRCM3P1PC4        101204.9            0.000000 

                              TRCM3P1PC5        51739.78            0.000000 

                              TRCM3P1PC6        24704.06            0.000000 

                              TRCM3P1PC7        10660.53            0.000000 

                              TRCM3P1PC8        23568.02            0.000000 

                              GHGM3P1PC1        81.33935            0.000000 

                              GHGM3P1PC2        50.85790            0.000000 

                              GHGM3P1PC3        31.67014            0.000000 

                              GHGM3P1PC4        103.4290            0.000000 

                              GHGM3P1PC5        52.35730            0.000000 

                              GHGM3P1PC6        24.39167            0.000000 

                              GHGM3P1PC7        9.761420            0.000000 

                              GHGM3P1PC8        23.75018            0.000000 

                                   WM4P1        10488.00            0.000000 

                                    A_41      -0.1380000            0.000000 

                                  WM4PC1        1380.000            0.000000 

                                    A_42      -0.1380000            0.000000 

                                  WM4PC2        1104.000            0.000000 

                                    A_43      -0.1380000            0.000000 

                                  WM4PC3        690.0000            0.000000 

                                    A_44      -0.1380000            0.000000 



Appendices 

cccxxviii 

                                  WM4PC4        2484.000            0.000000 

                                    A_45      -0.1380000            0.000000 

                                  WM4PC5        1656.000            0.000000 

                                    A_46      -0.1380000            0.000000 

                                  WM4PC6        1242.000            0.000000 

                                    A_47      -0.1380000            0.000000 

                                  WM4PC7        1104.000            0.000000 

                                    A_48      -0.1380000            0.000000 

                                  WM4PC8        828.0000            0.000000 

                                WM4P1PC1        1380.000            0.000000 

                                WM4P1PC2        1104.000            0.000000 

                                WM4P1PC3        690.0000            0.000000 

                                WM4P1PC4        2484.000            0.000000 

                                WM4P1PC5        1656.000            0.000000 

                                WM4P1PC6        1242.000            0.000000 

                                WM4P1PC7        1104.000            0.000000 

                                WM4P1PC8        828.0000            0.000000 

                              TRCM4P1PC1        30916.28            0.000000 

                              TRCM4P1PC2        19451.16            0.000000 

                              TRCM4P1PC3        12113.85            0.000000 

                              TRCM4P1PC4        39676.93            0.000000 

                              TRCM4P1PC5        20284.34            0.000000 

                              TRCM4P1PC6        9685.116            0.000000 

                              TRCM4P1PC7        4179.413            0.000000 

                              TRCM4P1PC8        9239.735            0.000000 

                              GHGM4P1PC1        31.88872            0.000000 

                              GHGM4P1PC2        19.93861            0.000000 

                              GHGM4P1PC3        12.41613            0.000000 

                              GHGM4P1PC4        40.54885            0.000000 

                              GHGM4P1PC5        20.52644            0.000000 

                              GHGM4P1PC6        9.562642            0.000000 

                              GHGM4P1PC7        3.826921            0.000000 

                              GHGM4P1PC8        9.311150            0.000000 

                                   WM5P1        34884.00            0.000000 

                                    A_51      -0.4590000            0.000000 

                                  WM5PC1        4590.000            0.000000 

                                    A_52      -0.4590000            0.000000 

                                  WM5PC2        3672.000            0.000000 

                                    A_53      -0.4590000            0.000000 

                                  WM5PC3        2295.000            0.000000 

                                    A_54      -0.4590000            0.000000 

                                  WM5PC4        8262.000            0.000000 

                                    A_55      -0.4590000            0.000000 

                                  WM5PC5        5508.000            0.000000 

                                    A_56      -0.4590000            0.000000 

                                  WM5PC6        4131.000            0.000000 

                                    A_57      -0.4590000            0.000000 

                                  WM5PC7        3672.000            0.000000 

                                    A_58      -0.4590000            0.000000 

                                  WM5PC8        2754.000            0.000000 

                                WM5P1PC1        4590.000            0.000000 

                                WM5P1PC2        3672.000            0.000000 

                                WM5P1PC3        2295.000            0.000000 

                                WM5P1PC4        8262.000            0.000000 

                                WM5P1PC5        5508.000            0.000000 

                                WM5P1PC6        4131.000            0.000000 

                                WM5P1PC7        3672.000            0.000000 

                                WM5P1PC8        2754.000            0.000000 

                              TRCM5P1PC1        102830.2            0.000000 

                              TRCM5P1PC2        64696.23            0.000000 

                              TRCM5P1PC3        40291.71            0.000000 

                              TRCM5P1PC4        131968.9            0.000000 

                              TRCM5P1PC5        67467.49            0.000000 

                              TRCM5P1PC6        32213.54            0.000000 

                              TRCM5P1PC7        13901.09            0.000000 

                              TRCM5P1PC8        30732.16            0.000000 

                              GHGM5P1PC1        106.0647            0.000000 

                              GHGM5P1PC2        66.31755            0.000000 
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                              GHGM5P1PC3        41.29714            0.000000 

                              GHGM5P1PC4        134.8690            0.000000 

                              GHGM5P1PC5        68.27273            0.000000 

                              GHGM5P1PC6        31.80618            0.000000 

                              GHGM5P1PC7        12.72867            0.000000 

                              GHGM5P1PC8        30.96970            0.000000 

                                   WM6P1        7382.640            0.000000 

                                    A_61       -2.042000            0.000000 

                                  WM6PC1        20420.00            0.000000 

                                    A_62       -2.042000            0.000000 

                                  WM6PC2        16336.00            0.000000 

                                    A_63       -2.042000            0.000000 

                                  WM6PC3        10210.00            0.000000 

                                    A_64       -2.042000            0.000000 

                                  WM6PC4        36756.00            0.000000 

                                    A_65       -2.042000            0.000000 

                                  WM6PC5        24504.00            0.000000 

                                    A_66       -2.042000            0.000000 

                                  WM6PC6        18378.00            0.000000 

                                    A_67       -2.042000            0.000000 

                                  WM6PC7        16336.00            0.000000 

                                    A_68       -2.042000            0.000000 

                                  WM6PC8        12252.00            0.000000 

                                    A_69       0.9400000E-01        0.000000 

                                  WM6PC9        28848.60            0.000000 

                                   A_610       0.9400000E-01        0.000000 

                                 WM6PC10        25121.50            0.000000 

                                   A_611       0.9400000E-01        0.000000 

                                 WM6PC11        30307.48            0.000000 

                                   A_612       0.9400000E-01        0.000000 

                                 WM6PC12        9400.000            0.000000 

                                   A_613       0.9400000E-01        0.000000 

                                 WM6PC13        14100.00            0.000000 

                                   A_614       0.9400000E-01        0.000000 

                                 WM6PC14        16369.16            0.000000 

                                   A_615       0.9400000E-01        0.000000 

                                 WM6PC15        23662.62            0.000000 

                                WM6P1PC1        0.000000           0.4196185E-05 

                                WM6P1PC2        0.000000           0.2346767E-05 

                                WM6P1PC3        0.000000           0.6000891E-05 

                                WM6P1PC4        0.000000           0.2333381E-05 

                                WM6P1PC5        0.000000           0.1580601E-05 

                                WM6P1PC6        1256.640            0.000000 

                                WM6P1PC7        6126.000            0.000000 

                                WM6P1PC8        0.000000           0.5658476E-06 

                               WM6PC9PC1        10210.00            0.000000 

                              WM6PC10PC1        0.000000           0.1830657E-05 

                              WM6PC11PC1        0.000000           0.2728171E-05 

                              WM6PC12PC1        0.000000           0.2774176E-05 

                              WM6PC13PC1        0.000000           0.4378564E-05 

                              WM6PC14PC1        0.000000           0.4831326E-05 

                              WM6PC15PC1        10210.00            0.000000 

                               WM6PC9PC2        0.000000           0.3274611E-06 

                              WM6PC10PC2        6126.000            0.000000 

                              WM6PC11PC2        0.000000           0.8834060E-06 

                              WM6PC12PC2        0.000000           0.1376675E-05 

                              WM6PC13PC2        0.000000           0.1581198E-05 

                              WM6PC14PC2        0.000000           0.2999052E-05 

                               WM6PC9PC3        0.000000           0.3450869E-05 

                              WM6PC10PC3        0.000000           0.3634840E-05 

                              WM6PC11PC3        0.000000           0.4533797E-05 

                              WM6PC12PC3        0.000000           0.4580076E-05 

                              WM6PC13PC3        0.000000           0.6179214E-05 

                              WM6PC14PC3        0.000000           0.6631280E-05 

                               WM6PC9PC4        0.000000           0.1860614E-05 

                              WM6PC10PC4        0.000000           0.8636254E-06 

                              WM6PC11PC4        26546.00            0.000000 

                              WM6PC12PC4        0.000000           0.2199495E-06 
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                              WM6PC13PC4        0.000000           0.1363986E-05 

                              WM6PC14PC4        0.000000           0.2088774E-05 

                               WM6PC9PC5        0.000000           0.1898558E-05 

                              WM6PC10PC5        14294.00            0.000000 

                              WM6PC11PC5        0.000000            0.000000 

                              WM6PC12PC5        0.000000           0.5758747E-06 

                              WM6PC13PC5        0.000000           0.1323305E-05 

                              WM6PC14PC5        0.000000           0.2216639E-05 

                               WM6PC9PC6        0.000000           0.2331838E-05 

                              WM6PC10PC6        0.000000           0.4322606E-06 

                              WM6PC11PC6        0.000000           0.2564005E-06 

                              WM6PC12PC6        0.000000           0.3031522E-06 

                              WM6PC13PC6        6911.360            0.000000 

                              WM6PC14PC6        0.000000           0.4500755E-06 

                               WM6PC9PC7        0.000000           0.4099969E-05 

                              WM6PC10PC7        0.000000           0.2197679E-05 

                              WM6PC11PC7        0.000000           0.2042122E-05 

                              WM6PC12PC7        0.000000           0.2223556E-05 

                              WM6PC13PC7        0.000000           0.1298349E-05 

                              WM6PC14PC7        0.000000           0.7947544E-06 

                               WM6PC9PC8        0.000000           0.3798608E-05 

                              WM6PC10PC8        0.000000           0.3223928E-05 

                              WM6PC11PC8        0.000000           0.1411758E-05 

                              WM6PC12PC8        0.000000           0.1269935E-05 

                              WM6PC13PC8        0.000000           0.8658647E-06 

                              WM6PC14PC8        2042.000            0.000000 

                               WM6PC9PC9        18638.60            0.000000 

                              WM6PC10PC9        4701.500            0.000000 

                              WM6PC11PC9        3761.480            0.000000 

                              WM6PC12PC9        9400.000            0.000000 

                              WM6PC13PC9        7188.640            0.000000 

                              WM6PC14PC9        14327.16            0.000000 

                              WM6PC15PC2        0.000000           0.3975837E-05 

                              WM6PC15PC3        0.000000           0.3776116E-05 

                              WM6PC15PC4        0.000000           0.3195738E-05 

                              WM6PC15PC5        0.000000           0.2582989E-05 

                              WM6PC15PC6        0.000000           0.1350525E-05 

                              WM6PC15PC7        0.000000           0.4228057E-06 

                              WM6PC15PC8        0.000000           0.2649397E-05 

                              WM6PC15PC9        13452.62            0.000000 

                              TRCM6P1PC1        0.000000            0.000000 

                              TRCM6P1PC2        0.000000            0.000000 

                              TRCM6P1PC3        0.000000            0.000000 

                              TRCM6P1PC4        0.000000            0.000000 

                              TRCM6P1PC5        0.000000            0.000000 

                              TRCM6P1PC6        9799.279            0.000000 

                              TRCM6P1PC7        23191.20            0.000000 

                              TRCM6P1PC8        0.000000            0.000000 

                             TRCM6PC9PC1        31021.04            0.000000 

                                    D_11        25.38300            0.000000 

                            TRCM6PC10PC1        0.000000            0.000000 

                                    D_12        98.95900            0.000000 

                            TRCM6PC11PC1        0.000000            0.000000 

                                    D_13        135.0310            0.000000 

                            TRCM6PC12PC1        0.000000            0.000000 

                                    D_14        136.8800            0.000000 

                            TRCM6PC13PC1        0.000000            0.000000 

                                    D_15        201.3620            0.000000 

                            TRCM6PC14PC1        0.000000            0.000000 

                                    D_16        219.5590            0.000000 

                            TRCM6PC15PC1        205465.0            0.000000 

                                    D_17        196.2390            0.000000 

                             TRCM6PC9PC2        0.000000            0.000000 

                                    D_21        65.03100            0.000000 

                            TRCM6PC10PC2        34838.56            0.000000 

                                    D_22        51.87000            0.000000 

                            TRCM6PC11PC2        0.000000            0.000000 

                                    D_23        87.37500            0.000000 
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                            TRCM6PC12PC2        0.000000            0.000000 

                                    D_24        107.2000            0.000000 

                            TRCM6PC13PC2        0.000000            0.000000 

                                    D_25        115.4200            0.000000 

                            TRCM6PC14PC2        0.000000            0.000000 

                                    D_26        172.4050            0.000000 

                            TRCM6PC15PC2        0.000000            0.000000 

                                    D_27        154.7930            0.000000 

                             TRCM6PC9PC3        0.000000            0.000000 

                                    D_31        43.07600            0.000000 

                            TRCM6PC10PC3        0.000000            0.000000 

                                    D_32        50.47000            0.000000 

                            TRCM6PC11PC3        0.000000            0.000000 

                                    D_33        86.60000            0.000000 

                            TRCM6PC12PC3        0.000000            0.000000 

                                    D_34        88.46000            0.000000 

                            TRCM6PC13PC3        0.000000            0.000000 

                                    D_35        152.7310            0.000000 

                            TRCM6PC14PC3        0.000000            0.000000 

                                    D_36        170.9000            0.000000 

                            TRCM6PC15PC3        0.000000            0.000000 

                                    D_37        146.7660            0.000000 

                             TRCM6PC9PC4        0.000000            0.000000 

                                    D_41        110.7300            0.000000 

                            TRCM6PC10PC4        0.000000            0.000000 

                                    D_42        70.66000            0.000000 

                            TRCM6PC11PC4        108705.9            0.000000 

                                    D_43        35.95000            0.000000 

                            TRCM6PC12PC4        0.000000            0.000000 

                                    D_44        44.79000            0.000000 

                            TRCM6PC13PC4        0.000000            0.000000 

                                    D_45        90.77000            0.000000 

                            TRCM6PC14PC4        0.000000            0.000000 

                                    D_46        119.9000            0.000000 

                            TRCM6PC15PC4        0.000000            0.000000 

                                    D_47        123.4400            0.000000 

                             TRCM6PC9PC5        0.000000            0.000000 

                                    D_51        105.2700            0.000000 

                            TRCM6PC10PC5        48549.57            0.000000 

                                    D_52        28.96500            0.000000 

                            TRCM6PC11PC5        0.000000            0.000000 

                                    D_53        32.39000            0.000000 

                            TRCM6PC12PC5        0.000000            0.000000 

                                    D_54        52.11000            0.000000 

                            TRCM6PC13PC5        0.000000            0.000000 

                                    D_55        82.15000            0.000000 

                            TRCM6PC14PC5        0.000000            0.000000 

                                    D_56        118.0540            0.000000 

                            TRCM6PC15PC5        0.000000            0.000000 

                                    D_57        98.81300            0.000000 

                             TRCM6PC9PC6        0.000000            0.000000 

                                    D_61        141.7000            0.000000 

                            TRCM6PC10PC6        0.000000            0.000000 

                                    D_62        65.35400            0.000000 

                            TRCM6PC11PC6        0.000000            0.000000 

                                    D_63        58.28600            0.000000 

                            TRCM6PC12PC6        0.000000            0.000000 

                                    D_64        60.16500            0.000000 

                            TRCM6PC13PC6        36617.08            0.000000 

                                    D_65        47.98100            0.000000 

                            TRCM6PC14PC6        0.000000            0.000000 

                                    D_66        66.07000            0.000000 

                            TRCM6PC15PC6        0.000000            0.000000 

                                    D_67        49.27900            0.000000 

                             TRCM6PC9PC7        0.000000            0.000000 

                                    D_71        172.6400            0.000000 

                            TRCM6PC10PC7        0.000000            0.000000 

                                    D_72        96.18500            0.000000 
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                            TRCM6PC11PC7        0.000000            0.000000 

                                    D_73        89.93300            0.000000 

                            TRCM6PC12PC7        0.000000            0.000000 

                                    D_74        97.22500            0.000000 

                            TRCM6PC13PC7        0.000000            0.000000 

                                    D_75        60.04000            0.000000 

                            TRCM6PC14PC7        0.000000            0.000000 

                                    D_76        39.80000            0.000000 

                            TRCM6PC15PC7        0.000000            0.000000 

                                    D_77        11.99300            0.000000 

                             TRCM6PC9PC8        0.000000            0.000000 

                                    D_81        211.5200            0.000000 

                            TRCM6PC10PC8        0.000000            0.000000 

                                    D_82        188.4230            0.000000 

                            TRCM6PC11PC8        0.000000            0.000000 

                                    D_83        115.5900            0.000000 

                            TRCM6PC12PC8        0.000000            0.000000 

                                    D_84        109.8900            0.000000 

                            TRCM6PC13PC8        0.000000            0.000000 

                                    D_85        93.65000            0.000000 

                            TRCM6PC14PC8        13038.17            0.000000 

                                    D_86        58.85000            0.000000 

                            TRCM6PC15PC8        0.000000            0.000000 

                                    D_87        101.4820            0.000000 

                              GHGM6P1PC1        0.000000            0.000000 

                              GHGM6P1PC2        0.000000            0.000000 

                              GHGM6P1PC3        0.000000            0.000000 

                              GHGM6P1PC4        0.000000            0.000000 

                              GHGM6P1PC5        0.000000            0.000000 

                              GHGM6P1PC6        9.675361            0.000000 

                              GHGM6P1PC7        21.23525            0.000000 

                              GHGM6P1PC8        0.000000            0.000000 

                             GHGM6PC9PC1        27.34143            0.000000 

                            GHGM6PC10PC1        0.000000            0.000000 

                            GHGM6PC11PC1        0.000000            0.000000 

                            GHGM6PC12PC1        0.000000            0.000000 

                            GHGM6PC13PC1        0.000000            0.000000 

                            GHGM6PC14PC1        0.000000            0.000000 

                            GHGM6PC15PC1        211.3798            0.000000 

                             GHGM6PC9PC2        0.000000            0.000000 

                            GHGM6PC10PC2        33.52322            0.000000 

                            GHGM6PC11PC2        0.000000            0.000000 

                            GHGM6PC12PC2        0.000000            0.000000 

                            GHGM6PC13PC2        0.000000            0.000000 

                            GHGM6PC14PC2        0.000000            0.000000 

                            GHGM6PC15PC2        0.000000            0.000000 

                             GHGM6PC9PC3        0.000000            0.000000 

                            GHGM6PC10PC3        0.000000            0.000000 

                            GHGM6PC11PC3        0.000000            0.000000 

                            GHGM6PC12PC3        0.000000            0.000000 

                            GHGM6PC13PC3        0.000000            0.000000 

                            GHGM6PC14PC3        0.000000            0.000000 

                            GHGM6PC15PC3        0.000000            0.000000 

                             GHGM6PC9PC4        0.000000            0.000000 

                            GHGM6PC10PC4        0.000000            0.000000 

                            GHGM6PC11PC4        100.6817            0.000000 

                            GHGM6PC12PC4        0.000000            0.000000 

                            GHGM6PC13PC4        0.000000            0.000000 

                            GHGM6PC14PC4        0.000000            0.000000 

                            GHGM6PC15PC4        0.000000            0.000000 

                             GHGM6PC9PC5        0.000000            0.000000 

                            GHGM6PC10PC5        43.67971            0.000000 

                            GHGM6PC11PC5        0.000000            0.000000 

                            GHGM6PC12PC5        0.000000            0.000000 

                            GHGM6PC13PC5        0.000000            0.000000 

                            GHGM6PC14PC5        0.000000            0.000000 

                            GHGM6PC15PC5        0.000000            0.000000 

                             GHGM6PC9PC6        0.000000            0.000000 
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                            GHGM6PC10PC6        0.000000            0.000000 

                            GHGM6PC11PC6        0.000000            0.000000 

                            GHGM6PC12PC6        0.000000            0.000000 

                            GHGM6PC13PC6        34.98527            0.000000 

                            GHGM6PC14PC6        0.000000            0.000000 

                            GHGM6PC15PC6        0.000000            0.000000 

                             GHGM6PC9PC7        0.000000            0.000000 

                            GHGM6PC10PC7        0.000000            0.000000 

                            GHGM6PC11PC7        0.000000            0.000000 

                            GHGM6PC12PC7        0.000000            0.000000 

                            GHGM6PC13PC7        0.000000            0.000000 

                            GHGM6PC14PC7        0.000000            0.000000 

                            GHGM6PC15PC7        0.000000            0.000000 

                             GHGM6PC9PC8        0.000000            0.000000 

                            GHGM6PC10PC8        0.000000            0.000000 

                            GHGM6PC11PC8        0.000000            0.000000 

                            GHGM6PC12PC8        0.000000            0.000000 

                            GHGM6PC13PC8        0.000000            0.000000 

                            GHGM6PC14PC8        12.67811            0.000000 

                            GHGM6PC15PC8        0.000000            0.000000 

                                    A_71        20.69000            0.000000 

                                  WM7PC1        206900.0            0.000000 

                                    A_72        20.69000            0.000000 

                                  WM7PC2        165520.0            0.000000 

                                    A_73        20.69000            0.000000 

                                  WM7PC3        103450.0            0.000000 

                                    A_74        20.69000            0.000000 

                                  WM7PC4        372420.0            0.000000 

                                    A_75        20.69000            0.000000 

                                  WM7PC5        248280.0            0.000000 

                                    A_76        20.69000            0.000000 

                                  WM7PC6        186210.0            0.000000 

                                    A_77        20.69000            0.000000 

                                  WM7PC7        165520.0            0.000000 

                                    A_78        20.69000            0.000000 

                                  WM7PC8        124140.0            0.000000 

                                    A_79       -1.000000            0.000000 

                                  WM7PC9        306900.0            0.000000 

                                   A_710       -1.000000            0.000000 

                                 WM7PC10        267250.0            0.000000 

                                   A_711       -1.000000            0.000000 

                                 WM7PC11        322420.0            0.000000 

                                   A_712       -1.000000            0.000000 

                                 WM7PC12        100000.0            0.000000 

                                   A_713       -1.000000            0.000000 

                                 WM7PC13        150000.0            0.000000 

                                   A_714       -1.000000            0.000000 

                                 WM7PC14        174140.0            0.000000 

                                   A_715       -1.000000            0.000000 

                                 WM7PC15        251730.0            0.000000 

                             TRCM7PC1PC9        628624.3            0.000000 

                            TRCM7PC1PC10        0.000000            0.000000 

                            TRCM7PC1PC11        0.000000            0.000000 

                            TRCM7PC1PC12        0.000000            0.000000 

                            TRCM7PC1PC13        0.000000            0.000000 

                            TRCM7PC1PC14        0.000000            0.000000 

                            TRCM7PC1PC15        0.000000            0.000000 

                             TRCM7PC2PC9        350155.0            0.000000 

                            TRCM7PC2PC10        372612.2            0.000000 

                            TRCM7PC2PC11        461875.0            0.000000 

                            TRCM7PC2PC12        0.000000            0.000000 

                            TRCM7PC2PC13        0.000000            0.000000 

                            TRCM7PC2PC14        0.000000            0.000000 

                            TRCM7PC2PC15        0.000000            0.000000 

                             TRCM7PC3PC9        240380.0            0.000000 

                            TRCM7PC3PC10        296487.2            0.000000 

                            TRCM7PC3PC11        0.000000            0.000000 

                            TRCM7PC3PC12        0.000000            0.000000 
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                            TRCM7PC3PC13        0.000000            0.000000 

                            TRCM7PC3PC14        0.000000            0.000000 

                            TRCM7PC3PC15        0.000000            0.000000 

                             TRCM7PC4PC9        0.000000            0.000000 

                            TRCM7PC4PC10        378300.0            0.000000 

                            TRCM7PC4PC11        910809.9            0.000000 

                            TRCM7PC4PC12        248950.0            0.000000 

                            TRCM7PC4PC13        478850.0            0.000000 

                            TRCM7PC4PC14        0.000000            0.000000 

                            TRCM7PC4PC15        0.000000            0.000000 

                             TRCM7PC5PC9        0.000000            0.000000 

                            TRCM7PC5PC10        333808.0            0.000000 

                            TRCM7PC5PC11        186950.0            0.000000 

                            TRCM7PC5PC12        285550.0            0.000000 

                            TRCM7PC5PC13        435750.0            0.000000 

                            TRCM7PC5PC14        0.000000            0.000000 

                            TRCM7PC5PC15        0.000000            0.000000 

                             TRCM7PC6PC9        0.000000            0.000000 

                            TRCM7PC6PC10        0.000000            0.000000 

                            TRCM7PC6PC11        0.000000            0.000000 

                            TRCM7PC6PC12        0.000000            0.000000 

                            TRCM7PC6PC13        264905.0            0.000000 

                            TRCM7PC6PC14        355350.0            0.000000 

                            TRCM7PC6PC15        467939.3            0.000000 

                             TRCM7PC7PC9        0.000000            0.000000 

                            TRCM7PC7PC10        0.000000            0.000000 

                            TRCM7PC7PC11        0.000000            0.000000 

                            TRCM7PC7PC12        0.000000            0.000000 

                            TRCM7PC7PC13        0.000000            0.000000 

                            TRCM7PC7PC14        224000.0            0.000000 

                            TRCM7PC7PC15        196303.1            0.000000 

                             TRCM7PC8PC9        0.000000            0.000000 

                            TRCM7PC8PC10        0.000000            0.000000 

                            TRCM7PC8PC11        0.000000            0.000000 

                            TRCM7PC8PC12        0.000000            0.000000 

                            TRCM7PC8PC13        0.000000            0.000000 

                            TRCM7PC8PC14        473383.9            0.000000 

                            TRCM7PC8PC15        532410.0            0.000000 

                             GHGM7PC1PC9        554.0589            0.000000 

                            GHGM7PC1PC10        0.000000            0.000000 

                            GHGM7PC1PC11        0.000000            0.000000 

                            GHGM7PC1PC12        0.000000            0.000000 

                            GHGM7PC1PC13        0.000000            0.000000 

                            GHGM7PC1PC14        0.000000            0.000000 

                            GHGM7PC1PC15        0.000000            0.000000 

                             GHGM7PC2PC9        343.0385            0.000000 

                            GHGM7PC2PC10        358.5441            0.000000 

                            GHGM7PC2PC11        460.9031            0.000000 

                            GHGM7PC2PC12        0.000000            0.000000 

                            GHGM7PC2PC13        0.000000            0.000000 

                            GHGM7PC2PC14        0.000000            0.000000 

                            GHGM7PC2PC15        0.000000            0.000000 

                             GHGM7PC3PC9        227.2259            0.000000 

                            GHGM7PC3PC10        284.5991            0.000000 

                            GHGM7PC3PC11        0.000000            0.000000 

                            GHGM7PC3PC12        0.000000            0.000000 

                            GHGM7PC3PC13        0.000000            0.000000 

                            GHGM7PC3PC14        0.000000            0.000000 

                            GHGM7PC3PC15        0.000000            0.000000 

                             GHGM7PC4PC9        0.000000            0.000000 

                            GHGM7PC4PC10        372.7315            0.000000 

                            GHGM7PC4PC11        843.5779            0.000000 

                            GHGM7PC4PC12        236.2672            0.000000 

                            GHGM7PC4PC13        478.8118            0.000000 

                            GHGM7PC4PC14        0.000000            0.000000 

                            GHGM7PC4PC15        0.000000            0.000000 

                             GHGM7PC5PC9        0.000000            0.000000 

                            GHGM7PC5PC10        300.3248            0.000000 
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                            GHGM7PC5PC11        170.8573            0.000000 

                            GHGM7PC5PC12        274.8802            0.000000 

                            GHGM7PC5PC13        433.3413            0.000000 

                            GHGM7PC5PC14        0.000000            0.000000 

                            GHGM7PC5PC15        0.000000            0.000000 

                             GHGM7PC6PC9        0.000000            0.000000 

                            GHGM7PC6PC10        0.000000            0.000000 

                            GHGM7PC6PC11        0.000000            0.000000 

                            GHGM7PC6PC12        0.000000            0.000000 

                            GHGM7PC6PC13        253.0998            0.000000 

                            GHGM7PC6PC14        348.5192            0.000000 

                            GHGM7PC6PC15        448.2001            0.000000 

                             GHGM7PC7PC9        0.000000            0.000000 

                            GHGM7PC7PC10        0.000000            0.000000 

                            GHGM7PC7PC11        0.000000            0.000000 

                            GHGM7PC7PC12        0.000000            0.000000 

                            GHGM7PC7PC13        0.000000            0.000000 

                            GHGM7PC7PC14        209.9450            0.000000 

                            GHGM7PC7PC15        146.1630            0.000000 

                             GHGM7PC8PC9        0.000000            0.000000 

                            GHGM7PC8PC10        0.000000            0.000000 

                            GHGM7PC8PC11        0.000000            0.000000 

                            GHGM7PC8PC12        0.000000            0.000000 

                            GHGM7PC8PC13        0.000000            0.000000 

                            GHGM7PC8PC14        460.3112            0.000000 

                            GHGM7PC8PC15        535.3175            0.000000 

                                  WM10P1        0.000000            0.000000 

                                   A_109       0.2070000            0.000000 

                                 WM10PC9        63528.30            0.000000 

                                  A_1010       0.2070000            0.000000 

                                WM10PC10        55320.75            0.000000 

                                  A_1011       0.2070000            0.000000 

                                WM10PC11        66740.94            0.000000 

                                  A_1012       0.2070000            0.000000 

                                WM10PC12        20700.00            0.000000 

                                  A_1013       0.2070000            0.000000 

                                WM10PC13        31050.00            0.000000 

                                  A_1014       0.2070000            0.000000 

                                WM10PC14        36046.98            0.000000 

                                  A_1015       0.2070000            0.000000 

                                WM10PC15        52108.11            0.000000 

                                  A_1019       -1.000000            0.000000 

                                WM10PC19        50000.00            0.000000 

                                  A_1020       -1.000000            0.000000 

                                WM10PC20        275495.1            0.000000 

                               WM10PC9P1        0.000000            0.000000 

                              WM10PC10P1        0.000000            0.000000 

                              WM10PC11P1        0.000000            0.000000 

                              WM10PC12P1        0.000000            0.000000 

                              WM10PC13P1        0.000000            0.000000 

                              WM10PC14P1        0.000000            0.000000 

                              WM10PC15P1        0.000000            0.000000 

                             WM10PC9PC19        0.000000            0.000000 

                             WM10PC9PC20        63528.30            0.000000 

                            WM10PC10PC19        29300.00            0.000000 

                            WM10PC10PC20        26020.75            0.000000 

                            WM10PC11PC19        0.000000            0.000000 

                            WM10PC11PC20        66740.94            0.000000 

                            WM10PC12PC19        20700.00            0.000000 

                            WM10PC12PC20        0.000000            0.000000 

                            WM10PC13PC19        0.000000            0.000000 

                            WM10PC13PC20        31050.00            0.000000 

                            WM10PC14PC19        0.000000            0.000000 

                            WM10PC14PC20        36046.98            0.000000 

                            WM10PC15PC19        0.000000            0.000000 

                            WM10PC15PC20        52108.11            0.000000 

                             TRCM10PC9P1        0.000000            0.000000 

                                    D_9P        197.9510            0.000000 
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                            TRCM10PC10P1        0.000000            0.000000 

                                   D_10P        119.9500            0.000000 

                            TRCM10PC11P1        0.000000            0.000000 

                                   D_11P        124.2700            0.000000 

                            TRCM10PC12P1        0.000000            0.000000 

                                   D_12P        122.1100            0.000000 

                            TRCM10PC13P1        0.000000            0.000000 

                                   D_13P        72.60000            0.000000 

                            TRCM10PC14P1        0.000000            0.000000 

                                   D_14P        48.53000            0.000000 

                            TRCM10PC15P1        0.000000            0.000000 

                                   D_15P        37.02000            0.000000 

                           TRCM10PC9PC19        0.000000            0.000000 

                                   D_911        197.2450            0.000000 

                          TRCM10PC10PC19        364081.8            0.000000 

                                  D_1011        119.2600            0.000000 

                          TRCM10PC11PC19        0.000000            0.000000 

                                  D_1111        123.5500            0.000000 

                          TRCM10PC12PC19        261668.7            0.000000 

                                  D_1211        121.4100            0.000000 

                          TRCM10PC13PC19        0.000000            0.000000 

                                  D_1311        71.90000            0.000000 

                          TRCM10PC14PC19        0.000000            0.000000 

                                  D_1411        47.82000            0.000000 

                          TRCM10PC15PC19        0.000000            0.000000 

                                  D_1511        36.30000            0.000000 

                           TRCM10PC9PC20        1290800.            0.000000 

                                   D_912        198.1850            0.000000 

                          TRCM10PC10PC20        325779.8            0.000000 

                                  D_1012        120.2000            0.000000 

                          TRCM10PC11PC20        864228.4            0.000000 

                                  D_1112        124.4900            0.000000 

                          TRCM10PC12PC20        0.000000            0.000000 

                                  D_1212        122.3500            0.000000 

                          TRCM10PC13PC20        241693.2            0.000000 

                                  D_1312        72.84000            0.000000 

                          TRCM10PC14PC20        193788.6            0.000000 

                                  D_1412        48.76000            0.000000 

                          TRCM10PC15PC20        220104.7            0.000000 

                                  D_1512        37.24000            0.000000 

                             GHGM10PC9P1        0.000000            0.000000 

                            GHGM10PC10P1        0.000000            0.000000 

                            GHGM10PC11P1        0.000000            0.000000 

                            GHGM10PC12P1        0.000000            0.000000 

                            GHGM10PC13P1        0.000000            0.000000 

                            GHGM10PC14P1        0.000000            0.000000 

                            GHGM10PC15P1        0.000000            0.000000 

                           GHGM10PC9PC19        0.000000            0.000000 

                          GHGM10PC10PC19        368.6505            0.000000 

                          GHGM10PC11PC19        269.8147            0.000000 

                          GHGM10PC12PC19        0.000000            0.000000 

                          GHGM10PC13PC19        0.000000            0.000000 

                          GHGM10PC14PC19        0.000000            0.000000 

                          GHGM10PC15PC19        0.000000            0.000000 

                           GHGM10PC9PC20        1328.283            0.000000 

                          GHGM10PC10PC20        329.9717            0.000000 

                          GHGM10PC11PC20        0.000000            0.000000 

                          GHGM10PC12PC20        400.7911            0.000000 

                          GHGM10PC13PC20        238.6075            0.000000 

                          GHGM10PC14PC20        185.4322            0.000000 

                          GHGM10PC15PC20        204.7234            0.000000 

                                   A_119       0.7530000E-01        0.000000 

                                 WM11PC9        23109.57            0.000000 

                                  A_1110       0.7530000E-01        0.000000 

                                WM11PC10        20123.93            0.000000 

                                  A_1111       0.7530000E-01        0.000000 

                                WM11PC11        24278.23            0.000000 

                                  A_1112       0.7530000E-01        0.000000 
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                                WM11PC12        7530.000            0.000000 

                                  A_1113       0.7530000E-01        0.000000 

                                WM11PC13        11295.00            0.000000 

                                  A_1114       0.7530000E-01        0.000000 

                                WM11PC14        13112.74            0.000000 

                                  A_1115       0.7530000E-01        0.000000 

                                WM11PC15        18955.27            0.000000 

                                  A_1116       -1.000000            0.000000 

                                WM11PC16        24278.23            0.000000 

                                  A_1117       -1.000000            0.000000 

                                WM11PC17        34126.51            0.000000 

                                  A_1118       -1.000000            0.000000 

                                WM11PC18        60000.00            0.000000 

                             WM11PC9PC16        0.000000           0.4893231E-06 

                             WM11PC9PC17        23109.57            0.000000 

                             WM11PC9PC18        0.000000            0.000000 

                            WM11PC10PC16        0.000000           0.4998976E-06 

                            WM11PC10PC17        3486.936            0.000000 

                            WM11PC10PC18        16636.99            0.000000 

                            WM11PC11PC16        24278.23            0.000000 

                            WM11PC11PC17        0.000000           0.2335994E-06 

                            WM11PC11PC18        0.000000           0.2693038E-06 

                            WM11PC12PC16        0.000000           0.4225171E-06 

                            WM11PC12PC17        7530.000            0.000000 

                            WM11PC12PC18        0.000000            0.000000 

                            WM11PC13PC16        0.000000           0.2442619E-05 

                            WM11PC13PC17        0.000000           0.2250502E-06 

                            WM11PC13PC18        11295.00            0.000000 

                            WM11PC14PC16        0.000000           0.3776375E-05 

                            WM11PC14PC17        0.000000           0.1072254E-05 

                            WM11PC14PC18        13112.74            0.000000 

                            WM11PC15PC16        0.000000            0.000000 

                            WM11PC15PC17        0.000000           0.6674374E-06 

                            WM11PC15PC18        18955.27            0.000000 

                           TRCM11PC9PC16        0.000000            0.000000 

                                    D_98        109.0950            0.000000 

                           TRCM11PC9PC17        362658.5            0.000000 

                                    D_99        151.9300            0.000000 

                           TRCM11PC9PC18        0.000000            0.000000 

                                   D_910        195.1900            0.000000 

                          TRCM11PC10PC16        0.000000            0.000000 

                                   D_108        33.03000            0.000000 

                          TRCM11PC10PC17        28048.91            0.000000 

                                   D_109        75.44000            0.000000 

                          TRCM11PC10PC18        203377.2            0.000000 

                                  D_1010        117.2440            0.000000 

                          TRCM11PC11PC16        27507.23            0.000000 

                                   D_118        6.330000            0.000000 

                          TRCM11PC11PC17        0.000000            0.000000 

                                   D_119        78.22000            0.000000 

                          TRCM11PC11PC18        0.000000            0.000000 

                                  D_1110        121.4590            0.000000 

                          TRCM11PC12PC16        0.000000            0.000000 

                                   D_128        26.06000            0.000000 

                          TRCM11PC12PC17        57664.74            0.000000 

                                   D_129        71.58000            0.000000 

                          TRCM11PC12PC18        0.000000            0.000000 

                                  D_1210        119.3990            0.000000 

                          TRCM11PC13PC16        0.000000            0.000000 

                                   D_138        63.75500            0.000000 

                          TRCM11PC13PC17        0.000000            0.000000 

                                   D_139        37.13000            0.000000 

                          TRCM11PC13PC18        84587.13            0.000000 

                                  D_1310        69.88900            0.000000 

                          TRCM11PC14PC16        0.000000            0.000000 

                                   D_148        93.23000            0.000000 

                          TRCM11PC14PC17        0.000000            0.000000 

                                   D_149        47.05000            0.000000 
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                          TRCM11PC14PC18        66558.97            0.000000 

                                  D_1410        45.75900            0.000000 

                          TRCM11PC15PC16        0.000000           0.4137816E-06 

                                   D_158        93.18000            0.000000 

                          TRCM11PC15PC17        0.000000            0.000000 

                                   D_159        19.23000            0.000000 

                          TRCM11PC15PC18        74321.71            0.000000 

                                  D_1510        34.20900            0.000000 

                           GHGM11PC9PC16        0.000000            0.000000 

                           GHGM11PC9PC17        370.4144            0.000000 

                           GHGM11PC9PC18        0.000000            0.000000 

                          GHGM11PC10PC16        0.000000            0.000000 

                          GHGM11PC10PC17        27.75224            0.000000 

                          GHGM11PC10PC18        205.7869            0.000000 

                          GHGM11PC11PC16        16.21336            0.000000 

                          GHGM11PC11PC17        0.000000            0.000000 

                          GHGM11PC11PC18        0.000000            0.000000 

                          GHGM11PC12PC16        0.000000            0.000000 

                          GHGM11PC12PC17        56.86423            0.000000 

                          GHGM11PC12PC18        0.000000            0.000000 

                          GHGM11PC13PC16        0.000000            0.000000 

                          GHGM11PC13PC17        0.000000            0.000000 

                          GHGM11PC13PC18        83.28130            0.000000 

                          GHGM11PC14PC16        0.000000            0.000000 

                          GHGM11PC14PC17        0.000000            0.000000 

                          GHGM11PC14PC18        63.30274            0.000000 

                          GHGM11PC15PC16        0.000000            0.000000 

                          GHGM11PC15PC17        0.000000            0.000000 

                          GHGM11PC15PC18        68.41050            0.000000 

                                  WM12P1        87742.15            0.000000 

                                   A_129       0.5580000E-01        0.000000 

                                 WM12PC9        17125.02            0.000000 

                                  A_1210       0.5580000E-01        0.000000 

                                WM12PC10        14912.55            0.000000 

                                  A_1211       0.5580000E-01        0.000000 

                                WM12PC11        17991.04            0.000000 

                                  A_1212       0.5580000E-01        0.000000 

                                WM12PC12        5580.000            0.000000 

                                  A_1213       0.5580000E-01        0.000000 

                                WM12PC13        8370.000            0.000000 

                                  A_1214       0.5580000E-01        0.000000 

                                WM12PC14        9717.012            0.000000 

                                  A_1215       0.5580000E-01        0.000000 

                                WM12PC15        14046.53            0.000000 

                               WM12PC9P1        0.000000           0.4004152E-05 

                              WM12PC10P1        0.000000           0.2063395E-05 

                              WM12PC11P1        0.000000           0.2170882E-05 

                              WM12PC12P1        0.000000           0.2117139E-05 

                              WM12PC13P1        0.000000           0.8852721E-06 

                              WM12PC14P1        0.000000           0.2863823E-06 

                              WM12PC15P1        87742.15            0.000000 

                             TRCM12PC9P1        0.000000            0.000000 

                            TRCM12PC10P1        0.000000            0.000000 

                            TRCM12PC11P1        0.000000            0.000000 

                            TRCM12PC12P1        0.000000            0.000000 

                            TRCM12PC13P1        0.000000            0.000000 

                            TRCM12PC14P1        0.000000            0.000000 

                            TRCM12PC15P1        368692.5            0.000000 

                             GHGM12PC9P1        0.000000            0.000000 

                            GHGM12PC10P1        0.000000            0.000000 

                            GHGM12PC11P1        0.000000            0.000000 

                            GHGM12PC12P1        0.000000            0.000000 

                            GHGM12PC13P1        0.000000            0.000000 

                            GHGM12PC14P1        0.000000            0.000000 

                            GHGM12PC15P1        342.6866            0.000000 

                                  WM13P1        0.000000            0.000000 

                                   A_139        0.000000            0.000000 

                                 WM13PC9        0.000000            0.000000 
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                                  A_1310        0.000000            0.000000 

                                WM13PC10        0.000000            0.000000 

                                  A_1311        0.000000            0.000000 

                                WM13PC11        0.000000            0.000000 

                                  A_1312        0.000000            0.000000 

                                WM13PC12        0.000000            0.000000 

                                  A_1313        0.000000            0.000000 

                                WM13PC13        0.000000            0.000000 

                                  A_1314        0.000000            0.000000 

                                WM13PC14        0.000000            0.000000 

                                  A_1315        0.000000            0.000000 

                                WM13PC15        0.000000            0.000000 

                               WM13PC9P1        0.000000           0.4004152E-05 

                              WM13PC10P1        0.000000           0.2063395E-05 

                              WM13PC11P1        0.000000           0.2170882E-05 

                              WM13PC12P1        0.000000           0.2117139E-05 

                              WM13PC13P1        0.000000           0.8852721E-06 

                              WM13PC14P1        0.000000           0.2863823E-06 

                              WM13PC15P1        0.000000            0.000000 

                             TRCM13PC9P1        0.000000            0.000000 

                            TRCM13PC10P1        0.000000            0.000000 

                            TRCM13PC11P1        0.000000            0.000000 

                            TRCM13PC12P1        0.000000            0.000000 

                            TRCM13PC13P1        0.000000            0.000000 

                            TRCM13PC14P1        0.000000            0.000000 

                            TRCM13PC15P1        0.000000            0.000000 

                             GHGM13PC9P1        0.000000            0.000000 

                            GHGM13PC10P1        0.000000            0.000000 

                            GHGM13PC11P1        0.000000            0.000000 

                            GHGM13PC12P1        0.000000            0.000000 

                            GHGM13PC13P1        0.000000            0.000000 

                            GHGM13PC14P1        0.000000            0.000000 

                            GHGM13PC15P1        0.000000            0.000000 

                                  WM19P1        42141.39            0.000000 

                                   A_199        0.000000            0.000000 

                                 WM19PC9        0.000000            0.000000 

                                  A_1910        0.000000            0.000000 

                                WM19PC10        0.000000            0.000000 

                                  A_1911        0.000000            0.000000 

                                WM19PC11        0.000000            0.000000 

                                  A_1912        0.000000            0.000000 

                                WM19PC12        0.000000            0.000000 

                                  A_1913        0.000000            0.000000 

                                WM19PC13        0.000000            0.000000 

                                  A_1914        0.000000            0.000000 

                                WM19PC14        0.000000            0.000000 

                                  A_1915        0.000000            0.000000 

                                WM19PC15        0.000000            0.000000 

                               WM19PC9P1        0.000000           0.4004152E-05 

                              WM19PC10P1        0.000000           0.2063395E-05 

                              WM19PC11P1        0.000000           0.2170882E-05 

                              WM19PC12P1        0.000000           0.2117139E-05 

                              WM19PC13P1        0.000000           0.8852721E-06 

                              WM19PC14P1        0.000000           0.2863823E-06 

                              WM19PC15P1        42141.39            0.000000 

                             TRCM19PC9P1        0.000000            0.000000 

                            TRCM19PC10P1        0.000000            0.000000 

                            TRCM19PC11P1        0.000000            0.000000 

                            TRCM19PC12P1        0.000000            0.000000 

                            TRCM19PC13P1        0.000000            0.000000 

                            TRCM19PC14P1        0.000000            0.000000 

                            TRCM19PC15P1        177078.1            0.000000 

                             GHGM19PC9P1        0.000000            0.000000 

                            GHGM19PC10P1        0.000000            0.000000 

                            GHGM19PC11P1        0.000000            0.000000 

                            GHGM19PC12P1        0.000000            0.000000 

                            GHGM19PC13P1        0.000000            0.000000 

                            GHGM19PC14P1        0.000000            0.000000 
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                            GHGM19PC15P1        164.5878            0.000000 

                                  WM20P1        31134.31            0.000000 

                                   A_209       0.1980000E-01        0.000000 

                                 WM20PC9        6076.620            0.000000 

                                  A_2010       0.1980000E-01        0.000000 

                                WM20PC10        5291.550            0.000000 

                                  A_2011       0.1980000E-01        0.000000 

                                WM20PC11        6383.916            0.000000 

                                  A_2012       0.1980000E-01        0.000000 

                                WM20PC12        1980.000            0.000000 

                                  A_2013       0.1980000E-01        0.000000 

                                WM20PC13        2970.000            0.000000 

                                  A_2014       0.1980000E-01        0.000000 

                                WM20PC14        3447.972            0.000000 

                                  A_2015       0.1980000E-01        0.000000 

                                WM20PC15        4984.254            0.000000 

                               WM20PC9P1        0.000000           0.4004152E-05 

                              WM20PC10P1        0.000000           0.2063395E-05 

                              WM20PC11P1        0.000000           0.2170882E-05 

                              WM20PC12P1        0.000000           0.2117139E-05 

                              WM20PC13P1        0.000000           0.8852721E-06 

                              WM20PC14P1        0.000000           0.2863823E-06 

                              WM20PC15P1        31134.31            0.000000 

                             TRCM20PC9P1        0.000000            0.000000 

                            TRCM20PC10P1        0.000000            0.000000 

                            TRCM20PC11P1        0.000000            0.000000 

                            TRCM20PC12P1        0.000000            0.000000 

                            TRCM20PC13P1        0.000000            0.000000 

                            TRCM20PC14P1        0.000000            0.000000 

                            TRCM20PC15P1        130826.4            0.000000 

                             GHGM20PC9P1        0.000000            0.000000 

                            GHGM20PC10P1        0.000000            0.000000 

                            GHGM20PC11P1        0.000000            0.000000 

                            GHGM20PC12P1        0.000000            0.000000 

                            GHGM20PC13P1        0.000000            0.000000 

                            GHGM20PC14P1        0.000000            0.000000 

                            GHGM20PC15P1        121.5985            0.000000 

                                  WM21P1        49.53186            0.000000 

                                  A_2116       0.4650000            0.000000 

                                WM21PC16        11289.38            0.000000 

                                  A_2117       0.4650000            0.000000 

                                WM21PC17        15868.83            0.000000 

                                  A_2118       0.4650000            0.000000 

                                WM21PC18        27900.00            0.000000 

                                  A_2119      -0.1690000            0.000000 

                                WM21PC19        8450.000            0.000000 

                                  A_2120      -0.1690000            0.000000 

                                WM21PC20        46558.67            0.000000 

                              WM21PC16P1        0.000000            0.000000 

                              WM21PC17P1        49.53186            0.000000 

                              WM21PC18P1        0.000000            0.000000 

                            WM21PC16PC19        0.000000            0.000000 

                            WM21PC16PC20        11289.38            0.000000 

                            WM21PC17PC19        8450.000            0.000000 

                            WM21PC17PC20        7369.293            0.000000 

                            WM21PC18PC19        0.000000            0.000000 

                            WM21PC18PC20        27900.00            0.000000 

                            WM21PC20PC20        11289.38            0.000000 

                            TRCM21PC16P1        0.000000            0.000000 

                                   D_16P        120.0700            0.000000 

                            TRCM21PC17P1        309.8218            0.000000 

                                   D_17P        57.55000            0.000000 

                            TRCM21PC18P1        0.000000            0.000000 

                                   D_18P        4.600000            0.000000 

                          TRCM21PC16PC19        0.000000            0.000000 

                                  D_1611        119.3700            0.000000 

                          TRCM21PC17PC19        52254.80            0.000000 

                                  D_1711        56.84000            0.000000 
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                          TRCM21PC18PC19        0.000000            0.000000 

                                  D_1811        3.900000            0.000000 

                          TRCM21PC16PC20        141455.9            0.000000 

                                  D_1612        120.3000            0.000000 

                          TRCM21PC17PC20        46293.90            0.000000 

                                  D_1712        57.82000            0.000000 

                          TRCM21PC18PC20        27425.70            0.000000 

                                  D_1812        4.830000            0.000000 

                            GHGM21PC16P1        0.000000            0.000000 

                            GHGM21PC17P1       0.3007339            0.000000 

                            GHGM21PC18P1        0.000000            0.000000 

                          GHGM21PC16PC19        0.000000            0.000000 

                          GHGM21PC17PC19        50.67144            0.000000 

                          GHGM21PC18PC19        0.000000            0.000000 

                          GHGM21PC16PC20        143.2808            0.000000 

                          GHGM21PC17PC20        44.95276            0.000000 

                          GHGM21PC18PC20        14.21686            0.000000 

                                  WM22P1        63346.53            0.000000 

                                  A_2216       0.5350000            0.000000 

                                WM22PC16        12988.85            0.000000 

                                  A_2217       0.5350000            0.000000 

                                WM22PC17        18257.68            0.000000 

                                  A_2218       0.5350000            0.000000 

                                WM22PC18        32100.00            0.000000 

                              WM22PC16P1        12988.85            0.000000 

                              WM22PC17P1        18257.68            0.000000 

                              WM22PC18P1        32100.00            0.000000 

                            TRCM22PC16P1        162451.6            0.000000 

                            TRCM22PC17P1        114201.8            0.000000 

                            TRCM22PC18P1        30816.00            0.000000 

                            GHGM22PC16P1        164.5348            0.000000 

                            GHGM22PC17P1        110.8520            0.000000 

                            GHGM22PC18P1        15.57813            0.000000 

                                  WM24P1        247376.3            0.000000 

                                  A_2419       0.7600000            0.000000 

                                WM24PC19        38000.00            0.000000 

                                  A_2420       0.7600000            0.000000 

                                WM24PC20        209376.3            0.000000 

                              WM24PC19P1        38000.00            0.000000 

                              WM24PC20P1        209376.3            0.000000 

                            TRCM24PC19P1        36100.00            0.000000 

                                   D_19P        4.500000            0.000000 

                            TRCM24PC20P1        174473.2            0.000000 

                                   D_20P        3.333000            0.000000 

                            GHGM24PC19P1        18.04050            0.000000 

                            GHGM24PC20P1        73.62329            0.000000 

                                  WM25P1        61844.07            0.000000 

                                  A_2519       0.1900000            0.000000 

                                WM25PC19        9500.000            0.000000 

                                  A_2520       0.1900000            0.000000 

                                WM25PC20        52344.07            0.000000 

                              WM25PC19P1        9500.000            0.000000 

                              WM25PC20P1        52344.07            0.000000 

                            TRCM25PC19P1        9025.000            0.000000 

                            TRCM25PC20P1        43618.31            0.000000 

                            GHGM25PC19P1        4.510125            0.000000 

                            GHGM25PC20P1        18.40582            0.000000 

                                  WM26P1        16274.75            0.000000 

                                  A_2619       0.5000000E-01        0.000000 

                                WM26PC19        2500.000            0.000000 

                                  A_2620       0.5000000E-01        0.000000 

                                WM26PC20        13774.75            0.000000 

                              WM26PC19P1        2500.000            0.000000 

                              WM26PC20P1        13774.75            0.000000 

                            TRCM26PC19P1        2375.000            0.000000 

                            TRCM26PC20P1        11478.50            0.000000 

                            GHGM26PC19P1        1.186875            0.000000 

                            GHGM26PC20P1        4.843637            0.000000 
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                                  WM27P1        17576.73            0.000000 

                                  A_2719       0.5400000E-01        0.000000 

                                WM27PC19        2700.000            0.000000 

                                  A_2720       0.5400000E-01        0.000000 

                                WM27PC20        14876.73            0.000000 

                              WM27PC19P1        2700.000            0.000000 

                              WM27PC20P1        14876.73            0.000000 

                            TRCM27PC19P1        2565.000            0.000000 

                            TRCM27PC20P1        12396.78            0.000000 

                            GHGM27PC19P1        1.281825            0.000000 

                            GHGM27PC20P1        5.231128            0.000000 

                                  WM28P1        11066.83            0.000000 

                                  A_2819       0.3400000E-01        0.000000 

                                WM28PC19        1700.000            0.000000 

                                  A_2820       0.3400000E-01        0.000000 

                                WM28PC20        9366.833            0.000000 

                              WM28PC19P1        1700.000            0.000000 

                              WM28PC20P1        9366.833            0.000000 

                            TRCM28PC19P1        1615.000            0.000000 

                            TRCM28PC20P1        7805.382            0.000000 

                            GHGM28PC19P1       0.8070750            0.000000 

                            GHGM28PC20P1        3.293673            0.000000 

                                  WM29P1        27667.08            0.000000 

                                  A_2919       0.8500000E-01        0.000000 

                                WM29PC19        4250.000            0.000000 

                                  A_2920       0.8500000E-01        0.000000 

                                WM29PC20        23417.08            0.000000 

                              WM29PC19P1        4250.000            0.000000 

                              WM29PC20P1        23417.08            0.000000 

                            TRCM29PC19P1        4037.500            0.000000 

                            TRCM29PC20P1        19513.45            0.000000 

                            GHGM29PC19P1        2.017688            0.000000 

                            GHGM29PC20P1        8.234184            0.000000 

                                  WM30P1        4556.931            0.000000 

                                  A_3019       0.1400000E-01        0.000000 

                                WM30PC19        700.0000            0.000000 

                                  A_3020       0.1400000E-01        0.000000 

                                WM30PC20        3856.931            0.000000 

                              WM30PC19P1        700.0000            0.000000 

                              WM30PC20P1        3856.931            0.000000 

                            TRCM30PC19P1        665.0000            0.000000 

                            TRCM30PC20P1        3213.981            0.000000 

                            GHGM30PC19P1       0.3323250            0.000000 

                            GHGM30PC20P1        1.356218            0.000000 

                                  TRCPC1       0.4490915            0.000000 

                              TRCM6PC1P1       0.1443290E-08       0.2488117E-06 

                                  TRCPC2       0.1686005            0.000000 

                              TRCM6PC2P1        0.000000           0.2488117E-06 

                                  TRCPC3       0.8330464E-01        0.000000 

                              TRCM6PC3P1        0.000000           0.2488117E-06 

                                  TRCPC4       0.3815567            0.000000 

                              TRCM6PC4P1        0.000000           0.2488117E-06 

                                  TRCPC5       0.1880412            0.000000 

                              TRCM6PC5P1        0.000000           0.2488117E-06 

                                  TRCPC6       0.1130191            0.000000 

                              TRCM6PC6P1        0.000000           0.2488117E-06 

                                  TRCPC7       0.5193223E-01        0.000000 

                              TRCM6PC7P1        0.000000           0.2488117E-06 

                                  TRCPC8       0.7657809E-01        0.000000 

                              TRCM6PC8P1        0.000000           0.2488117E-06 

                                  TRCPC9        2.872618            0.000000 

                                 TRCPC10        2.302495            0.000000 

                                 TRCPC11        2.451371            0.000000 

                                 TRCPC12       0.8538334            0.000000 

                                 TRCPC13        1.505785            0.000000 

                                 TRCPC14        1.313081            0.000000 

                                 TRCPC15        2.167676            0.000000 

                                 TRCPC16       0.3039074            0.000000 
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                                 TRCPC17       0.2130603            0.000000 

                                 TRCPC18       0.5824170E-01        0.000000 

                                 TRCPC19       0.5638250E-01        0.000000 

                                 TRCPC20       0.2724996            0.000000 

                                  TRCTOT        15.88307            0.000000 

                                TRGHGPC1        458.0140            0.000000 

                              GHGM6PC1P1        0.000000            0.000000 

                                TRGHGPC2        170.6373            0.000000 

                              GHGM6PC2P1        0.000000            0.000000 

                                TRGHGPC3        85.38341            0.000000 

                              GHGM6PC3P1        0.000000            0.000000 

                                TRGHGPC4        379.5285            0.000000 

                              GHGM6PC4P1        0.000000            0.000000 

                                TRGHGPC5        184.8362            0.000000 

                              GHGM6PC5P1        0.000000            0.000000 

                                TRGHGPC6        110.4211            0.000000 

                              GHGM6PC6P1        0.000000            0.000000 

                                TRGHGPC7        47.55226            0.000000 

                              GHGM6PC7P1        0.000000            0.000000 

                                TRGHGPC8        76.70914            0.000000 

                              GHGM6PC8P1        0.000000            0.000000 

                                TRGHGPC9        2823.020            0.000000 

                               TRGHGPC10        2248.361            0.000000 

                               TRGHGPC11        1761.366            0.000000 

                               TRGHGPC12        968.8028            0.000000 

                               TRGHGPC13        1487.142            0.000000 

                               TRGHGPC14        1267.510            0.000000 

                               TRGHGPC15        2031.688            0.000000 

                               TRGHGPC16        307.8156            0.000000 

                               TRGHGPC17        206.7769            0.000000 

                               TRGHGPC18        29.79499            0.000000 

                               TRGHGPC19        28.17641            0.000000 

                               TRGHGPC20        114.9880            0.000000 

                                   TRGHG        14788.52            0.000000 

                                   LAMDA       0.6383481            0.000000 

                                   EPTOT        218.7284            0.000000 

                                   GPTOT        237.1991            0.000000 

                                  GHGTOT        1879777.            0.000000 

                               YTOT( M1)       -76000.00            0.000000 

                               YTOT( M2)        0.000000            0.000000 

                               YTOT( M3)       -26752.00            0.000000 

                               YTOT( M4)       -10488.00            0.000000 

                               YTOT( M5)       -34884.00            0.000000 

                               YTOT( M6)       -7382.640            0.000000 

                               YTOT( M7)        0.000000            0.000000 

                               YTOT( M8)        1864989.            0.000000 

                               YTOT( M9)       -467014.7            0.000000 

                              YTOT( M10)        0.000000            0.000000 

                              YTOT( M11)        0.000000            0.000000 

                              YTOT( M12)        87742.15            0.000000 

                              YTOT( M13)        0.000000            0.000000 

                              YTOT( M14)        0.000000            0.000000 

                              YTOT( M15)        0.000000            0.000000 

                              YTOT( M16)        0.000000            0.000000 

                              YTOT( M17)        28368.90            0.000000 

                              YTOT( M18)       -644700.4            0.000000 

                              YTOT( M19)        42141.39            0.000000 

                              YTOT( M20)        31134.31            0.000000 

                              YTOT( M21)        49.53186            0.000000 

                              YTOT( M22)        63346.53            0.000000 

                              YTOT( M23)       -25744.49            0.000000 

                              YTOT( M24)        247376.3            0.000000 

                              YTOT( M25)        61844.07            0.000000 

                              YTOT( M26)        16274.75            0.000000 

                              YTOT( M27)        17576.73            0.000000 

                              YTOT( M28)        11066.83            0.000000 

                              YTOT( M29)        27667.08            0.000000 

                              YTOT( M30)        4556.931            0.000000 
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                                 YU( M1)        0.000000            0.000000 

                                 YU( M2)        0.000000            0.000000 

                                 YU( M3)        0.000000            0.000000 

                                 YU( M4)        0.000000            0.000000 

                                 YU( M5)        0.000000            0.000000 

                                 YU( M6)       0.1000000E+08        0.000000 

                                 YU( M7)       0.1000000E+08        0.000000 

                                 YU( M8)       0.1000000E+08        0.000000 

                                 YU( M9)        0.000000            0.000000 

                                YU( M10)       0.1000000E+08        0.000000 

                                YU( M11)       0.1000000E+08        0.000000 

                                YU( M12)       0.1000000E+08        0.000000 

                                YU( M13)       0.1000000E+08        0.000000 

                                YU( M14)       0.1000000E+08        0.000000 

                                YU( M15)       0.1000000E+08        0.000000 

                                YU( M16)       0.1000000E+08        0.000000 

                                YU( M17)       0.1000000E+08        0.000000 

                                YU( M18)        0.000000            0.000000 

                                YU( M19)       0.1000000E+08        0.000000 

                                YU( M20)       0.1000000E+08        0.000000 

                                YU( M21)       0.1000000E+08        0.000000 

                                YU( M22)       0.1000000E+08        0.000000 

                                YU( M23)        0.000000            0.000000 

                                YU( M24)       0.1000000E+08        0.000000 

                                YU( M25)       0.1000000E+08        0.000000 

                                YU( M26)       0.1000000E+08        0.000000 

                                YU( M27)       0.1000000E+08        0.000000 

                                YU( M28)       0.1000000E+08        0.000000 

                                YU( M29)       0.1000000E+08        0.000000 

                                YU( M30)       0.1000000E+08        0.000000 

                                 YL( M1)      -0.1000000E+08        0.000000 

                                 YL( M2)      -0.1000000E+08        0.000000 

                                 YL( M3)      -0.1000000E+08        0.000000 

                                 YL( M4)      -0.1000000E+08        0.000000 

                                 YL( M5)      -0.1000000E+08        0.000000 

                                 YL( M6)      -0.1000000E+08        0.000000 

                                 YL( M7)        0.000000            0.000000 

                                 YL( M8)      -0.1000000E+08        0.000000 

                                 YL( M9)      -0.1000000E+08        0.000000 

                                YL( M10)        0.000000            0.000000 

                                YL( M11)        0.000000            0.000000 

                                YL( M12)        0.000000            0.000000 

                                YL( M13)        0.000000            0.000000 

                                YL( M14)        0.000000            0.000000 

                                YL( M15)        0.000000            0.000000 

                                YL( M16)        0.000000            0.000000 

                                YL( M17)      -0.1000000E+08        0.000000 

                                YL( M18)      -0.1000000E+08        0.000000 

                                YL( M19)        0.000000            0.000000 

                                YL( M20)        0.000000            0.000000 

                                YL( M21)        0.000000            0.000000 

                                YL( M22)        0.000000            0.000000 

                                YL( M23)      -0.1000000E+08        0.000000 

                                YL( M24)        0.000000            0.000000 

                                YL( M25)        0.000000            0.000000 

                                YL( M26)        0.000000            0.000000 

                                YL( M27)        0.000000            0.000000 

                                YL( M28)        0.000000            0.000000 

                                YL( M29)        0.000000            0.000000 

                                YL( M30)        0.000000            0.000000 

                                 CM( M1)        0.000000            0.000000 

                                 CM( M2)        380.0000            0.000000 

                                 CM( M3)        300.0000            0.000000 

                                 CM( M4)        372.0000            0.000000 

                                 CM( M5)        285.0000            0.000000 

                                 CM( M6)        100.0000            0.000000 

                                 CM( M7)        121.0000            0.000000 

                                 CM( M8)        0.000000            0.000000 
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                                 CM( M9)       0.5500000            0.000000 

                                CM( M10)        548.0000            0.000000 

                                CM( M11)        389.0000            0.000000 

                                CM( M12)        43.00000            0.000000 

                                CM( M13)        45.00000            0.000000 

                                CM( M14)        6.000000            0.000000 

                                CM( M15)        8.000000            0.000000 

                                CM( M16)        0.000000            0.000000 

                                CM( M17)        79.60000            0.000000 

                                CM( M18)        1.140000            0.000000 

                                CM( M19)        150.0000            0.000000 

                                CM( M20)        300.0000            0.000000 

                                CM( M21)        921.8333            0.000000 

                                CM( M22)        212.0000            0.000000 

                                CM( M23)        104.3000            0.000000 

                                CM( M24)        777.2500            0.000000 

                                CM( M25)        720.5000            0.000000 

                                CM( M26)        630.4500            0.000000 

                                CM( M27)        777.2500            0.000000 

                                CM( M28)        466.3500            0.000000 

                                CM( M29)        432.3000            0.000000 

                                CM( M30)        378.2700            0.000000 

                              XTOT( PC1)        10000.00            0.000000 

                              XTOT( PC2)        8000.000            0.000000 

                              XTOT( PC3)        5000.000            0.000000 

                              XTOT( PC4)        18000.00            0.000000 

                              XTOT( PC5)        12000.00            0.000000 

                              XTOT( PC6)        9000.000            0.000000 

                              XTOT( PC7)        8000.000            0.000000 

                              XTOT( PC8)        6000.000            0.000000 

                              XTOT( PC9)        306900.0            0.000000 

                             XTOT( PC10)        267250.0            0.000000 

                             XTOT( PC11)        322420.0            0.000000 

                             XTOT( PC12)        100000.0            0.000000 

                             XTOT( PC13)        150000.0            0.000000 

                             XTOT( PC14)        174140.0            0.000000 

                             XTOT( PC15)        251730.0            0.000000 

                             XTOT( PC16)        24278.23            0.000000 

                             XTOT( PC17)        34126.51            0.000000 

                             XTOT( PC18)        60000.00            0.000000 

                             XTOT( PC19)        50000.00            0.000000 

                             XTOT( PC20)        275495.1            0.000000 

                                XU( PC1)        10000.00            0.000000 

                                XU( PC2)        8000.000            0.000000 

                                XU( PC3)        5000.000            0.000000 

                                XU( PC4)        18000.00            0.000000 

                                XU( PC5)        12000.00            0.000000 

                                XU( PC6)        9000.000            0.000000 

                                XU( PC7)        8000.000            0.000000 

                                XU( PC8)        6000.000            0.000000 

                                XU( PC9)        388888.9            0.000000 

                               XU( PC10)        388888.9            0.000000 

                               XU( PC11)        388888.9            0.000000 

                               XU( PC12)        388888.9            0.000000 

                               XU( PC13)        388888.9            0.000000 

                               XU( PC14)        388888.9            0.000000 

                               XU( PC15)        388888.9            0.000000 

                               XU( PC16)        60000.00            0.000000 

                               XU( PC17)        60000.00            0.000000 

                               XU( PC18)        60000.00            0.000000 

                               XU( PC19)        280000.0            0.000000 

                               XU( PC20)        280000.0            0.000000 

                                XL( PC1)        0.000000            0.000000 

                                XL( PC2)        0.000000            0.000000 

                                XL( PC3)        0.000000            0.000000 

                                XL( PC4)        0.000000            0.000000 

                                XL( PC5)        0.000000            0.000000 

                                XL( PC6)        0.000000            0.000000 
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                                XL( PC7)        0.000000            0.000000 

                                XL( PC8)        0.000000            0.000000 

                                XL( PC9)        90612.35            0.000000 

                               XL( PC10)        90612.35            0.000000 

                               XL( PC11)        90612.35            0.000000 

                               XL( PC12)        90612.35            0.000000 

                               XL( PC13)        90612.35            0.000000 

                               XL( PC14)        90612.35            0.000000 

                               XL( PC15)        90612.35            0.000000 

                               XL( PC16)        20000.00            0.000000 

                               XL( PC17)        20000.00            0.000000 

                               XL( PC18)        20000.00            0.000000 

                               XL( PC19)        50000.00            0.000000 

                               XL( PC20)        50000.00            0.000000 

                                CC( PC1)        0.000000            0.000000 

                                CC( PC2)        0.000000            0.000000 

                                CC( PC3)        0.000000            0.000000 

                                CC( PC4)        0.000000            0.000000 

                                CC( PC5)        0.000000            0.000000 

                                CC( PC6)        0.000000            0.000000 

                                CC( PC7)        0.000000            0.000000 

                                CC( PC8)        0.000000            0.000000 

                                CC( PC9)        18.96000            0.000000 

                               CC( PC10)        18.96000            0.000000 

                               CC( PC11)        18.96000            0.000000 

                               CC( PC12)        18.96000            0.000000 

                               CC( PC13)        18.96000            0.000000 

                               CC( PC14)        18.96000            0.000000 

                               CC( PC15)        18.96000            0.000000 

                               CC( PC16)        4.500000            0.000000 

                               CC( PC17)        4.500000            0.000000 

                               CC( PC18)        4.500000            0.000000 

                               CC( PC19)        22.75000            0.000000 

                               CC( PC20)        22.75000            0.000000 

                                OC( PC1)       0.3421350            0.000000 

                                OC( PC2)       0.2737080            0.000000 

                                OC( PC3)       0.1710675            0.000000 

                                OC( PC4)       0.6158430            0.000000 

                                OC( PC5)       0.4105620            0.000000 

                                OC( PC6)       0.3079215            0.000000 

                                OC( PC7)       0.2737080            0.000000 

                                OC( PC8)       0.2052810            0.000000 

                                OC( PC9)        3.500000            0.000000 

                               OC( PC10)        3.500000            0.000000 

                               OC( PC11)        3.500000            0.000000 

                               OC( PC12)        3.500000            0.000000 

                               OC( PC13)        3.500000            0.000000 

                               OC( PC14)        3.500000            0.000000 

                               OC( PC15)        3.500000            0.000000 

                               OC( PC16)        1.100000            0.000000 

                               OC( PC17)        1.100000            0.000000 

                               OC( PC18)        1.100000            0.000000 

                               OC( PC19)        2.500000            0.000000 

                               OC( PC20)        2.500000            0.000000 

                        A_POVC( M1, PC1)       -1.000000            0.000000 

                        A_POVC( M1, PC2)       -1.000000            0.000000 

                        A_POVC( M1, PC3)       -1.000000            0.000000 

                        A_POVC( M1, PC4)       -1.000000            0.000000 

                        A_POVC( M1, PC5)       -1.000000            0.000000 

                        A_POVC( M1, PC6)       -1.000000            0.000000 

                        A_POVC( M1, PC7)       -1.000000            0.000000 

                        A_POVC( M1, PC8)       -1.000000            0.000000 

                        A_POVC( M1, PC9)        0.000000            0.000000 

                       A_POVC( M1, PC10)        0.000000            0.000000 

                       A_POVC( M1, PC11)        0.000000            0.000000 

                       A_POVC( M1, PC12)        0.000000            0.000000 

                       A_POVC( M1, PC13)        0.000000            0.000000 

                       A_POVC( M1, PC14)        0.000000            0.000000 
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                       A_POVC( M1, PC15)        0.000000            0.000000 

                       A_POVC( M1, PC16)        0.000000            0.000000 

                       A_POVC( M1, PC17)        0.000000            0.000000 

                       A_POVC( M1, PC18)        0.000000            0.000000 

                       A_POVC( M1, PC19)        0.000000            0.000000 

                       A_POVC( M1, PC20)        0.000000            0.000000 

                        A_POVC( M2, PC1)        0.000000            0.000000 

                        A_POVC( M2, PC2)        0.000000            0.000000 

                        A_POVC( M2, PC3)        0.000000            0.000000 

                        A_POVC( M2, PC4)        0.000000            0.000000 

                        A_POVC( M2, PC5)        0.000000            0.000000 

                        A_POVC( M2, PC6)        0.000000            0.000000 

                        A_POVC( M2, PC7)        0.000000            0.000000 

                        A_POVC( M2, PC8)        0.000000            0.000000 

                        A_POVC( M2, PC9)        0.000000            0.000000 

                       A_POVC( M2, PC10)        0.000000            0.000000 

                       A_POVC( M2, PC11)        0.000000            0.000000 

                       A_POVC( M2, PC12)        0.000000            0.000000 

                       A_POVC( M2, PC13)        0.000000            0.000000 

                       A_POVC( M2, PC14)        0.000000            0.000000 

                       A_POVC( M2, PC15)        0.000000            0.000000 

                       A_POVC( M2, PC16)        0.000000            0.000000 

                       A_POVC( M2, PC17)        0.000000            0.000000 

                       A_POVC( M2, PC18)        0.000000            0.000000 

                       A_POVC( M2, PC19)        0.000000            0.000000 

                       A_POVC( M2, PC20)        0.000000            0.000000 

                        A_POVC( M3, PC1)      -0.3520000            0.000000 

                        A_POVC( M3, PC2)      -0.3520000            0.000000 

                        A_POVC( M3, PC3)      -0.3520000            0.000000 

                        A_POVC( M3, PC4)      -0.3520000            0.000000 

                        A_POVC( M3, PC5)      -0.3520000            0.000000 

                        A_POVC( M3, PC6)      -0.3520000            0.000000 

                        A_POVC( M3, PC7)      -0.3520000            0.000000 

                        A_POVC( M3, PC8)      -0.3520000            0.000000 

                        A_POVC( M3, PC9)        0.000000            0.000000 

                       A_POVC( M3, PC10)        0.000000            0.000000 

                       A_POVC( M3, PC11)        0.000000            0.000000 

                       A_POVC( M3, PC12)        0.000000            0.000000 

                       A_POVC( M3, PC13)        0.000000            0.000000 

                       A_POVC( M3, PC14)        0.000000            0.000000 

                       A_POVC( M3, PC15)        0.000000            0.000000 

                       A_POVC( M3, PC16)        0.000000            0.000000 

                       A_POVC( M3, PC17)        0.000000            0.000000 

                       A_POVC( M3, PC18)        0.000000            0.000000 

                       A_POVC( M3, PC19)        0.000000            0.000000 

                       A_POVC( M3, PC20)        0.000000            0.000000 

                        A_POVC( M4, PC1)      -0.1380000            0.000000 

                        A_POVC( M4, PC2)      -0.1380000            0.000000 

                        A_POVC( M4, PC3)      -0.1380000            0.000000 

                        A_POVC( M4, PC4)      -0.1380000            0.000000 

                        A_POVC( M4, PC5)      -0.1380000            0.000000 

                        A_POVC( M4, PC6)      -0.1380000            0.000000 

                        A_POVC( M4, PC7)      -0.1380000            0.000000 

                        A_POVC( M4, PC8)      -0.1380000            0.000000 

                        A_POVC( M4, PC9)        0.000000            0.000000 

                       A_POVC( M4, PC10)        0.000000            0.000000 

                       A_POVC( M4, PC11)        0.000000            0.000000 

                       A_POVC( M4, PC12)        0.000000            0.000000 

                       A_POVC( M4, PC13)        0.000000            0.000000 

                       A_POVC( M4, PC14)        0.000000            0.000000 

                       A_POVC( M4, PC15)        0.000000            0.000000 

                       A_POVC( M4, PC16)        0.000000            0.000000 

                       A_POVC( M4, PC17)        0.000000            0.000000 

                       A_POVC( M4, PC18)        0.000000            0.000000 

                       A_POVC( M4, PC19)        0.000000            0.000000 

                       A_POVC( M4, PC20)        0.000000            0.000000 

                        A_POVC( M5, PC1)      -0.4590000            0.000000 

                        A_POVC( M5, PC2)      -0.4590000            0.000000 
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                        A_POVC( M5, PC3)      -0.4590000            0.000000 

                        A_POVC( M5, PC4)      -0.4590000            0.000000 

                        A_POVC( M5, PC5)      -0.4590000            0.000000 

                        A_POVC( M5, PC6)      -0.4590000            0.000000 

                        A_POVC( M5, PC7)      -0.4590000            0.000000 

                        A_POVC( M5, PC8)      -0.4590000            0.000000 

                        A_POVC( M5, PC9)        0.000000            0.000000 

                       A_POVC( M5, PC10)        0.000000            0.000000 

                       A_POVC( M5, PC11)        0.000000            0.000000 

                       A_POVC( M5, PC12)        0.000000            0.000000 

                       A_POVC( M5, PC13)        0.000000            0.000000 

                       A_POVC( M5, PC14)        0.000000            0.000000 

                       A_POVC( M5, PC15)        0.000000            0.000000 

                       A_POVC( M5, PC16)        0.000000            0.000000 

                       A_POVC( M5, PC17)        0.000000            0.000000 

                       A_POVC( M5, PC18)        0.000000            0.000000 

                       A_POVC( M5, PC19)        0.000000            0.000000 

                       A_POVC( M5, PC20)        0.000000            0.000000 

                        A_POVC( M6, PC1)       -2.042000            0.000000 

                        A_POVC( M6, PC2)       -2.042000            0.000000 

                        A_POVC( M6, PC3)       -2.042000            0.000000 

                        A_POVC( M6, PC4)       -2.042000            0.000000 

                        A_POVC( M6, PC5)       -2.042000            0.000000 

                        A_POVC( M6, PC6)       -2.042000            0.000000 

                        A_POVC( M6, PC7)       -2.042000            0.000000 

                        A_POVC( M6, PC8)       -2.042000            0.000000 

                        A_POVC( M6, PC9)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC10)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC11)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC12)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC13)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC14)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC15)       0.9400000E-01        0.000000 

                       A_POVC( M6, PC16)        0.000000            0.000000 

                       A_POVC( M6, PC17)        0.000000            0.000000 

                       A_POVC( M6, PC18)        0.000000            0.000000 

                       A_POVC( M6, PC19)        0.000000            0.000000 

                       A_POVC( M6, PC20)        0.000000            0.000000 

                        A_POVC( M7, PC1)        20.69000            0.000000 

                        A_POVC( M7, PC2)        20.69000            0.000000 

                        A_POVC( M7, PC3)        20.69000            0.000000 

                        A_POVC( M7, PC4)        20.69000            0.000000 

                        A_POVC( M7, PC5)        20.69000            0.000000 

                        A_POVC( M7, PC6)        20.69000            0.000000 

                        A_POVC( M7, PC7)        20.69000            0.000000 

                        A_POVC( M7, PC8)        20.69000            0.000000 

                        A_POVC( M7, PC9)       -1.000000            0.000000 

                       A_POVC( M7, PC10)       -1.000000            0.000000 

                       A_POVC( M7, PC11)       -1.000000            0.000000 

                       A_POVC( M7, PC12)       -1.000000            0.000000 

                       A_POVC( M7, PC13)       -1.000000            0.000000 

                       A_POVC( M7, PC14)       -1.000000            0.000000 

                       A_POVC( M7, PC15)       -1.000000            0.000000 

                       A_POVC( M7, PC16)        0.000000            0.000000 

                       A_POVC( M7, PC17)        0.000000            0.000000 

                       A_POVC( M7, PC18)        0.000000            0.000000 

                       A_POVC( M7, PC19)        0.000000            0.000000 

                       A_POVC( M7, PC20)        0.000000            0.000000 

                        A_POVC( M8, PC1)        19.52200            0.000000 

                        A_POVC( M8, PC2)        19.52200            0.000000 

                        A_POVC( M8, PC3)        19.52200            0.000000 

                        A_POVC( M8, PC4)        19.52200            0.000000 

                        A_POVC( M8, PC5)        19.52200            0.000000 

                        A_POVC( M8, PC6)        19.52200            0.000000 

                        A_POVC( M8, PC7)        19.52200            0.000000 

                        A_POVC( M8, PC8)        19.52200            0.000000 

                        A_POVC( M8, PC9)       0.2425000            0.000000 

                       A_POVC( M8, PC10)       0.2425000            0.000000 
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                       A_POVC( M8, PC11)       0.2425000            0.000000 

                       A_POVC( M8, PC12)       0.2425000            0.000000 

                       A_POVC( M8, PC13)       0.2425000            0.000000 

                       A_POVC( M8, PC14)       0.2425000            0.000000 

                       A_POVC( M8, PC15)       0.2425000            0.000000 

                       A_POVC( M8, PC16)        0.000000            0.000000 

                       A_POVC( M8, PC17)        0.000000            0.000000 

                       A_POVC( M8, PC18)        0.000000            0.000000 

                       A_POVC( M8, PC19)        0.000000            0.000000 

                       A_POVC( M8, PC20)        0.000000            0.000000 

                        A_POVC( M9, PC1)        0.000000            0.000000 

                        A_POVC( M9, PC2)        0.000000            0.000000 

                        A_POVC( M9, PC3)        0.000000            0.000000 

                        A_POVC( M9, PC4)        0.000000            0.000000 

                        A_POVC( M9, PC5)        0.000000            0.000000 

                        A_POVC( M9, PC6)        0.000000            0.000000 

                        A_POVC( M9, PC7)        0.000000            0.000000 

                        A_POVC( M9, PC8)        0.000000            0.000000 

                        A_POVC( M9, PC9)      -0.2970000            0.000000 

                       A_POVC( M9, PC10)      -0.2970000            0.000000 

                       A_POVC( M9, PC11)      -0.2970000            0.000000 

                       A_POVC( M9, PC12)      -0.2970000            0.000000 

                       A_POVC( M9, PC13)      -0.2970000            0.000000 

                       A_POVC( M9, PC14)      -0.2970000            0.000000 

                       A_POVC( M9, PC15)      -0.2970000            0.000000 

                       A_POVC( M9, PC16)        0.000000            0.000000 

                       A_POVC( M9, PC17)        0.000000            0.000000 

                       A_POVC( M9, PC18)        0.000000            0.000000 

                       A_POVC( M9, PC19)        0.000000            0.000000 

                       A_POVC( M9, PC20)        0.000000            0.000000 

                       A_POVC( M10, PC1)        0.000000            0.000000 

                       A_POVC( M10, PC2)        0.000000            0.000000 

                       A_POVC( M10, PC3)        0.000000            0.000000 

                       A_POVC( M10, PC4)        0.000000            0.000000 

                       A_POVC( M10, PC5)        0.000000            0.000000 

                       A_POVC( M10, PC6)        0.000000            0.000000 

                       A_POVC( M10, PC7)        0.000000            0.000000 

                       A_POVC( M10, PC8)        0.000000            0.000000 

                       A_POVC( M10, PC9)       0.2070000            0.000000 

                      A_POVC( M10, PC10)       0.2070000            0.000000 

                      A_POVC( M10, PC11)       0.2070000            0.000000 

                      A_POVC( M10, PC12)       0.2070000            0.000000 

                      A_POVC( M10, PC13)       0.2070000            0.000000 

                      A_POVC( M10, PC14)       0.2070000            0.000000 

                      A_POVC( M10, PC15)       0.2070000            0.000000 

                      A_POVC( M10, PC16)        0.000000            0.000000 

                      A_POVC( M10, PC17)        0.000000            0.000000 

                      A_POVC( M10, PC18)        0.000000            0.000000 

                      A_POVC( M10, PC19)       -1.000000            0.000000 

                      A_POVC( M10, PC20)       -1.000000            0.000000 

                       A_POVC( M11, PC1)        0.000000            0.000000 

                       A_POVC( M11, PC2)        0.000000            0.000000 

                       A_POVC( M11, PC3)        0.000000            0.000000 

                       A_POVC( M11, PC4)        0.000000            0.000000 

                       A_POVC( M11, PC5)        0.000000            0.000000 

                       A_POVC( M11, PC6)        0.000000            0.000000 

                       A_POVC( M11, PC7)        0.000000            0.000000 

                       A_POVC( M11, PC8)        0.000000            0.000000 

                       A_POVC( M11, PC9)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC10)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC11)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC12)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC13)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC14)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC15)       0.7530000E-01        0.000000 

                      A_POVC( M11, PC16)       -1.000000            0.000000 

                      A_POVC( M11, PC17)       -1.000000            0.000000 

                      A_POVC( M11, PC18)       -1.000000            0.000000 
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                      A_POVC( M11, PC19)        0.000000            0.000000 

                      A_POVC( M11, PC20)        0.000000            0.000000 

                       A_POVC( M12, PC1)        0.000000            0.000000 

                       A_POVC( M12, PC2)        0.000000            0.000000 

                       A_POVC( M12, PC3)        0.000000            0.000000 

                       A_POVC( M12, PC4)        0.000000            0.000000 

                       A_POVC( M12, PC5)        0.000000            0.000000 

                       A_POVC( M12, PC6)        0.000000            0.000000 

                       A_POVC( M12, PC7)        0.000000            0.000000 

                       A_POVC( M12, PC8)        0.000000            0.000000 

                       A_POVC( M12, PC9)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC10)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC11)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC12)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC13)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC14)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC15)       0.5580000E-01        0.000000 

                      A_POVC( M12, PC16)        0.000000            0.000000 

                      A_POVC( M12, PC17)        0.000000            0.000000 

                      A_POVC( M12, PC18)        0.000000            0.000000 

                      A_POVC( M12, PC19)        0.000000            0.000000 

                      A_POVC( M12, PC20)        0.000000            0.000000 

                       A_POVC( M13, PC1)        0.000000            0.000000 

                       A_POVC( M13, PC2)        0.000000            0.000000 

                       A_POVC( M13, PC3)        0.000000            0.000000 

                       A_POVC( M13, PC4)        0.000000            0.000000 

                       A_POVC( M13, PC5)        0.000000            0.000000 

                       A_POVC( M13, PC6)        0.000000            0.000000 

                       A_POVC( M13, PC7)        0.000000            0.000000 

                       A_POVC( M13, PC8)        0.000000            0.000000 

                       A_POVC( M13, PC9)        0.000000            0.000000 

                      A_POVC( M13, PC10)        0.000000            0.000000 

                      A_POVC( M13, PC11)        0.000000            0.000000 

                      A_POVC( M13, PC12)        0.000000            0.000000 

                      A_POVC( M13, PC13)        0.000000            0.000000 

                      A_POVC( M13, PC14)        0.000000            0.000000 

                      A_POVC( M13, PC15)        0.000000            0.000000 

                      A_POVC( M13, PC16)        0.000000            0.000000 

                      A_POVC( M13, PC17)        0.000000            0.000000 

                      A_POVC( M13, PC18)        0.000000            0.000000 

                      A_POVC( M13, PC19)        0.000000            0.000000 

                      A_POVC( M13, PC20)        0.000000            0.000000 

                       A_POVC( M14, PC1)        0.000000            0.000000 

                       A_POVC( M14, PC2)        0.000000            0.000000 

                       A_POVC( M14, PC3)        0.000000            0.000000 

                       A_POVC( M14, PC4)        0.000000            0.000000 

                       A_POVC( M14, PC5)        0.000000            0.000000 

                       A_POVC( M14, PC6)        0.000000            0.000000 

                       A_POVC( M14, PC7)        0.000000            0.000000 

                       A_POVC( M14, PC8)        0.000000            0.000000 

                       A_POVC( M14, PC9)        0.000000            0.000000 

                      A_POVC( M14, PC10)        0.000000            0.000000 

                      A_POVC( M14, PC11)        0.000000            0.000000 

                      A_POVC( M14, PC12)        0.000000            0.000000 

                      A_POVC( M14, PC13)        0.000000            0.000000 

                      A_POVC( M14, PC14)        0.000000            0.000000 

                      A_POVC( M14, PC15)        0.000000            0.000000 

                      A_POVC( M14, PC16)        0.000000            0.000000 

                      A_POVC( M14, PC17)        0.000000            0.000000 

                      A_POVC( M14, PC18)        0.000000            0.000000 

                      A_POVC( M14, PC19)        0.000000            0.000000 

                      A_POVC( M14, PC20)        0.000000            0.000000 

                       A_POVC( M15, PC1)        0.000000            0.000000 

                       A_POVC( M15, PC2)        0.000000            0.000000 

                       A_POVC( M15, PC3)        0.000000            0.000000 

                       A_POVC( M15, PC4)        0.000000            0.000000 

                       A_POVC( M15, PC5)        0.000000            0.000000 

                       A_POVC( M15, PC6)        0.000000            0.000000 
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                       A_POVC( M15, PC7)        0.000000            0.000000 

                       A_POVC( M15, PC8)        0.000000            0.000000 

                       A_POVC( M15, PC9)        0.000000            0.000000 

                      A_POVC( M15, PC10)        0.000000            0.000000 

                      A_POVC( M15, PC11)        0.000000            0.000000 

                      A_POVC( M15, PC12)        0.000000            0.000000 

                      A_POVC( M15, PC13)        0.000000            0.000000 

                      A_POVC( M15, PC14)        0.000000            0.000000 

                      A_POVC( M15, PC15)        0.000000            0.000000 

                      A_POVC( M15, PC16)        0.000000            0.000000 

                      A_POVC( M15, PC17)        0.000000            0.000000 

                      A_POVC( M15, PC18)        0.000000            0.000000 

                      A_POVC( M15, PC19)        0.000000            0.000000 

                      A_POVC( M15, PC20)        0.000000            0.000000 

                       A_POVC( M16, PC1)        0.000000            0.000000 

                       A_POVC( M16, PC2)        0.000000            0.000000 

                       A_POVC( M16, PC3)        0.000000            0.000000 

                       A_POVC( M16, PC4)        0.000000            0.000000 

                       A_POVC( M16, PC5)        0.000000            0.000000 

                       A_POVC( M16, PC6)        0.000000            0.000000 

                       A_POVC( M16, PC7)        0.000000            0.000000 

                       A_POVC( M16, PC8)        0.000000            0.000000 

                       A_POVC( M16, PC9)        0.000000            0.000000 

                      A_POVC( M16, PC10)        0.000000            0.000000 

                      A_POVC( M16, PC11)        0.000000            0.000000 

                      A_POVC( M16, PC12)        0.000000            0.000000 

                      A_POVC( M16, PC13)        0.000000            0.000000 

                      A_POVC( M16, PC14)        0.000000            0.000000 

                      A_POVC( M16, PC15)        0.000000            0.000000 

                      A_POVC( M16, PC16)        0.000000            0.000000 

                      A_POVC( M16, PC17)        0.000000            0.000000 

                      A_POVC( M16, PC18)        0.000000            0.000000 

                      A_POVC( M16, PC19)        0.000000            0.000000 

                      A_POVC( M16, PC20)        0.000000            0.000000 

                       A_POVC( M17, PC1)        0.000000            0.000000 

                       A_POVC( M17, PC2)        0.000000            0.000000 

                       A_POVC( M17, PC3)        0.000000            0.000000 

                       A_POVC( M17, PC4)        0.000000            0.000000 

                       A_POVC( M17, PC5)        0.000000            0.000000 

                       A_POVC( M17, PC6)        0.000000            0.000000 

                       A_POVC( M17, PC7)        0.000000            0.000000 

                       A_POVC( M17, PC8)        0.000000            0.000000 

                       A_POVC( M17, PC9)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC10)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC11)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC12)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC13)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC14)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC15)       0.4800000E-01        0.000000 

                      A_POVC( M17, PC16)      -0.4750000E-02        0.000000 

                      A_POVC( M17, PC17)      -0.4750000E-02        0.000000 

                      A_POVC( M17, PC18)      -0.4750000E-02        0.000000 

                      A_POVC( M17, PC19)      -0.1430000            0.000000 

                      A_POVC( M17, PC20)      -0.1430000            0.000000 

                       A_POVC( M18, PC1)        0.000000            0.000000 

                       A_POVC( M18, PC2)        0.000000            0.000000 

                       A_POVC( M18, PC3)        0.000000            0.000000 

                       A_POVC( M18, PC4)        0.000000            0.000000 

                       A_POVC( M18, PC5)        0.000000            0.000000 

                       A_POVC( M18, PC6)        0.000000            0.000000 

                       A_POVC( M18, PC7)        0.000000            0.000000 

                       A_POVC( M18, PC8)        0.000000            0.000000 

                       A_POVC( M18, PC9)      -0.4100000            0.000000 

                      A_POVC( M18, PC10)      -0.4100000            0.000000 

                      A_POVC( M18, PC11)      -0.4100000            0.000000 

                      A_POVC( M18, PC12)      -0.4100000            0.000000 

                      A_POVC( M18, PC13)      -0.4100000            0.000000 

                      A_POVC( M18, PC14)      -0.4100000            0.000000 
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                      A_POVC( M18, PC15)      -0.4100000            0.000000 

                      A_POVC( M18, PC16)        0.000000            0.000000 

                      A_POVC( M18, PC17)        0.000000            0.000000 

                      A_POVC( M18, PC18)        0.000000            0.000000 

                      A_POVC( M18, PC19)        0.000000            0.000000 

                      A_POVC( M18, PC20)        0.000000            0.000000 

                       A_POVC( M19, PC1)        0.000000            0.000000 

                       A_POVC( M19, PC2)        0.000000            0.000000 

                       A_POVC( M19, PC3)        0.000000            0.000000 

                       A_POVC( M19, PC4)        0.000000            0.000000 

                       A_POVC( M19, PC5)        0.000000            0.000000 

                       A_POVC( M19, PC6)        0.000000            0.000000 

                       A_POVC( M19, PC7)        0.000000            0.000000 

                       A_POVC( M19, PC8)        0.000000            0.000000 

                       A_POVC( M19, PC9)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC10)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC11)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC12)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC13)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC14)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC15)       0.2680000E-01        0.000000 

                      A_POVC( M19, PC16)        0.000000            0.000000 

                      A_POVC( M19, PC17)        0.000000            0.000000 

                      A_POVC( M19, PC18)        0.000000            0.000000 

                      A_POVC( M19, PC19)        0.000000            0.000000 

                      A_POVC( M19, PC20)        0.000000            0.000000 

                       A_POVC( M20, PC1)        0.000000            0.000000 

                       A_POVC( M20, PC2)        0.000000            0.000000 

                       A_POVC( M20, PC3)        0.000000            0.000000 

                       A_POVC( M20, PC4)        0.000000            0.000000 

                       A_POVC( M20, PC5)        0.000000            0.000000 

                       A_POVC( M20, PC6)        0.000000            0.000000 

                       A_POVC( M20, PC7)        0.000000            0.000000 

                       A_POVC( M20, PC8)        0.000000            0.000000 

                       A_POVC( M20, PC9)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC10)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC11)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC12)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC13)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC14)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC15)       0.1980000E-01        0.000000 

                      A_POVC( M20, PC16)        0.000000            0.000000 

                      A_POVC( M20, PC17)        0.000000            0.000000 

                      A_POVC( M20, PC18)        0.000000            0.000000 

                      A_POVC( M20, PC19)        0.000000            0.000000 

                      A_POVC( M20, PC20)        0.000000            0.000000 

                       A_POVC( M21, PC1)        0.000000            0.000000 

                       A_POVC( M21, PC2)        0.000000            0.000000 

                       A_POVC( M21, PC3)        0.000000            0.000000 

                       A_POVC( M21, PC4)        0.000000            0.000000 

                       A_POVC( M21, PC5)        0.000000            0.000000 

                       A_POVC( M21, PC6)        0.000000            0.000000 

                       A_POVC( M21, PC7)        0.000000            0.000000 

                       A_POVC( M21, PC8)        0.000000            0.000000 

                       A_POVC( M21, PC9)        0.000000            0.000000 

                      A_POVC( M21, PC10)        0.000000            0.000000 

                      A_POVC( M21, PC11)        0.000000            0.000000 

                      A_POVC( M21, PC12)        0.000000            0.000000 

                      A_POVC( M21, PC13)        0.000000            0.000000 

                      A_POVC( M21, PC14)        0.000000            0.000000 

                      A_POVC( M21, PC15)        0.000000            0.000000 

                      A_POVC( M21, PC16)       0.4650000            0.000000 

                      A_POVC( M21, PC17)       0.4650000            0.000000 

                      A_POVC( M21, PC18)       0.4650000            0.000000 

                      A_POVC( M21, PC19)      -0.1690000            0.000000 

                      A_POVC( M21, PC20)      -0.1690000            0.000000 

                       A_POVC( M22, PC1)        0.000000            0.000000 

                       A_POVC( M22, PC2)        0.000000            0.000000 
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                       A_POVC( M22, PC3)        0.000000            0.000000 

                       A_POVC( M22, PC4)        0.000000            0.000000 

                       A_POVC( M22, PC5)        0.000000            0.000000 

                       A_POVC( M22, PC6)        0.000000            0.000000 

                       A_POVC( M22, PC7)        0.000000            0.000000 

                       A_POVC( M22, PC8)        0.000000            0.000000 

                       A_POVC( M22, PC9)        0.000000            0.000000 

                      A_POVC( M22, PC10)        0.000000            0.000000 

                      A_POVC( M22, PC11)        0.000000            0.000000 

                      A_POVC( M22, PC12)        0.000000            0.000000 

                      A_POVC( M22, PC13)        0.000000            0.000000 

                      A_POVC( M22, PC14)        0.000000            0.000000 

                      A_POVC( M22, PC15)        0.000000            0.000000 

                      A_POVC( M22, PC16)       0.5350000            0.000000 

                      A_POVC( M22, PC17)       0.5350000            0.000000 

                      A_POVC( M22, PC18)       0.5350000            0.000000 

                      A_POVC( M22, PC19)        0.000000            0.000000 

                      A_POVC( M22, PC20)        0.000000            0.000000 

                       A_POVC( M23, PC1)        0.000000            0.000000 

                       A_POVC( M23, PC2)        0.000000            0.000000 

                       A_POVC( M23, PC3)        0.000000            0.000000 

                       A_POVC( M23, PC4)        0.000000            0.000000 

                       A_POVC( M23, PC5)        0.000000            0.000000 

                       A_POVC( M23, PC6)        0.000000            0.000000 

                       A_POVC( M23, PC7)        0.000000            0.000000 

                       A_POVC( M23, PC8)        0.000000            0.000000 

                       A_POVC( M23, PC9)        0.000000            0.000000 

                      A_POVC( M23, PC10)        0.000000            0.000000 

                      A_POVC( M23, PC11)        0.000000            0.000000 

                      A_POVC( M23, PC12)        0.000000            0.000000 

                      A_POVC( M23, PC13)        0.000000            0.000000 

                      A_POVC( M23, PC14)        0.000000            0.000000 

                      A_POVC( M23, PC15)        0.000000            0.000000 

                      A_POVC( M23, PC16)      -0.1564000            0.000000 

                      A_POVC( M23, PC17)      -0.1564000            0.000000 

                      A_POVC( M23, PC18)      -0.1564000            0.000000 

                      A_POVC( M23, PC19)      -0.2220000E-01        0.000000 

                      A_POVC( M23, PC20)      -0.2220000E-01        0.000000 

                       A_POVC( M24, PC1)        0.000000            0.000000 

                       A_POVC( M24, PC2)        0.000000            0.000000 

                       A_POVC( M24, PC3)        0.000000            0.000000 

                       A_POVC( M24, PC4)        0.000000            0.000000 

                       A_POVC( M24, PC5)        0.000000            0.000000 

                       A_POVC( M24, PC6)        0.000000            0.000000 

                       A_POVC( M24, PC7)        0.000000            0.000000 

                       A_POVC( M24, PC8)        0.000000            0.000000 

                       A_POVC( M24, PC9)        0.000000            0.000000 

                      A_POVC( M24, PC10)        0.000000            0.000000 

                      A_POVC( M24, PC11)        0.000000            0.000000 

                      A_POVC( M24, PC12)        0.000000            0.000000 

                      A_POVC( M24, PC13)        0.000000            0.000000 

                      A_POVC( M24, PC14)        0.000000            0.000000 

                      A_POVC( M24, PC15)        0.000000            0.000000 

                      A_POVC( M24, PC16)        0.000000            0.000000 

                      A_POVC( M24, PC17)        0.000000            0.000000 

                      A_POVC( M24, PC18)        0.000000            0.000000 

                      A_POVC( M24, PC19)       0.7600000            0.000000 

                      A_POVC( M24, PC20)       0.7600000            0.000000 

                       A_POVC( M25, PC1)        0.000000            0.000000 

                       A_POVC( M25, PC2)        0.000000            0.000000 

                       A_POVC( M25, PC3)        0.000000            0.000000 

                       A_POVC( M25, PC4)        0.000000            0.000000 

                       A_POVC( M25, PC5)        0.000000            0.000000 

                       A_POVC( M25, PC6)        0.000000            0.000000 

                       A_POVC( M25, PC7)        0.000000            0.000000 

                       A_POVC( M25, PC8)        0.000000            0.000000 

                       A_POVC( M25, PC9)        0.000000            0.000000 

                      A_POVC( M25, PC10)        0.000000            0.000000 
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                      A_POVC( M25, PC11)        0.000000            0.000000 

                      A_POVC( M25, PC12)        0.000000            0.000000 

                      A_POVC( M25, PC13)        0.000000            0.000000 

                      A_POVC( M25, PC14)        0.000000            0.000000 

                      A_POVC( M25, PC15)        0.000000            0.000000 

                      A_POVC( M25, PC16)        0.000000            0.000000 

                      A_POVC( M25, PC17)        0.000000            0.000000 

                      A_POVC( M25, PC18)        0.000000            0.000000 

                      A_POVC( M25, PC19)       0.1900000            0.000000 

                      A_POVC( M25, PC20)       0.1900000            0.000000 

                       A_POVC( M26, PC1)        0.000000            0.000000 

                       A_POVC( M26, PC2)        0.000000            0.000000 

                       A_POVC( M26, PC3)        0.000000            0.000000 

                       A_POVC( M26, PC4)        0.000000            0.000000 

                       A_POVC( M26, PC5)        0.000000            0.000000 

                       A_POVC( M26, PC6)        0.000000            0.000000 

                       A_POVC( M26, PC7)        0.000000            0.000000 

                       A_POVC( M26, PC8)        0.000000            0.000000 

                       A_POVC( M26, PC9)        0.000000            0.000000 

                      A_POVC( M26, PC10)        0.000000            0.000000 

                      A_POVC( M26, PC11)        0.000000            0.000000 

                      A_POVC( M26, PC12)        0.000000            0.000000 

                      A_POVC( M26, PC13)        0.000000            0.000000 

                      A_POVC( M26, PC14)        0.000000            0.000000 

                      A_POVC( M26, PC15)        0.000000            0.000000 

                      A_POVC( M26, PC16)        0.000000            0.000000 

                      A_POVC( M26, PC17)        0.000000            0.000000 

                      A_POVC( M26, PC18)        0.000000            0.000000 

                      A_POVC( M26, PC19)       0.5000000E-01        0.000000 

                      A_POVC( M26, PC20)       0.5000000E-01        0.000000 

                       A_POVC( M27, PC1)        0.000000            0.000000 

                       A_POVC( M27, PC2)        0.000000            0.000000 

                       A_POVC( M27, PC3)        0.000000            0.000000 

                       A_POVC( M27, PC4)        0.000000            0.000000 

                       A_POVC( M27, PC5)        0.000000            0.000000 

                       A_POVC( M27, PC6)        0.000000            0.000000 

                       A_POVC( M27, PC7)        0.000000            0.000000 

                       A_POVC( M27, PC8)        0.000000            0.000000 

                       A_POVC( M27, PC9)        0.000000            0.000000 

                      A_POVC( M27, PC10)        0.000000            0.000000 

                      A_POVC( M27, PC11)        0.000000            0.000000 

                      A_POVC( M27, PC12)        0.000000            0.000000 

                      A_POVC( M27, PC13)        0.000000            0.000000 

                      A_POVC( M27, PC14)        0.000000            0.000000 

                      A_POVC( M27, PC15)        0.000000            0.000000 

                      A_POVC( M27, PC16)        0.000000            0.000000 

                      A_POVC( M27, PC17)        0.000000            0.000000 

                      A_POVC( M27, PC18)        0.000000            0.000000 

                      A_POVC( M27, PC19)       0.5400000E-01        0.000000 

                      A_POVC( M27, PC20)       0.5400000E-01        0.000000 

                       A_POVC( M28, PC1)        0.000000            0.000000 

                       A_POVC( M28, PC2)        0.000000            0.000000 

                       A_POVC( M28, PC3)        0.000000            0.000000 

                       A_POVC( M28, PC4)        0.000000            0.000000 

                       A_POVC( M28, PC5)        0.000000            0.000000 

                       A_POVC( M28, PC6)        0.000000            0.000000 

                       A_POVC( M28, PC7)        0.000000            0.000000 

                       A_POVC( M28, PC8)        0.000000            0.000000 

                       A_POVC( M28, PC9)        0.000000            0.000000 

                      A_POVC( M28, PC10)        0.000000            0.000000 

                      A_POVC( M28, PC11)        0.000000            0.000000 

                      A_POVC( M28, PC12)        0.000000            0.000000 

                      A_POVC( M28, PC13)        0.000000            0.000000 

                      A_POVC( M28, PC14)        0.000000            0.000000 

                      A_POVC( M28, PC15)        0.000000            0.000000 

                      A_POVC( M28, PC16)        0.000000            0.000000 

                      A_POVC( M28, PC17)        0.000000            0.000000 

                      A_POVC( M28, PC18)        0.000000            0.000000 
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                      A_POVC( M28, PC19)       0.3400000E-01        0.000000 

                      A_POVC( M28, PC20)       0.3400000E-01        0.000000 

                       A_POVC( M29, PC1)        0.000000            0.000000 

                       A_POVC( M29, PC2)        0.000000            0.000000 

                       A_POVC( M29, PC3)        0.000000            0.000000 

                       A_POVC( M29, PC4)        0.000000            0.000000 

                       A_POVC( M29, PC5)        0.000000            0.000000 

                       A_POVC( M29, PC6)        0.000000            0.000000 

                       A_POVC( M29, PC7)        0.000000            0.000000 

                       A_POVC( M29, PC8)        0.000000            0.000000 

                       A_POVC( M29, PC9)        0.000000            0.000000 

                      A_POVC( M29, PC10)        0.000000            0.000000 

                      A_POVC( M29, PC11)        0.000000            0.000000 

                      A_POVC( M29, PC12)        0.000000            0.000000 

                      A_POVC( M29, PC13)        0.000000            0.000000 

                      A_POVC( M29, PC14)        0.000000            0.000000 

                      A_POVC( M29, PC15)        0.000000            0.000000 

                      A_POVC( M29, PC16)        0.000000            0.000000 

                      A_POVC( M29, PC17)        0.000000            0.000000 

                      A_POVC( M29, PC18)        0.000000            0.000000 

                      A_POVC( M29, PC19)       0.8500000E-01        0.000000 

                      A_POVC( M29, PC20)       0.8500000E-01        0.000000 

                       A_POVC( M30, PC1)        0.000000            0.000000 

                       A_POVC( M30, PC2)        0.000000            0.000000 

                       A_POVC( M30, PC3)        0.000000            0.000000 

                       A_POVC( M30, PC4)        0.000000            0.000000 

                       A_POVC( M30, PC5)        0.000000            0.000000 

                       A_POVC( M30, PC6)        0.000000            0.000000 

                       A_POVC( M30, PC7)        0.000000            0.000000 

                       A_POVC( M30, PC8)        0.000000            0.000000 

                       A_POVC( M30, PC9)        0.000000            0.000000 

                      A_POVC( M30, PC10)        0.000000            0.000000 

                      A_POVC( M30, PC11)        0.000000            0.000000 

                      A_POVC( M30, PC12)        0.000000            0.000000 

                      A_POVC( M30, PC13)        0.000000            0.000000 

                      A_POVC( M30, PC14)        0.000000            0.000000 

                      A_POVC( M30, PC15)        0.000000            0.000000 

                      A_POVC( M30, PC16)        0.000000            0.000000 

                      A_POVC( M30, PC17)        0.000000            0.000000 

                      A_POVC( M30, PC18)        0.000000            0.000000 

                      A_POVC( M30, PC19)       0.1400000E-01        0.000000 

                      A_POVC( M30, PC20)       0.1400000E-01        0.000000 

 

A.3. Additional Information 

Other detailed information for this thesis, including process matrix tables, process data, 

LINGO files, and optimisation results can be obtained in the link below: 

https://www.dropbox.com/sh/58y70e9bhf0hf6d/AAAI-XNOmdC6_ajrE-CmWFeYa?dl=0 

https://www.dropbox.com/sh/58y70e9bhf0hf6d/AAAI-XNOmdC6_ajrE-CmWFeYa?dl=0

