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Abstract

It is undeniable that activities and events withinwzer, energy, and food (WEF) securitgxusare
inextricably linked and their relationships numerous and substataialplexity increases when factors
governng the daily lives of humanity namely social, technology advancement, environment, economic,
and policies (STEEP) adds upon the difficulty in addressing the relationghigp#usparamount to
address the problems from a holistic and systematic agprmamaximise benefits as well as to
minimize the negative impacts upon one another. However, there exists little to zero means of
measuring their performance, whether qualitatively or quantitatively, within the context of a nexus.
Moreover, minimal undetanding exists regarding the relationships betwidbenWEF securities in
Malaysia, an emerging economy rich in natural resoywrzeish envisions to be a developed nation.

This research sought to establish a measurement system for the WEF security Matagdia within

the context of resource security wellbeing, sectoral balance, and sustainable development using a
System Dynamics (SD) approach. This entailed an extensive literature review and qualitative interview
with key stakeholders from the induatrsectors. The front end of the SD process is concerned with
obtaining important and relevant information from literature and interviews, which are then used to
construct causabop diagrams (CLD)The back end of the SD is concerned with convertingtties

into a stock and flow diagram (SFD), which provides a platform for quantitative simulation of different

well-designedscenarios.

Key findingsfrom this researcltan be highlightedthese includerenewablesare necessary for the
long-termenergy plarof Malaysia, nuclear power is necessary to keep electricity tariff low, water tariff

of supply and services are severely low, increasingsselff f i ci ency | evel (SSL)
food is important, undeutilised crops are efficient in meeting right requirements, and cash crops
imposed systemic stressesupon the water sector more than the energy sectGonsequently,
recommendations for policy makemge suggested accordingly achiewe a reasonableroportionof

RE penetration, providing eduga on nuclear benefits, centralising and streamlining water
governance, socieconomic improvement of water economics, increase SSL of staple food, embark

upon widespread adoption of local unditized crops, and controlling land use of Aod crops.

The outcome of this research forms a vital and novel contribution to knowledge, when it is a pioneering
work to address the WEF security nexus for Malaysia; especially in considering their securities for the
country as a system rather than unaffectedviddal entities. This work will contribute towards
spearheading the awareness and, hopefully, trigger further and matetinwork in transdisciplinary
resource and technology management. As a pioneering effort, this research has nonetheless provided
thefoundation and the fundamental understanding to an integrative and inclusiveartusal national

resource backbonelhe WEF security nexus measurement system of Malaysia.
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Definitions

Nexus

Water Security

Energy Security

Food Security

Composite Index

Indicator

A connection or series of connections linking two or nesrgties

The capacity of a population to safeguard sustainable access to ad
guantities of acceptable quality water for sustaining livelihobdaan
well-being, and socieconomic development, for ensuring protect
against wateborne pollution and wateelated disasters, and fi

preserving ecosystems in a climate of peace and political stability.

The IEA defines energy sedtyr as the uninterrupted availability «
energy sources at an affordable price. Energy security has many a
long-term energy security mainly deals with timely investments to su
energy in line with economic developments and environmental need
the other hand, shetérm energy security focuses on the ability of
energy system to react promptly to sudden changes in the sigmpind

balance.

Food security is a situation that exists when all people, at all times,
physical,social and economic access to sufficient, safe and nutritious
that meets their dietary needs and food preferences for an activ

healthy life.

A composite index is a grouping of equities, indexes or other fa
combined in a statardized way, providing a useful statistical measur
overall market or sector performance over time, and it is also kr

simply as a "composite."”

A measurable factor, metric, or fact to represent the state or le\

subject of interest
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Chapter 1 Introduction

1.1Background and Motivation

Water and food are amongst the most important basic necessities to sustain human life. In this context,
energy is also equally important as it is necessary to produce, process and transport the former two.
Aboutones event h of t he wor | da&écesesspoospcuré watei, enargycamddoed n ot
supply. As the global population is set to reach 8.5 billion by Z0BQhe challenges in managing

scarcity and security of water, energy and food resources become increasingly pressing by the day. On
top of that, urbanisation, globalisation, rising standard of living, overall increase in the demand of
resources alongside tradés in climate change, and soeégonomic sectors magnify the challenges

in securing and safguarding those resources even further.

1.1.1 Water

iwWater security is defined here as the capacity
adequate quantities of acceptable quality water for sustaining livelihoods, humdneing|land socio

economic development, for ensuring préimt against wateborne pollution and wateelated

di saster s, and for preserving ecosy.sThiewasthei n a ¢
definition of water security given by UN/ater[2]. From the definition, it is clear that water security

is not just about securing veaitin acceptable quality and quantity, but to do so in a manner such that
sustainability of all important aspects involving human, environment, economy as wellpglities

is ensured.

Whilst civilisation and economic development are improving in memyntries, much work still
remains to beompletedn improving the state of water issues globalifne current state of affairs of

water security around the world is not optimiséis,shown by the following facts and figures:

1 Water crises ranked #1 djal risk by World Economic Foruf].
1 Projected 55% of global demand of water from 2000 to 20p0

1 1.7 billion people living in areas where water use exceeds recfadrge

19



=A =/ =2 =4

1in 10 people lack improved drinking water souf&s
8 in 10 people lack access to improved drinking waier the number is increasifj.
1.8 billion people use faescabntaminated watdi].

Millennium Development Goal (MDG) target for basic sanitation was missed by 700 million

people[6].
1 in 3 people still lack improved sanitation facilit{€$.
1 in 8 people practises open defecaf®n

1.5% ofgross domestic produ@&DP) of developing countries loss as a result of lack of access
to improved water sanitatidB].

Great variation in priorities given to public water expendit{@gs

1 in 3 developing countries unable to cover basic operation and management costs of water
utilities [10].

Freshwater withdrawals for energy production to increase by 20% through12035
Agricultureds share [ water withdrawal s i

People livingin river basins under severe water stress expected to increase from 1.6 billion in
2000 to 3.9 billion in 205(4].

57 countries without publicly available information to flows of wastewater generated, treated,

or reused[13].

Average coverage of wastewater treatment rate are 70% irinttigine countries, 33%n

middle-income countries, and 8% in lewvcome countriegl3].

Nitrogen and phosphorus effluents are expected to grow by 180% and 150% respectively
between 2000 and 2050 global4y.

4.2 billion people affected by floods, droughts, and storms between 1992 and 2p12
USD 1.3 trillion in economic losses from watetated disasters between 1992 and 2[142.

Expected economic value of assets at risk to increase to USD 45 trillion by42050
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1.1.2 Energy

The world is faced with challenges of ensuring
uninterrupted availabil ity o15] Histoscally, yorresnewable e s a't
resources such as coal, oil, and natural gas have been used for power generation until recently where
renewables are gaining bigger slsaire the industry16]. Recently, energy price shock and instapili

has been ranked in one of the top 10 global risks in terms of impact by the World Economic Forum
[3,17i 21]. Efforts looking into renewable and future enesgstems are gaining huge momentum from
around the world such as the recent nAffordabl

Development GoalR2]. Some facts and figures concerning energy issues worldwide:

1 Demand of oil grows by 900 kb/day until 2020 and then to ré@&5 million b/day in 2040
[23].

1 Global energy demand to increase by 32% from 2013 to X340

9 Electricity consumption to grow by more than 70% to 2040, with 550 million people still

without access to electricif23].

1 Projected 34.2 Gt in 2020 and 44.1 Gt of &issions, if current policiescenario remains
unchanged?23].

1 World consumption of marketed energy to grow from 549 quadrillion Btu in 2012 to 629
guadrillion Btu in 2020 to 815 quadrillion Btu in 2040 (48% increase from-204D)[24].

1  World use of petroleum grows from 90 million b/d in 2012 to 100 million b/d in 2020 and 121
million b/d in 2040[24].

1 Share of energy used for power generation to increase from 42% to 45% 22035

1.1.3 Food

Food, along with water, is a basic necessity to sustain life. World Food Summit of 1996 defined food
security as fAFood security exists whencceasitd peopl
sufficient, safe and nutritious food to meet their dietary needs and food preferences for an active and
heal t Iji2g]. With an evesincreasing global population, ensuring food security will always be one

of the main challenges as it is not only crucial for survival, it also plays a critical role in ensuring good

health. In 2009 in the world food summit, theokdd Summit for Food Security stated the four pillars
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of food security, which are availability, access, sdiiion, and stability27]. The World Food Summit
held in 2017 focused on key themes of better information, safer food, culinary diversity, and prevention

of food wastg28]. Facts and figures concerning world hunger and food security:
1 More than 1 billion people suffering from hunger and povia.
1 1in 7 people do not have sufficient protein and energy from theif2@ipt

1 Majority of hungry people live in developing countries wh&Pe9% of their populations are

undernourishefBO0].

9 Largest number of hungry people in Asia continent (largest hunger burden in Southern Asia:
281.4 million)[30i 34].

91 3.1 million children per year die of poor nutrition caufSy.
1 16.6% of children are underweight in developing nat[80%.
1 1in 3 people are employed in Agriculture globdB$].

91 Cereals yield have tripled over the last fifty yei@6].

9 Projections forbusiness as usual scenario to 2030 will still leave 653 million people

undernourishe{B6].

1 37% of global&nd area is agricultural larf@7].

1.2 The WaterEnergy-Food Security Nexus

Traditionally, key industrial players, not exclusive to the water, energy and food sectors, act
independently of one another, treating external or other factors (or resource) separate from their own,
otherwise known as silthinking [38,39] Decisions involving investments and policies were often

made in overlooked narrowly focused fashion. It was not until recently when diverse stakeholders
namely industrial expes from WEF sectors as well as policy makéatk seriously about the inter
relationships of the wat er -enemyf eorogdy (aWED-[30]. cncedk us @&
Researchers and poligyiakers have acknowledged and emphasized the fact that the WEF security
nexus interrelationships are indeed complex. However, it is also recognized that there is relatively

minimal understanding on how to address these complex redaipmm

It is undeniable that activities and events within the sectors of water, energy, and food are inextricably

linked and their relationships are numerous and substantial. For example, water is used for mining,
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extracting, processing, and refining og§il fuels, as well as generating steam for and cooling of power
plants[41]. Energy prodution are also highly water intensive and polluting as returned water could
increase surface water temperature and pollute the local water source, which disrupts the ecosystem.
Besides that, energy is required in the water industry to treat, desalingtly, sunol distribute water
through treatment plant, irrigation network and long chain of dip&k In the food sector, the links

are demonstrated through the withdrawals of watdraragricultural sector which accounts for 70% of

all freshwater consumption as well as energy used during the irrigation, harvesting, and transporting of
crops[42]. The energyfood link is also emphasized when the price of food increases quickly after the
increase in globalibprice [43].

It is important to consider and address the water, energy, and food resources holistically and
systematically because it is evident that intrinsic relationships exist betweeie@n top of that,
complexity increases when factors governing the daily lives of humanity such as economy, social,
technology advancement and policies adds upon the difficulty iressidg the relationshij40,44]

Since it became apparent that completely solving problems involving any one resouacwioinf
insolation to others is ineffective and courpeoductive[45], it is paramount to address the problems
from a holistic and systematic approach so as to maximise the benefitdl aswo minimize the

negative impacts on one another.

However, the system of WEF security nexus are different from one region to another, due to several
factors such as geographical location, developmental history, culture, and etc. As such, ararigle ge
WEF security nexus solution may not exist, and even if it did, it may not be effective for all countries.
Consequently, a unique country such as Malaysia does possess its own unique WEF security nexus

problems and solutions.

1.3 Water, Energy, and Bod Security for Malaysia

Malaysia, with a population of 31 millio6], is a developing nation located in SoutheasaAs
bordered by Singapore, Thailand, Indonesia, and Brunei. Having a landmass of 33¢ 8ad keing
surrounded by the Straits of Malacca, South China Sea, and the Sulu Sea, Malaysia is blessed with an
abundance of natural resources such as petroledorahgas, and various minerals. Malaysia, having

one of the best economic record in Asia for almost 50 years have an annual GDP of approximately 6%,
which was traditionally fuelled by natural resource exports, has recently expanded into sectors of

manufaturing, science, tourism, services and commerce.
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Mal aysi ads energy | andscape is |l argely defined a
peninsular, Sabah Electricity Sdn. Bhd. (SESB) in Sabah, and Sarawak Electricity Supply Corporation
(SES@®) in Sarawak. With a total of 420 transmission substations, 11,000 km of transmission lines,

and a total power capacity of 29,728 MW in 2013; total electricity generation was 140,985 GWh out of
which 123,076 GWh was consumdd]. The electricity fuel mix in Malaysia is largely based on natural

gas, coal, and hydroelectric, with traces percentage of biomass, soldieseld The consumption of

energy in Malaysia can largely be broken down into several sectors namely transport (43.3%), industrial
(26.2%), residential and commercial (14.4%), semergy use (14.1%), and agriculture and fishery
(2.1%)[47]. During the Tenth Malaysia Plan, rural electricity coverage reached 948%

Surrounded by a deep strait and two seas, and hauiog and wet season throughout the year, water
resources in Malaysia are abundant and available. On top of that, Peninsular Malaysia is drenched by a
vast network of rivers with the longest being the Pahang River (434 km), as well as Kelantan,
TerengganuDungun, Endau, and Sedili rivers running into South China[@&aln East Malaysia,

the longest river is the Rajang River in Sarawak, which is 563 km, also running into South China Sea.

Estimated at about 580 Rfyear, the water availability is equivalent to 3000p@r capita per year.

Theagricul tur al sector in Malaysia makes up 12%
population. The large scale agricultural products dominating agricultural exports from Malaysia consist

of palm oil (PO), rubber, and cocoa. These commodities doomitiloute towards addressing and
ensuring food security for Malaysia directly or significantly, notwithstanding the fact that there are
fruits being grown on small scales for the domestic market. Price and affordability has become a major
factor in determrming food security because Malaysia imports most of its staple food e.g. rice, sugar,
wheat flour, and cooking o[b0]. Consequently, the strength of the Ringgit Malaysia (RM) against

foreign currencies has become a factor in food security.

24



1.4 Problem statement

While we can measure and calculate the performances of each sector (water, energy, and food)
individually, there is little to no means of measuring their performance holistically within the context

of a nexus. Important parametersiswas resource use efficiency and traffe between and within

each sectors are not fully understood. On top of that, sectorial policies to run the water, energy, and
food industries as well as national policies to propel a nédiavard, which are supped to improve

the livelihoods of the peoplere continuously being formed with the absence of this knowledge. As
such, the policies formed may not be effective due to a lack of understanding. Consequently, side effects
and negative impacts to the sociedgonomy, and environment, which are not immediately apparent,
may emerge over time due to the poorly developed policies. These problems arise because there is a
lack of understanding of how each sector performs in relation to each other as well eshglishd

also a lack of means to simulate and measure, within the context of a nexus, the behaviours of key
variables over time under different policy scenarios. The problems are very relevant and important to
Malaysia, an emerging economy rich in natuesources which envisions to be a developed nation by
2020, because failure of addressing them in an effective and efficient manner could potentially hinder

and cripple the country from achieving its aims.

1.5ResearchObjectives

Upon establishinghe problem statementt, is then possible to establish tresearctobjectives for this

research accordingly.

ROL1. To investigate the intrinsic relationship between water, energy and food in a developing nation

such as Malaysia and establish the definifmman optimum WEF security nexus.
RO2. To construct a causal loop diagram (CLD) the WEF security nexus in Malaysia.
RO3. To construct stock and flow diagram (SHRD) the WEF security nexus in Malaysia.

RO4. To critically analysethe welltbeing of WHE- security nexus on Malaysibased upon inputs of

interview and simulated results of SFD
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1.6 Research Questions

Upon forming theresearclhobjectives, the research questions can be derived accordingly. Research
guestions are necessary to provide #search with a guideline and direction to propel the research
work. This section outlines and establishes the research questions.

1. What is the current state and intrinsic relationships between the water, energy and food (agriculture
and land use) in a deleping nation, such as Malaysia, within the context of a nexus?

2. What are the identifiable and measurabl e par am

what are the interactions between them?

3. How do the values, behaviours, and relationshipgh® identified parameters represent the well

being of WEF security nexus of Malaysia?

4. What are the impacts of current activities in the nexus on the climate esmiomics, and

sustainable development of a ggmnomic region such as Malaysia?

1.7 Thesis Outline

Chapter 1 provides a brief introduction, as well as facts and figures for water, energy, and food securities
individually before supplementing a more holistic explanation of the WEF security nexus and its context
for Malaysia. Subsequently, @oblem statement is given with which aims, objectives and research

guestions are outlined.

Chapter 2 presents a critical literature review on past WEF security nexus works, by classifying them
into types, scale, and themes of study. Types of study\ddediinto quantitative and qualitative, scale

of studies into global and regional, and themes of study into technological, social, economic,
environmental, and policy.he chapter also includes a review of WEF in other regions and techniques

to measure WE. This chapter proceeds to adopt generic definitions, by critical analysis of identified
dimensions, for each respective resource security, namely water, energy, andih®ddllowing

sections look into the various development goals and plans globalglhas in Malaysia such as the
Millennium Development Goals, Sustainable Development Goals, and national Malaysia plans. A brief
comparison between developed and developing countries is then provided to enhance the understanding
of WEF security nexus af country. Subsequently, a review is conducted on the individual WEF

security sectors of Malaysia in order to put forward the key attributes of each respective sectors.
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Literature review on methodology used has also been conducted, namely systems dhichlsypstem
dynamics(SD).

Chapter 3 is the methodology chapter that beginsrbyiding a research process flow which outlines

all work done in the researdidpon identifying the need for a systemic method, a comparative analysis
between different systamapproaches is given before the euahtselection of SDConcepts oSD

and the modelling process are then presented and discussed. Accompanysiiynie¢hod is an
interview process used in the initial stages of the modelling process, which areahtzateldThen,

the chapter elaborates on the process of interview which includes interviewee screening and selection
process, question design, and trueffalse questionnaire. Subsequently, selection of variables and
indicators for CLD and SFD respectivelyere explainedThe chapter concludes with an explanation

of verification and validation plans, which are divided into three parts namely validation of causal loop

diagram models, verification of stock and flow model, and validation of stock and flow model.

Chapter 4 startsut by presenting interview inputs and understanding into the WEF sectors of Malaysia.
Subsequently, béectoral relationships of resource sectors in Malaysia are pro@ddedequently, the

chapter provides a@onceptual framework fothe WEF security nexus of Malaysi&loving on,
measuring of resource securities are discussed, where key indicators of each respective sectors are put
forward. The chapter then preserite final causal loop diagrams (CLD) constructed, alongside the
justifications and rationale of each model. This part serves to provide an understanding into the
gualitative relationships between variables, where their structures are result of literature review and

interview efforts. Earlier iterationsf the CLDs can be foxd in Appendix II.

Chaptelb lays out the stock and flodiagrams (SFD) constructed foelsim simulation. This chapter

is divided into numerous stdection which details the structure for each specific part, accompanied
with thdr justification, rationale, and equations. The SFDs are constructed with guidance from the
CLDs from chapter 5. Each equation is also associated with the units they are meadBedaorén.

ending the chapter, a base case validation of SFD was carried out.

Chapter Grovidesthe design of seven scenarios, with which consisting of more specigcsuhrios.
The scenarios are designed based upon the understanding acquired from chatdrise2seventh
scenario is designed as a result of combinationnatetstandings from the results of previous six
scenarios, which serves to illustrate the holistic understanding of WEF security nexus in Maftgrsia.

every design of scenario, each subseqgbi@sents the results of simulation of SFDs construéacdh

27



resultis led by relevant graphs of key indicators, alongside accompanying discussion for each particular

scenario. The chapter is concluded with the results and discussion of the seventh scenario

Chapter7 concludes thisesearch. The chapter first pratethe research conclusions and fulfilment of
research objectives, by elaborating on how they have been achieved. Then, a list of recommendations
is provided to improve the WEF security nexus of Malaysia. Then it is followed by a description on the
contributions of this research. Last but not least are the limitations of research and suggestion of further

works.
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Chapter 2 Literature Review

2.1 Introduction

The first part of thi€hapter provides a criticedviewon the WEF security nexus researcloegff which

have beertarried outin the pastThis is conducted by classifying the works into types of study, scale

of study, and themes of study. The purposes of this review are to lay the groundwork for the
understanding of WEF security nexus, to essiibknowledge on WEF security nexus research status,

and to provide a reference point from which WEF security nexus for Malaysia can commence.
Subsequently, the WEF security nexus in other regions as well as techniques to measure WEF have
been explored. Nexthis chapter look#to the relevance and position of WEF security nexus within
development goals, internationally as well as in Malaysigrnational development goals consist of

the Millennium Development Goals (MDG) and the Sustainable Developfeats (SDG). In
Malaysia, the tenth and eleventh Malaysia plans are looked at. The third part of this chapter presents an
understanding into the current status as well as past efforts into the individual sectors of WEF security
in Malaysia, before advandnthe key attributes of WEF security sectors and their relationships for
Malaysia.A literature review has also been conducted on systems thinkirganehich would be the

methodology adopted for this research.

2.2 WEF Security Nexus

WaterEnergyFood(WEF) security nexus represents the relationships between water, energy, and food
security sectors as well as the impacts, due to sectorial ofsiterial activities, any one sector has
on another. The importance of the WEF security nexus stemstisofadt that water, energy, and food
are indeed basic necessities for human survival and to maintain quality of life, and the fact that the

resources are undeniably inextricably linked.

2.3 Critical Analysis of WEF Security Nexus Research Efforts

Table 1 shows a critical summary, arranged chronologically, for the WEF security nexus research
efforts conducted since 2011. The dimensions with which the studies are looked at, on top of their
individual contribution, are types of sty (qualitative or quantitative), scale of study (regional or

global), and themes ofugly (technologicaleconomics, social, environment, and policy).
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Tablel: Comparative Analysis Table for WEF Security Nexus Works

Researcher / Athor / Institution Year Types of Scale of Themes of Study
Study Study
- -
o 8 | o £8 o
S| 5|22 |8|8|8|28 3
(07 o O o [ L N wo o
SE[40] 2011 \% \% \% \% \%
World Economic ForurfiL7] 2011 \% \% \% \% \% \ \
Bazilianet. al. [51] 2011 \% \% \% \% \%
Bachet. al.[52] 2012 \% \% \% \% \Y
ICIMOD[53] 2012 \% \% \% \% \%
Bizikova et. al[54] 2013 \% \ \ \
Adnan[55] 2013 \% \% \Y
FAQO[56] 2014 \% \% \% \% \% \% \% \% \%
Finleyand Seibef45] 2014  V v Y, v v Y%
Bensonet. al. [57] 2015 \% \% \%
Biba[58] 2015V v v v Y,
Biggset. al. [59] 2015 V v Y, v
IRENAG0O] 2015 \% \% \% \% \% \%
Leeseand Meisch[61] 2015 \% \% \% \%
Middleton et. al. [62] 2015 \% \% \% \%
Mukuve and Fennef[63] 2015 \Y \Y, Y, \Y
Rasul[64] 2015 V Y, v v \Y \Y
Smajglet. al. [65] 2015 Y, Vv Vv Y, \% \%
Vanham[66] 2015 \% \% \% Y,
Garciaand You[67] 2016 \% \% \% \% \%
Howarth and Monasterolo[68] 2016 \% \% \% \% \%
Sandersand Masri[69] 2016 \% \% \%
WE(70] 2016  V vV oV \Y v \Y
Martinez-Hernandezt. al. [71] 2017 \% \% \% \%
Siciliano et. al[72] 2017 \% \% \% \% \%
Franz et. a[73] 2017 \% \% \% \% \

Most of the WEF security nexus research work conducted was qualitative and-tgvgbtiiscussion

in nature, which cements the fact that reseamchthis area is indeed at its infancy. Attempts to
understand and portray the understanding of the fundamental WEF security nexus principles were
carried outthrough developments of frameworkhe structure of mostfahe frameworks can be

summaried asm Figurel.
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Figurel: WEF Security Nexus Frameworks' Summary

31




From the framework, it can be seen tlareareinteractions between water and food, food and energy,

as well as energy and water. The re@sewsectors and interactions revolves around a certain central
theme, where it becomes the focus of the WEF nexus research. Outside the resource, interactions, and
central circle lies factors (inputs) which influences the WEF nexus activities, whichinetult in

impacts or results (outputs) such as livelihood, security, and sustainable developments.

2.3.1 Qualitative WEF Works and Framework Proposals

Hoff [40] initiated the global interest in WEF security nexus through his introductory discussion by
showing a wealth of knowledge gap and listed the opportunities for improving the WEF through the
nexus approach. Hoff also provided his framework by putivajlable wateresources as the central
focus, with action fields of society, economy, and environment as inputs to promote the outputs of
resource security, equitable and sustainable growth, and resilient productive envir@meeot.the

most popular discussion onetlaspect of WEF nexus were its interactions and interrelatedness among
the sectors i.e. the traddfs and exchanges performed between the sectors.[40]flised the term

bl oodstreamb to describe water, which plays cent
the connector between water supply, energy, and food sedMotid Economic Forumin their annual

activity of identifying global risks byisting ard ranking risks through stakeholder engagement with
council and survey of leadetsave named WEF security nexus as one of major global problem in 2016
[17]. This yearly event assess the direct and indirect impacts of the identified risks on governments,
societies, and businesses. In addressing the identified risk &f ¥éEurity nexus, this body of
professionals have provided a WEF framework whiels similar inputs of population, economic
growth, and mvironmental pressures to codtitie risks (outputs) of global governance failures,
economic disparity, and geopoliicconflict. World Economic Forunfil7], through their framework,
explicitly showed that bdirectional relationship exist between water and energy security but only a
oneway flow from water and energy security to food secuftgzilian et. al.[51] described and
discussed some linkages of the WEF security nexus in aléngh aggregationbefore which case
studies were performed to provide directions in addressing the WIS discussionhe highlighted

the need to build institutional capactty understand and act on complexity as well as to develop and
apply modelling tool that support integrated decision makBach et. al[52], as a result of
Mekong2Rio conference, presented a synthesis of information of WEF security nexus from the
perspective of transboundary river mgementCapitalising on the WEF security nexus tedge
obtained such agransboundary river challenges, local cultures, economy, and the ecosystem,
improvement initiatives such as establishing policy coherence across nexus and promoting science
policy dialogue were suggestéd.2012, Rasub3] studied the WEF security nexus of South Asia from

the perspectives of agriculture and food production by understarinigtérlinkagesf WEF sectors

32



in the regionAs a result, Rasul proposed a framework wiesteanced water, energy, and food security

are putas the centr al focus and has O6Hi malayan eco
provisioning, regulationsupporting, and cultural factgras the foundation for the nexugizikova et.

al[54] conducted a qualitative review on past and exgstVEF frameworksind identified intervention

points for WEF improvement namely engaging stakeholders, improving policy development,
coordination, and harmonisation, resource planmpngnoting innovation, and influencing policies on
trade and investmestin environment/climate. Consequently, the WEF framework proppsed
utilisation, access, and availability of water, energy, and food in the centre whilst expanding outwards
into their influencing factors namely built and natural systems, as well Esdle scope of governance

and management systemginan[55] attempted to deepen the understandihgVEF security nexus

in his discussion paper by reviewing and discussing on the policy and institutional dimensions of WEF,
analysing the trends of resource security in Asia Pacific, and performing case studies in two regions
namely Central Asia and Mekg River BasinBenson et. a[57] performed a qualitative comparative
analysis between integrated water resource management (I\&iRiMhe WEF security nexus on key
integrativefeatures such as integration of sectors, governance structure, scale, participation level,
resource use, and sustainable developpamd came to the conclusion thatorder for the WEF
security nexus concept to be significantly differeotdror replace IWRM, substantial work of detalil
remains to bexpandedor the WEF security nexus concept to be widely acceféuh [58] in his

article comparethe theories of WEF security nexus concept with the reality on the ground, China and
its southern periphery, and found that a glaring difference exist in terms of goals and achievements.
Considering the challenges highlighted by Biba, namely-fauetgy tasions, human security threats,

and ecological riskgdeas of achieving nexus goals such as rebalancing of nexus goals, concentrating
on enabling factors by Hoffl0], andto factor in political dimensions in the nexus appro&ifgs et.

al.[59], upon reviewing past frameworks of WEF, argues that sustainable livelihood hasbkeeted.

By understanding and integrating the linkages between WEF security sectors and eamntiabnm
livelihood security, Biggs et. al. introduced an integrated-BVE- framework by puttingjivelihoods

as central focusvith influencing factors acting from the outside in order to sustain the wellbeing of
livelihoodWEF nexus. International Renewabldnergy Agency IRENA) [60] discussed the
importance and opportunities for renewable energy intervention int&\BE security nexudy
studying the important energy related links in the WEF security nexus, namelyenatgy links and
food-energy linksLeese and Meiscf61] provided a counterintuitivdiscussiorto the necessitand
sincerityof adopting thaVEF conceptsarguing that the WEF security nexissothing but reframing

from distibutional justice to security of resources. Middleton ef&dl] on the other hand argued that

the nexus can be more effectively framed if environmental justice is introduced into its framework.
Smagl et. al.[65] explicitly emphasized that the bihas to be removed from any one sector as unequal
weightage on any one resource would constrain analysis of the interactions of the entirédsmexus.

result, Smajgl et. al. developed a framework tied population, income, ecosystem services, natural
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resairces, and climate change as the central focus with entry points as energy and foodasawetity

as water acces¥.anham[66] investigated if the water footprif¥VF) concept addresses the water
energyfood-ecosystem (WEFE) systerand found thatWF only address agriculture, industry, and
domestic water. Vanham suggests to add a host of relevant indicators to WF accounting in order to be
coherent with the wateenergyfood-ecosystem nexussarcia and Yoy67] discussed the research
challenges of WEF security nexus and identified opportunities of improvement froracasgr
engineering perspective. The difficulties faced by WEF security nexus researchers are such as the nature
of WEF security nexus research being msdtale, multtemporal, and mukspatial.Sanders and Masri

[69] explored the use of remote sensing technologies in WEF security nexus, by first understanding
their uses in each sectors respectivBgmote sensing technologies are able to address a few of the
WEF security neus management challenges such as fragmented expertise and institutions, mismatched
spatialtemporal resolution, data management issues, cost and deployment issues, policy issues, and life
cycle assessment consideratioirs.2016, World Energy Council (WE(70] in their report of
managing risk of the WIEsecurity nexus arouriie globe reported key findings namely energy is the
second largest freshwater user after agriculture, risks posed by WEF security nexus will become more
significant, rising water demands and uncertainty of water availability, tiedum usable water
capacity could impact power plants, lack of locatimecific knowledge on water issueisks posed

by the WEF nexus are often exacerbated, and -troster cooperation is an iss&anz et. al[73]
investigated the potential afsing global production networfGPN) approach to analyse so€io
economic relations within the context of WEF security nexuidising methods ofcase study,
stakeholder interviewsnd qualitative content analysisyas found thathe GPN approach can assist

in filling the gap of having an analytical framework for addressing the complexities of WEF

interrelationships as well as issudgymbalisation.

2.3.2 Quantitative WEF Works

Despite the large number of qualitative analysis, a numbeffatsto quantitatively analyse the WEF

security nexus have been carried out.

Foad and Agriculture OrganizatiofiFrAO) [56] proposed drameworkthathas management of nexus,
namely stakeholderés dial ogue on smmrseopton,indhedev el
middle with drivers, which range from population growth to technology and innovation, as inputs to
eventually result in the ultimate social, economic, and environmental goals and interests of water,
energy, and food=AO [56] suggested that upon identifying key indicators (readily obtainable from

relevant international organizations or iaitves) from linkages matrices, either one of two
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guantification methods can be used, namelydétailed nexus assessmetiich uses readily available

key indicators collected by national authorities andN@xus rapid appraisalvhere quantification is

achieved through building of atbc nexus indicators becaudaek of data is a key barrieks depicted

in Figure2, FAOO s

guantitative

assessment can be divi

application of input/atput tools, assessment of interventions, and comparison of interventions.

5 CONTEXT Qualitative analysis
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6‘ sustainability indicators
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sustainability indicators
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Intervention matrices
(resource use efficiency indicators)
IV. Comparison of interventions
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RESPONSE OPTIONS
A\ 4 on strategic vision, policies, regulations, institutional settings and interventions (

Figure2: FAO Nexus Assessmefi6]

Finley and Seibefd5] used quantitative data of important and relevant WEF indicators swehters

withdrawal and consumptioraverage levelised cost of etacity (LCOE), CQ emissions, energy

efficiency of food calories, and etc. to discuss on the interlinkages in the WEF securityMhause

and Fennef63] performed a twestep quantitative analytical approach which involves geospatial

analysis (which examines agricultural resource deficits and surpluses at different regional scale) of

Ugandads resource | imits

a n dh varomuk esthgles of fgod systamo ur ¢ e

(production, processing, distribution, and consumption). Through this method, Mukuve and Fenner

managed to show, within the context of food system, graphically and numerically the constraints and

interactions of water, lan@nd energy resources in Uganda regidartinezHernandez et. a[71]

used the NexSym tool, which on a local scale modele@ated technological and ecologl processes,

to simulate and analyse the effects of various components of a local nexus system in atblkneco

Figure 3 illustratesthe technological and ecological interrelationships as investigated by Martinez

Hernandez etl. [71].
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Figure3: Techneecological Interactions in WEF by Martinéfernandez et. a71]

Siciliano et. al[72] performed a resource assessmdnith evaluates linkages betwdand acquisition

and availability of land and water in target countridgege analysiswhich involves (i) estiration of land

and water, (ii) analysis of competition of water, (iii) quantitative assessment of available water and land
resources, and (iv) analysis of resource scarstipwed that complex traaéfs exist between water,
energy, and food resources.

2.4 WEF in Other Regions

Various WEFsecuritynexusrelated researches have been conducted in other regions. This section

reviews the WEF security nexus researches in other regions, which vary in terms of scale, context, and
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sectors involved. However, & necessary to understand works or WEF in other regions as it establishes

a basis for comparison to that of Malaysia.

Hardy et. al[74]a s s e s s e d Sepeagy meRus by \irat taking into consideration other studies

t hat anal ys eederg®eqlements@rsl thensevakiate water needs in power plants. With an
annual water withdrawaf 35000 Mnf and watetrelated energy consumption of 16500 GWh, energy

per water use of Spain is estimated to be at 0.45 kW griculture in Spain, largest water user, uses

58 % of total water distributed. ac®pnsifonbhoener gy
waterrelated energy use, where water use in generating technologies ranges from/@8 o

791676 MYGWh.

Keskinen et. al[75] explored the WEF security nexus of Tonle Sap Lake, which is closely connected

to the transboundary Mekong River. By defining two research components, namely (1) hydrology and
water resources and (2) livelihoods and food security, WEF links in thenereaunderstood and
described. For the first analysis, it was discovered that climate change do impact the Mekong River and
the Tonle Sap system by causing changes to rainfall and temperature in the area. For the second analysis,
it was found that a strgnlink exists between livelihood and food security of the population of Tonle

Sap because over 65 % of the workforce are either involved with agriculture or fishing. Additionally,
simulation showed that the hydropower stations in Mekong would adversety #fé population of

Tonle Sap, much more than climate change.

Spiegelberg et. al76] investigated the WEF relationships between upstream farmers and downstream
fishermen at Dampalit sulvatershed of Laguna Lake, Philippines. By surveying 176 households and
utilising a socieecological network, it was found that there different livelihood profiles for the two
groups, whilst there is no direct social links between them. Wiabek links can be found in usage of

surface water for irrigation of agroforestry and groundwater for production of food.

Yang et. al[77] researched on the land and water requirements for biofuel, differentiated by feedstock

of maize, cassava, sugarcane, sugarbeets, sweet potato, rapeseeds, and soybean, production in China.
Utilising the water footprint concé@and developing a similar method for land footprint, results vary

from the minimum of sugarcane (1.47/mwater footprint, 1.9 L land footprint) to the maximum

of soybean (15.63 L water footprint, 28.40 AL land footprint). Furthermore, 34 % of the

countryés annual mai ze production is consumed fo
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Karatayev et. a[78] presented key elemenexjuired to implement nexdmmsed resource management

in Kazakhstan by identifying linkages between water resources, energy production, and agriculture. By
understanding key WEF areas, such as water use in generating capacities, transboundary river water
changes, and energy types, it was learned that if current practices of energy system remain the same,
there will be significant water stress. Challenges highlighted were that the country is experiencing rapid
population and economic growth as well as irgft infrastructure and resource management which

results in high water losses.

2.5 Techniques to Measure WEF

This subsection presents the techniques and literature review to measure and assess the WEF security
nexus. There exist a numbafrworks, peformed by Semertzidig79], Keairns[80], Endo et. al[81]
and Albrecht et. al[82], where methods of measuring and assessing ¥é€grity nexus have been

reviewed.

Semertzidig79] reviewed the suitability of adapting energy systems modelling tool for resource nexus
type research, such as the WEF security neSamertzidis divided the models into two categories,
namely topdown and bottorup. Topdown models are wch as econometric models, computable
general equilibrium (CGE) models, inpotitput models, an&D models. Bottorrup models include
optimization models, simulation models, partial equilibrium models, and -agdtt models.
Subsequently, Semertzidis sugtgal possibility of addressing the resource nexus by using modelling
tools such as OSeMOSYS (Open Source Energy System MddARKAL/TIMES (Market
Allocation/The Integrated MARKAL EFOM System), LEAP (Longnge Energy Alternatives
Planning), GTAP (GlobalTrade Analysis Project), DynEMo (Dynamic Energy ModdPOLES
(Prospective Outlook on LorAgrm Energy Systems), PRIMES (Priceluced Market Equilibrium
System), and E3ME (Econometric EneffggvironmentEconomy Model).

Endo et. al[81] created teams to identify research problems and deteronioreate new methods to
assess the WEF security nextiable2 shows the classified methods, as created, in two main categories
namely qualitative and quantitative. Questionnaire surveys is promising in terms of gathenmanperti
information on the interelationships of different nexus resources. Ontology engineering is capable of
creating a knowledgebase that computers can directly add methdatpated maps can support
implementation of synthesized policies between Hred land the sea, on top of being capable of

restoring and maintaining their interdependeriebysical models simulates reality systems using
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mat hemati cal formalisation of icdste anatysissfaciitane® s phy

comparison for arenvironmentakelated project its economic benefits with its economic costs.
Integrated indicesallows for quantitative description and operationalisation of any system, regardless
of complexity. Optimisation management models provides a method to aptftasation of resource

that is linked to many other resources that may also cross physical, political, and administrative

boundaries.

Table2: WEF methodology and taxonomy as adopted from Endo €i8H].

Type of Data Functions Interdisciplinary Research Approaches Trans-Disciplinary

Primary Secondary Methods Unification Visualization Evaluation Simulation Research Approaches

Qualitative Methods

y R Questionnaire Surveys v N \ . N
-- - Ontology Engineering v v v N Y
v v Integrated Maps v V N N N

Quantitative Methods

y - Physical Models \ v v \’ \’

V v Benefit-Cost Analysis v v v - Y

y y Integrated Indices \ V v \’ \’
Optimization |

V V \ v v y y

Management Models

Albrecht et. al]82] conducted a systemic review on methods for nexus assessment, by analysing past
WEF security nexus researchés. a result, eleven categories of nexus methods were found, namely
environmental management, economic, indicators, statigasal science, integrated modelling,
systems analysis, geospatial, hydrologic modelling, energy modelling, and food systditisnally,

nexus analytical approaches can be summarised into four key features namely innovation, influence of

context, collabration, and implementation.

2.6 Defining Resource Security

Whilst it is important to address WEF security nexus as a whole, on top of addressing them separately,
it is paramount to establish the definition of water security, energy security, and towiysie the

first place as it would build the foundation for determining the importance of any key indicators, factors
or variables within and between each sectors respectively. As also demonstrated in a number of studies

[83i 88], precise dehition of any particular subject is important for ensuing processes or procedures.
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In the case for this research, establishing the definitions of water, energy, and food securities serves the

following purposes:

1. To draw the boundary between what (facteegiables, key indicators, etc.) is categorized

as water, energy, or food security related / relevant and what is not.

2. To allow critical analysis and discussion of identified key indicators with relation to the

definition in terms of relevance and impanmte.

On selecting the definitions, identifying key dimensions which are complementary to the definitions
are necessary to help in deciding which definitions to adopt. They form the selection criteria for which
the various definitions will be compared. &'default set of dimensions have been determined by the

most comprehensive definitions available.

2.6.1 International Definition of Water Security

Throughout the years, numerous international organizations and academic researchers attempted to
defineodescri be what they understand as O6water secu
been coined owing to the context of which they were studied under as well as the evolving
circumstances over time. On top of that, as opposed to energy asdioodty which could only be a

problem due to insufficient quantity, water is unique in a sense that having too much can prove
destructive[89]. Early definitions of water security which included terms such as productive life,
ecosystems, and food producti@3i 92] showed grasp and understanding of water security as a multi

di mensi onal concept .[91] fmedtidnedntmeaimplriarsce ol byEsolidarity i o n

bet ween riverds upstream and downstream | iving.
concise and comprehensive in recent years as all of the dimensions of availability, affordability,

accessibility, adequacy, quality, sustainapjland environment were includgaBi 95].

Table3 shows a summary of the different definitions of water secdateloped by various institution
/ researchers and the dimensions of water security addressed by their respective definitions. For the
purpose of this research, a comprehensive and relevant definition of water security is necessary to be

adopted as the wking definition i.e. the definition as given by Water[2]:
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iThe capacity of a population to safeguard s
acceptable quality water for sustaining livelihoods, human-ieihg, and socik@conomic
development, for ensuring protection against exdtorne pollution and waterelated

di sasters, and for preserving ecosystems in &
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Table3: Definitions and Dimensions of Water Security

Author / Year Definition of Water Secity Dimensions of Water Security Looked at
Institution
22z & 5 _ £ 5§ Others
8% S 258 £2
T 2 8 8 S8 % 28
€ 8% 0”2 =24
< < < @ W~
UNWater[2] | 2013 The capacity of a population to safeguard sustainable access to adequate quantities of acce livelihood
quality waer for sustaining livelihoods, human wélking, and soci@conomic development, for human wellbeing
ensuring protection against watdrorne pollution and waterelated disasters, and for preservin vV V V V VERRY. Vv socigeconomic
ecosystems in a climate of peace and political stability. development
water-related disasters
political stability
Norman et al.| 2010 Sustainable access, on a watershed basis, of adequate quantities of water, of acceptable qt humanhealth
[94] to ensure human and ecosystem health kK LA v K
Savenjie and| 2008 Water security implies ensuring that: Freshwater, coastal and related ecosystems are prote« political stability
Van der Zaag and improved; Sustainable development and political stability are promoted; Every person h livelihood
[95] access to enough safe water at an affordable costad la healthy and productive life;and The v V.V V vV Vv \% human welbeing
vulnerable are protected from the risks of waterlated hazards. water-related hazards
Grey and 2007 The availabity of an acceptable quantity and quality of water for health, livelihoods, ecosyste health
Sadoff[89] and production, coupled with an acceptable level of waklated risks to people, environments Vv Vv Vv Vv livelihood
and economies water-related risks
economy
de Loe etal. | 2007 Water security is a muldimensional concept thatecognizes that sufficient good quality water sociceconomy
[90] needed for social, economic and cultural uses while, at the same time, adequate water is vV Vv Vv Vv cultural
required to sustain and enhance important ecosystem functions.
Falkenmark | 2001 water security is linked to a safe water supply and sanitation, water for food production,-hyd water sanitation
[91] solidarity between those living upstream and those living downstream in a river basin and w water polution
pollution avoidance so that the water in afgrs and rivers remains usable, i.e. not too pollutec , v v v
for use for water supply, industrial production, agricultural use or the protection of biodiversi
wetlands and aquatic ecosystems in rivers and coastal waters.
Global Water | 2000 Water security, at any level from the household to the global, means that every person has i livelihood
Partnership to enough safe water at affordable cost to lead a clean, healthy and productive life, while vV V V V v v
[92] ensuring that the natural environment is pratied and enhanced.

42



2.6.2 International Definition of Energy Security

The concept of energy security, as stated by Les[86]| is a contestable concept similar to the

definition of security. It first emerged in the 1970s where supply disruptions and pricdtyatatiked

the Organization of the Petroleum Exporting Cou
revolution in 197997]. The notions or definitions of energy security may vary from country to country
depending on their respective energy profile or national condifg$)99] or through time wére it

evolves and adapt as new dimensions such as supply of oil products, energy sources, and sustainability
emerge as important factors of energy secUyi@®]. Widely used measures of energy security are the

0f our A0GsO of energy security namely aviaol.l abi I i
Early definitions of energy security were spegifig focused in nature such as to quickly recover from

shocks to energy supply or infrastruct{t®1] or to have continuous uninterrupted availabilt®2].

APERC [100] included the economic performance while Sovacool and Brf{@8h included the

environmental dimension.

Table4 shows a collection of energy definitions developed by various institution over time alongside
the dimensions of energgcurity explicitly addresseBor thepurpose of this research, one of the most
recent and updated definitions, given by IEK3], is adopted as the working definition for this

research:

ifiThe | EA defines energy security as the unin
affordable price. Bergy security has many aspects: ldegn energy security mainly deals

with timely investments to supply energy in line with economic developments and
environmental needs. On the other hand, stemrh energy security focuses on the ability of

the energysystem to react promptly to sudden changes inthe sdpplyma nd bal ance. 0

Not only does this definition incorporate the necessary dimensions which evolved over time through
other definitions, it also explicitly includes the notions of léaagn and shofterm aspects of energy
security. For a case such as the WEF nexus in this research, where part of measuring security is
predicting and analysing trends and behaviours of security dimensions, it is necessary to include the

notion of time period.
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Table4: Definitions and Dimensions of Energy Security

Author / Year Definition / Description of Energy Security Dimensions of Energy Security Looked at
Institution
% - Others
2 2 2T sc o <
E B 28 £2 E &
T § £g 2 5 8
> o sg 28 ¢ =
< T o0E fg Y &
IEA[103] 2014 The IEA defines energy security as the uninterrupted availability of energy sour longterm
at an affordable price. Energy security has many aspectsit@ngenergy security aspects
mainly deals with timely investnmés to supply energy in line with economic
developments and environmental needs. On the other hand, staorh energy v v v v v v short—te:m
security focuses on the ability of the energy system to react promptly to sudder aspects
changes in the suppigemand balance.
Nuclear Energy| 2010 Security of energy supply is the resilience of the energy system to unique and physical integrity
Agency, OECD unforeseeable events that threaten the physical integrity of enemmydlor that vV \V vV vV
[104] lead to discontinuous energy price rises, independent of economic fundamenta
Sovacool and | 2010 energy security should be based on the interconnected factors of availability, efficiency
- - : . \Y, \% \%
Brown[99] affordability, efficiency, anénvironmental stewardship.
Energy Researc| 2007 A secure energy supply implies the continuous uninterrupted availability of ene
Centre of the Fd GKS O2yadzYySNna airidsSo
Y, \Y
Netherlands
[102]
APERQL00] 2007 energy security as the ability of an economy to guarantee the availability of ene sustainability
resource supply in a sustainable and timely manner with the energy price beinc V \% \% \%
level that will not adversely affect the economic perfommea of the economy.
Onamicqd101] | 2005 The ability ofa country to protect itself from, or quickly recover from, sudden or Vv Vv Vv infrastructure

prolonged shocks to the country's energy supply or infrastructure
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2.6.3 International Definition of Food Security

The official declaration of food security defion began as early as 1974 when the World Food
Conference focused on food supply and defined fo
world food supplies of basic foodstuffs to sustain a steady expansion of food consumption and to offset
fluctuations i n [pO5]oSimilar toiwater ana erérgypsecurity elafiditions, food

security definition has evolved over time to include other dimensions such as access, food safety,
nutrition, stability as well as preferences. This is due to the evolving nathwenain needs and wants,

as well as the improving quality of human livégaxwell [106] paid special attention to poor and

vulnerable especially women and children when defining food security. Hamm antiiB#Ihcluded

social justice and cultural acceptability in his definition among many other dimensions.

Table5 shows definitions and dimensions of food security developed by numerous authors / institutions.
For the purpose of this research, the food security definition given by FAO in 2001 will be adopted as

the working definition:

AfFood secur i thatexists whan altgeaple,atall tones, have physical, social
and economic access to sufficient, safe and nutritious food that meets their dietary needs and

food preferences for an active and healthy 1

Albeit it may not be the latest definitio,i$ most comprehensive compared to other definitions and is
adopted by many other institutions and researchers. It is also the most comprehensive definitions

compared to others.
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Table5: Definitions and Dimensions of Food Security

Dimensions of Food Security Looked at

Author / Year Definition of Food Security
Institution
A o
e 3 3 I Others
> o Q Q > (o]
£ < 8 £ > 8 § 2 2
g ¢ < —- © =R R o
— ® w“— o = o Pust
= IS o} o © > 5 < 9
> 2 g 2 9 2 2 &6 O
L
Hamm and | 2003 Food security is defined by a situation in which all community residents cultural acceptability
Bell[107] obtain a safe, culturally acceptable, nutritionatiylequate diet through a sustainable food
sustainable food system that maximizes selfance and social justice \% v V V system
selfreliance
social justice
FAQ[108] 2001 Food security is a situation that existghen all people, at all times, hav
physical, social and economic access to sufficient, safe and nutritious foot V V \ V \ \Y V \Y V
meets their dietary needs and food preferences for an active and healthy
USAIQ109] 1999 When all people at all times havaoth physical and economic access v vV v VY.
sufficient food to meet their dietary needs for a productive and healthy life
FAQ[26] 1996 Food security exists when all people, at all times, have physical and ecol
access to sufficient, safe and nutritious food to meet their dietary needs V V V \ \Y V \Y V
food preferences for an active and healthy life.
Maxwell[106] | 1988 A country and people are food secure when their food system operates in food system
a way as to remove the fear that there will not be enough to eat. In partict
food security will be achieved when the poor and vulnerable, particul
. A . v V V vV Vv
women and children and those living in marginal areas, have secure acci
the food they want
Reutlinger 1980 the probabilty of per capita consurtipn faling below threshold
and Knapp a specified level
[110]
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2.7 Millennium Development Goals (MDG)

At the turn of the millennium in 2000, leaders from around the world came to a consensus that fighting
poverty in its many forms is necessft$1]. Amongst the goals erected by the agenda, two align well
with the WEF security nexus interests such as:

1 Goal 1: Eradicate poverty and hunger

1 Goal 7: Ensure environmental sustainability

Goal 1 concerns closelyith the affordability dimension of food suitability where the focus of the goal
was to ensure that hunger was eliminated by means of ensuring population would not live on less than
$1.00 a dayGoal 7 is concerned with climate and resources, such asamateir pollution from human
activities. Resource and environmental indicators such as population access to improved drinking water
and sanitation as well as @@missions are very important factors in achieving go&r@m goals 1

and 7 of Millennium Deglopment Goals, it is seen that WEF security nexus ideals align well with it.

2.8 Sustainable Development Goals (SDG)

Upon expiry of MDG, Sustainable Development Goals (SDG) was setup to follow up with the MDG.
The SDG, which runs from 2018030, improvd from the MDG by having more goals (from 8 to 17)
and is more inclusive and comprehensive. Of significant relevance to WEF security nexus are the

following goals[22]:

1 Goal 1: End poverty in all its form everywhere

1 Goal 2: End hunger, achieve food security, and improved mutr&&hd promote sustainable

agriculture
1 Goal 6: Ensure availability and sustainable management of water and sanitation for all

1 Goal 7: Ensure access to affordable, reliable, sustainable, and modern energy for all

The transition from MDG to SDG shows thhetprinciples and goals as highlighted are in alignment

with those from WEF security nexus.

47



2.9 Developed VS Developing Country

Understanding the meaning and differences between developed and developing countries will help the
understanding of WEF sectyinexus in a few ways. First, criteria that differentiates a developing
country from a developed one would provide a guide to relevant indicetoessary to be addressed

in the WEF security nexus. Second, it provides an understanding to the currdapicheve level of
Malaysia. As such, this section takes a brief look into a few criteria which forms the basis of comparison.

A developing country is a sovereign nation whigséduman Development Index (HDi§ low and its
industrial base is less develapd 12] whilst the opposite is true for a developed country. Although
there are no single set of agragubn criteria which differentiates the two types of countfds3],
economic measures such as grdssiestic product (GDP), gross national product (GNP), per capita
income, standard of living, facilities, and etc. are among the criteria used for evaJuatibTable6

shows a comparison in criteria between developed and developing countries, as compiled according to
[114,115]

Table6: Comparison of Developed and Developing Countries Criteria

Criteria Developed Countries Developing Countries
Human Development Index High Low
(HDI)

Poverty Low High
Birth rate Low High
Death rate Low High
Infant mortality rate Low High
Life expectancy rate High Low
Per capita GDP High Low
Per capita income High Low
Standard of living High Low
Unemployment Low High
Education standards High Low
Healthcare standards High Low
Food security High Low
Water security High Low
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2.10 Tenth and EleventhMalaysia Plan

The Tenth Malaysia Plan has concluded as it ram 2011 to 201$116]. The programs which were
implemented in the tenth Malaysia Plan do have very close relevance to the QVEEy sexus such
as[116]:

1 Focusing on key growth engines, which concerns around national key economic areas (NKEA).
Of particdar interest to the WEF security nexus are oil and gas, palm ail, electrical, and

agriculture.

1 Improving quality of life by providing efficient public utilities and services such as water and

energy facilities.

1 Enhancing environmentditiendly efforts byencouraging reduction of carbon footprint and

promoting renewable energy.

Some major achievements of the Tenth Malaysia Plan of concern for the WEF security nexus are
increases of rural electricity and water supply to 98 % and 94 % respectively, 95ttatmmor clean
and treated water, and agricultural GDP contribution of RM 455 billié@]. Subsequentlythe next
phase of national development plan is the Eleventh Malaysia Plan which runs from 2016 to 2020. In
Eleventh Malaysia Plan, six strategic thrust were laid out, with which thrusts pertaining to WEF security

nexus are:

1 Pursuing green growth for sagtability and resilience
9 Strengthening infrastructure to support economic expansion.

1 Reengineering economic growth for greater prosperity.

2.11 Review on the Status of Water, Energy, and Food in Malaysia

This section is to provide a review and undamnding on the WEF sectors in Malaysia individually,
looking into the general status can current efforts in each sector, as well as to present key attributes on
each sector respectively. This is accomplished by a broad and expansive literature reviaehinto e
respective sectors before examining each of them to necessary depth. The aim of doing so is to establish

knowledge on the current state of affairs, problems, strengths, and weaknesses in each respective sector.
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2.11.1 Water Resources, Supply, and Mangementin Malaysia

The water sector in Malaysia largely consists of two parts, namely water supply as well as water
treatment and distribution. Prior to 2006, governing and managing the water sector were responsibilities
of the federal government. As audt of a restructuring exercise in 2006, these responsibilities fell upon
several bodies, namely the Ministry of Energy, Green Technology and Water (KeTTHA), which is
responsible for setting water sectefated policies; state governments, which managesting water

basins and identifying new ones when required; the National Water Resource Council (NWRC), which
coordinates with the state governments in water management issues; the National Water Services
Commission, which is in charge of all regulatanatters based upon policies set by the federal
government, and finally, the federal government, which is responsible for holistic-pettayg and
direction. The change, alongside partial privatisation of water treatment plants, were positive as
reflectal in the increasing coverage and quality of water services provided in the country. In 2005, 13.2
km? of water was withdrawn in Malaysia, then divided into three simisied constituents i.e. 36%

for industries, 34% for agriculture, and 30% for muradifies [118]. Despite the lower water
withdrawn proportioned for agriculture in Malaysia compared to the global statistics, it remains one of
the major sectors requiring substantial amount of water. Out of the total water withdrawn, 96.94% was

surface water, 3% was groundwater, and 0.06% wasinlzsal water.

In the 11th Malaysia Plan spanning the duration between 2016 to 2020, a framework of six strategic
thrusts and six garmehangers were outlined to propel Malaysia into a developed nation by4&]20

One of the strat egiinf rtahsrtursutcst,u réeSttroe nsgu phpeonritn ge c o n
infrastructure investment in various industries, which includes the water and energy sectors. Under the
section, key issues related to water nationally were highlighted i.e. higlewenue watetariff, which

resulted in unsustainable independent operation of water services, low water coverage in rural areas,
and high operational costs. Consequently, four strategies were laidadsing financial sustainability

of the water industry, expansiahrough technology investments, optimizing water industry and
operation services, as well as strengthening the regulatory framework, aimed to address and eliminate

the issues in the coming five years.

Lee et. al[119] in their investigation of rainwater harvesting (RWH) as an alternative waieunee
in Malaysia identified five challengdse. environment, policy, technolawil, social, and economic
stand in the way of RWH development in Malaysia and came to the conclusion thatimsterial

and multistakeholder cmperations are required order to move forward.
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Kim [120] conducted a study on the water sector reform in Malaysia looking into understanding the
policy process of water sector reform, the extenttdth the reform contributed to its objectives, and

the improvements brought about by the reform in terms of operational efficiency and environmental
effectiveness of water utilities. Some notable findings include the lack of and limited use of performance
indicators in Malaysiabs water industry, mi xed r

the move to centralize water management within public was representative of global trend.

In 2013, Malek et. al[121] looked into issues faced by the water sector alaylsia and found that
among the problems are water tariffs, pricing, sectorial water management and development of Science,
Technology and Innovation (STI). It was also put forward that Malaysia is still in Water Supply
Management (WSM) mode, a characttci of a developing country, as opposed to Water Demand
Management (WDM) mode, a characteristic of a developed country.

Apart from that, recent news proved that water security confidence in Malaysia has indeed been shaken.
Malaysian industries were putt alarm for water crisis as El Nino hits the nation in the first half of 2016
[122,123] J o h n s o[h28]shovweed that Malagsians may not be on the same page as to what
causes the water crisis and what is the most effective response for it. On top of that, the drought has
also demonstrated the importance of wdted links in Malaysia as paddyrfaers in Perlis did not
manage to complete their first planting seafl®#b]. More recently, the contamination of Semenyih
water treatment plant on 22nd $&mber 2016126], which left large parts of Selangor without clean
water for days, enhances the fact that water security is indeed onaradgtéf not the most, pressing

concerns for Malaysia.

2.11.2 EnergyResources, Supply, and Demanth Malaysia

Mal aysia is one of the worl dd{l27] e pbae lvased alargepartl i qu e
of its revenues (40%@n oil exports. As of 2013, Malaysia has 98,315 trillion cubic feet (tcf) of proven

natural gas reserves and 5.85 billion barrels of proven crude oil and condensate [@geNaturally,

the countrybds electricity generation capacity is
by coal (8,066 MW), and hydro (2,149.1 MW) as of December 2028]. The electricity sector is

highly regulated and the national grid is operated by Tenaga Nasional Berhad (TNB) in Peninsular
Malaysia, whilst two other grids are operated by Sabah Electricity Sdn Bhd (SESB) and Sarawak
Energy Berhad (SB) in Sabah and Sarawak respectividl®9]. The Energy, Green Technology, and

Water Ministry established tbe principal energy objectives in the National Energy Policy to guide the
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nationés devel opment in the sector; the supply
high-quality and coseffective supply of energy, the utilization objective, ghhiaims to promote
efficient utilization of energy, and the environmental objective, which aims to ensure that environmental

sustainability is considered when producing and utilising ernf@2$j.

In the 11th Malaysia Plaf48], the focus strategies related to the energy sector comprises of
strengthening stakehol dersé6 col lraving relatbilityeamd and ¢
security of oil and gas supply sskctor, managing supply diversity for electricity sdztor, as well

as improving its sustainability, efficiency and reliability. This came as no surprise as the issues
highlighted in the energy s®r were fragmented governance, security and reliability of supply, market

distortion, lack of regulatory framework, and overdependence on fossi[4&ls

Sharifuddin [130] presented a quantitative assessment on the energy security in Malaysia which
conceptualizes energy security as having core elements hamely availability, stability, affordability,
efficiency as well as enrdnmental impact. The methodology utilises 35 indicators which were
condensed from 400 indicators published by international institution. From his results it was found that
Malaysia is performing well in terms of energy availability and affordability, sttolverall quite

comparable to its Southeast Asian neighbours such as Indonesia, Thailand, Vietham, and Philippines.

In 2011, Sovacool and Bulgi31] investigated on the drivers and challenges facing the Sarawak
Corridor of Renewable Energy (SCORE) byfpaming interview and survey on selected representative
sample of stakeholders six categories namely technologi, economic, political, legal, social, and
environmental. A notable finding is that a holistic understanding of these dimensions isiramtrinky

understand implementing projects like SCORE.

2.11.3 FoodSupply, Security, and Agricultural Dynamicsin Malaysia

One of the problem of the Malaysian agriculture
agriculture largely prduces cash crops as opposed to food dit3]. The food security in Malaysia

is mostly fulfilled by import, and that results in low ssiffficiency ratio for Malaysian food security.

The major food imports are its staple food namely rice, wheat flour, cooking oil, andS0ijg&0%

of Mal aysiabs rice requirement is [A3Boduced | ocal
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Table8: Comparative Analysis of Unitary Congx Solutions

Methodologies Requirement
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System Dynamics vV V V V V V V V V V
Organizational Cybernetics v V V V V V vV Vv
Complexity Theory vV V V V V V vV Vv

From the methodology requirement description, it can be seen that the WEF nexus is in fact a large
complicated system in itself composing of subsystaramely the water, energy, and food sectors, as
well as technology, social, economics, and environment. As suctDhmethodology has been

selected due to the following reasons:

1 SD stems from the systems thinking philosophy which approaches problarahstic and

systemic worldview.
1 SDmakes use of causal loop and stock flow diagram to exhibit the feedback nature of systems.

1 SD take into account the time delays and Hliaear relationships between variables which

allows for analysing behaviours of\kandicators in the WEF nexus over time.

I The causal loop diagrams are able to represent the relationships between the important key
indicators of WEF nexus and thus able to provide a qualitative analysis platform.

1 The stock and flow diagrams constructeghirthe understanding of causal loop diagrams are
able to be simulated to give results in the form of values, tables, and graphs allow for

guantitative analysis.

1 SDhave been used many times in the past in various multidisciplinary studies as well as in the

resources and sustainability studies. Refératle9.
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2.13 System DynamicgSD)

2.13.1 SD Background and Uses in WEF Relevant Areas

Prior to SD, the origins ofSD can be traced back to the field of control thef$8]. SD was first
introduced in miell950s by Forrester where he performed pencil and paper simulation on the dynamics
between hiring and inventory decisions for GenEtattric[139]. In 1971, he demonstrated that within

the context of a larger social system, efforts stemmio fgood intentions to improve the conditions

of society and nation for a certain period of time could actually do more harm in the long term if the
underlying principles for the webeing of society were not well understdddO0]. Later on, Forrester,

in an attempt to address the predicament of mankind, created WORLD1 and WQRILD®&hich
addresses the interrelationships between global population, industrial production, pollution, resource,
and food. A famous model, based upon the previous WORLD2 model, wasldred972 by Meadows

et. al.[142] usingSD method. Through the model, the authors attempted to explore and understand the
behaviour of what contributes to sustainable feedback patterns. SinceSthenethod has been
employed in many studies and has also been ackdget as a suitable and effective tool to understand
complex problem§134,143,144]SD method has also been used extensively in the field of resources,

as illustrated imable9.

Table9: System Dynamics Method adopted/ifEFrelatedareas

Authors Year Study Title Field of Study
Bala et. al. 2014 Modelling of food security in Malaysia Food security
[134]
Bala and 2012 Modeling of Ecological Footprint andr@dite Food security
Hossair{145] Change Impacts on Food Security of the H
Tracts of Chittagong in Bangladesh
Bala and 2009 Modeling of food secuty and ecological Food security
Hossair{146] footprint of coastal zone of Bangladesh
Chung et. al. 2008 System Dynamics Modeling Approach to Water supply
[147] Water Supply System
Feng et. al. 2012 System dynamics modeling for urban ener¢  Energy consumption
[148] consumption and C{emissions: A case
study of Beijing, China
Ford[149] 1997 System Dgamics and the Electric Power Electric power
Industry
Holmes et. al. 2014 Using System Dynamics to Explore the Wa  Water supply and
[150] Supply and Demand Dilemmas of a Small demand
South African Municipality
Hsu[151] 2012 Using a system dynamiosodel to assess Electric power
the effects of capital subsidies and feed
tariffs on solar PV installations
Jiao et. al. 2014 The effect of an SPR on the oil price in Chi Qil price
[152] A system dynamics approach
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Naill[153] 1992 A system dynamics model for national Energy policy
energy policy planning
Ahmad[154] 2014 Using system dynamics to evaluate Renewable electricity
renewable electricity development in
Malaysia
Samii and 2009 EnergyPolicy and Oil Prices: System Energy policy and oil
Teekasap155] Dynamics Approach to Modeling Oil Marke price
Akhtar et. al. 2011 An Integrated System Dynamics Model for Social, energy,
[156] Analyzing Behaviour of the Soetalergy economic and climatic
EconomieClimatic System: Model interactions
Descrigion
Davies and 2009 Energy Sector for the Integrated System Social, energy,
Simonovic Dynamics Model for Analyzing Behaviour ¢ economic and climatic
[157] the interactions
SocialEconomieClimatic Model
Sun et. al. 2016 Sustainable utilization of water resources ir Water utilization
[158] China: A system dynamics model
Vamvakeridou 2008 System Dynamics Modelling: The Water system
Lyroudia and Kremikovtzi System
Saviq159]
Xiao et. al. 2016 Can China achieve its 2020 carbon intensit Energy and emissions
[160] target? A scenario analigsbased on system
dynamics approach
Xi and Poh 2013 Using system dynamics for sustainable war Water Resource
[161] resources management in Singapore
Kotir et. al. 2016 A system dynamics simulation model for Water management
[162] sustainable water resources and agricultural
management and agricultural development development
in the Volta River
Basin, Ghana

From the studies above, it can lees thaSD method has been widely used in a range of resource and
sustainability studies. Most notably similar in terms of relation to the WEF nexus are fl&@pand

D a v i[¥58] @vorks as they investigated on the soenaérgyeconomieclimatic biosphere system

which includes the water, energy, and food systems. Inst@awliysing a particular system in isolation,

SD emphasizes on the interfaces of sectors and focuses on the interdisciplinary relationships. As such,
it is natural thatSD deal with the broad behavipof the system, as stated by Cojl€3]. Sterman
described the link from natural to social science by statingSihalraws on soci@conomics sciences
because tools such as nonlinear dynamics and feedlmtdrol, which are derivatives from the
development of mathematics, physics, and engineering, are applied to the behaviour dilBdinkn

is a method to simulate dynamics of complex problems where insights can be generated to aid

improving the overall system behauidoy formation of appropriate policig$65,166]

Apart from the listed studies abov& method has also been used in various different type of studies
such as electronic and electi waste managemefit67], technological innovation systenis68],
biodiesel policy analysi$169], drainage enterprise stud$70], industryacademia and education
quality relationg171], sustainability of lowincome housingll 72], and many others. This goes to show

thatSD method is indeed a versatile tool in terms of discipding type of study.
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2.13.2 Review of SDModelling Procesgs

As SD methodology began, grew, and was adopted in many researches over the years, its modelling
process, or sometimes knownSi3 process, has also been developed and evolved accordingly. From
the SDresearches, varying degrees of attention given to the modelling process can be se&hDNhile
researches adopted a familiar framework as given by Stefh@d} a few did in fact presented
alternative modelling process. Considering the various different scopes, boundadiedepsh of
differentSD research, it is natural that the modelling process is modified or innovated according to the
research needs. An obvious similarity between all the modelling processes used is that they are all

iterative in nature.

Forrester[173] provided a six step iterative modelling process from describing the system to
implementing changes in policies and structures. C[yd8] described thesD process (1. Problem
definition 2. System description 3. Simulation model 4. Policy design) with relation to the results at
each stage, with which they form an iteration opportunity to the presteps. Lee et. dl174] used a

slight variation to the processher e he combined o6triple bottom
conceptual framework part wiBD modelling process as the measurement tool. Esp[é68adivided

the methodology into three main categories of: (1) detmn of problem and conceptualization, (2)
dynamic hypothesis formulation and (3) testing and analysis, with which it can be elaborated in 8
specific steps. Ha et. L 75] provided a sevestep iterative systemic framework, which starts from
developiy understanding and ends with reflecting,
models, systems structure as well as patterns and relationships. Jiao[Ei2Jatonstructed the
modelling process in four general steps namely: (1) boundary setting, (2) GLSF&Nconstructing

as well as qualitative analysis, (3) equations constructing, and (4) theory and history simulation testing.
Similarly, Lu et. al[176] characterized the modelling process, as given by Jiao 53], into three
categories instead of four: (1) model conceptualization, (2) modéfsas and (3) model evaluation.
VamvakeridodLyroudia and Savic[159] used an &tep iterative cycle starting from defining
boundaries to testing alternative policiegsseini[177] developed a seven step modelling process
sequeacing from literature review, problem definition, conceptual modelling, mathematical modelling,
model validation, model simulation, to scenario analysis. It can be seen that the modelling process

generally consists of:

1 Boundary selection / problem defiioih / model conceptualization

1 Hypothesis formulation

59



Equation settings
Theory and history simulation

Testing of model

=A =/ =2 =4

Policy and scenario evaluation

St e r nik64] thadelling process which consist of iterative steps of: (1) Problem articulation (2)
dynamic hypothesis (3) formulah (4) testing and (5) policy formulation and evaluation; does largely
include all of the elements mentioned above (other researches) and is conceptually concise. This
modelling process has also been adopted readily in other researches[$68n1&2,172,178]
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2.14 Chapter Summary

Fromthe analysis, it is evident that the knowledge base and understanding about and around the WEF
security nexus is still at its infancy. With gaps in terms of measuring and comparing the performance
of inter-resource efficiency, management, and synergies, the need to establish a measurement system

from a new perspective is elaborated.

FromTablel, it can be concluded that previous WEF security nexus works werequalitative in

nature, have fair share of global and regional stadgl,range from themes of technolajj economic,

social, environment, to policy. From the qualitative frameworks that have been proposed for the
different WEF security nexus context study, they follow a similar pattern with which the three
resources sectors surrounds a central focus, and has inputs in the forms of actors which results in outputs
such as impacts, as illustratedrigure 1. However, little hadeenachievedon the quantitative side
especially when dynamics between the WEF security sectors are concerned, which shows that the state
of WEF security nexus knowledgebase, at least in terms of geatitfi, is at its infancy. Whilst
gualitative WEFexus framework could demonstrate contextual iséetorial relationships on a high

level and encompass necessary important elements, a lack of qualitative analysis onle\ettsled

well as quantitative follow up in most cases do not do justiceetditiirlevel qualitative frameworks
proposed. Besides that, there is also no established measurement for the wellbeing of WEF security

nexus as a whole.

Malaysia on the other hand, has unique and different issues to deal with in each resource sector of th
WEF, on top of being an emerging economy. No work has alsoameemplishedolistically on the

WEF security nexus of Malaysia. Therefore, little empirical understanding exists regarding the
relationships between water, energy, and food security inygialaAs such, it is highlighted here that
there exists a glaring knowledge gap in the detailealitative and quantitative analysis of WEF

security nexus in Malaysia.
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Chapter 3 Methodology

3.1 Introduction

Upon understandi ng tomgexity,ahe knowdedge ap, WMEsEarcmbgertives 6

of this research as well as the crug@picss ur r oundi ng the securitieso i
develop a methodology to establish a measurement system for thbeingll of WEF nexus in

Malaysia. This chapter first provides the research process flow, which would Highlevel
representationf all worksand stepgperformedfor this researchSubsequently, this chapter provide

detailed explanation on the two main methodologies involvedelya®D and stakeholder interview.

Then, this chapter will discuss on the process of selecting indicators to be used in the construction of
CLD and SFDFinally, this chapter will also explain the verification and validation steps adopted in

this research.

3.2 Research Process Flow

A research process flow provides a sgpstep illustration on all works performed in the research.
Figure4 shows the research process flolaracterised by four distinct categories, namely literature

and knowledge, modelling and simulation, verification and validation, and interview and stakeholder
engagement. Additional details at every process step can be found at their respective subsection, as

stated in each of their box.
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3.3 Components ofSystem Dynamics

Before delving into the intricacies of the WEF neX&[3 model, it is necessary for the basics and
principles ofSD to be established and weihderstood. This sufection elaboratete basic building
blocks ofSD model which would be inherent in the WEF nexus model.

3.3.1 Causal Loop Diagram(CLD)

A causal loop diagram (CLD) is a hypothetical representation of the dynamics of the system in study.

It consists of the most importananables linked by arrows, which represents causal influences from

cause to effect, with polarities attached at the head (¥ ort o denote the nature o
sign means an increase in the cause will result in an increase in the effeetwdhleme ans an i ncr
in the cause will result in a decrease in the effect. When the variables form a loop i.e. a variable causes

a series of influence which eventually returns back on itself, an identifier can be labelled to denote if

the loop is eithepositive feedback or negative feedback, and is usually positioned in the middle of the

loop. Albeit many ways to represent the nature of these loops exist, a conventional way to identify them

is a clockwise or anticlockwise (depending on the directietidbp is constructed) arrow circling either

0RO, which represents reinforcing (positive) f e

feedback. As an example, consider the illustration of population CIHyime5 below:

/\/\

Figure5: CLD of Population Model

Three variables were used to construct the CLD, namely birth, population, and death. Arrows (or causal
links) exist from birth to population and vice versa, as well as from populatiomtio ded vice versa.
On the left side of the CLD, a positive link exists from birth to population and from population to birth.

This means that increasing birth will increase population, increasing population will in turn increase

64






mathenatical formulation required for calculating must be included. The mathematical equations for

the population SFD can be given as:

01 DO1I ADOET AEODEAAAGED o1 DOI AOEIT T

where 01 B O1 AG&thelinitial population

birth(t) = population(t) x birth percentage

death(t) = population(t) x death percentage

In general, the mathematical equation for all stock variables can be generalised as:

3.3.3 Delays Representations

Del ay

example, time variable and intermediate stocks are forms of delay. As aratilus consider the

following:

i s ma&kfei fsd maod ne

or

)

)

s[b76].dnSb, idelags)play irdrinsé roke r

in determining the behaviour and dynamics of the system and can be represented in several forms. For

(unit)

New House Projects

new house initiation
rate (unit/vear)

initiation time
(year)

House Under

Construction (umit)

construction rate
{(unit'year)

construction time
(vear)

Completed Houses
(unit)

Figure7: House Construction SFD
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Figure7 shows an SFD for new house construction. Before new house projects can become completed
houses, they have to be constructedeOnd el ay i s the intermediate stoc
Under Construction (unit)é, to capture the amoul
are the two time variables namely initiation time and construction time. These two vailietielesine

the speed at which O0New House Projectsd becomes

6Compl eted Houseb.

3.3.4 Minimum Values

In some cases, it is necessary to set a minimum value to variables to ensure that they stay within
meaningful ange. This is especially important in stock variables where it is highly likely that their level
can be zero, or near zero. As an example, it would be impossible to continue to have a net positive

drainage of water from an empty beaker, as illustrateldeiRigure8 below:

Water in Beaker = -0
(L) Water Outflow
(L/day)

Fractional Outflow
Rate (1/day)

Figure8: Minimum Values

Consider the SFD ifrigure8wh er e t he stock fdAwater in beaker o i
fl ow fAwadvwa. owhdn the [ evel of water i n Awater i
variable should theoretically be zero. As such, an illustration of equation to set the minimum value of

fiwater outfl owd to zero is:
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3.3.5Comparative Analysis of Software for System Dynamics

Although it is possible to model the entire CLD with pen and paper, it would be nearly impossible to
calculde all the dynamics in the SFD using this method. Computer aided simulation is hence necessary
as a moderate to large sized model, as expected of a WEF security hexus model, would incorporate
plentiful of equations and data to be dealt with. A humber @fvaoe that could perfornsD are

available. The aspects that have been taken into account when selecting software are:

1 Computing power requirement

9 Licensing fee of software

9 Ability to perform Monte Carlo analysis
1 Availability of software training

i Ease oluse

Two notable software stands out, Vensim and Stella, in terms of computing power requirement,
licensing fee, and ease of use. Both software are fairly similar in a sense that they require minimal
computing power, reasonably low educational licensieg, fand are fairly usdriendly in their

graphical user interface. Vensim has been picked over Stella because of the availability of software

training in Vensim, which are in abundance throughout the internet.

3.3.6 The Modelling Process

St er ma nlling prosessdweuld be adopted and slightly revised for specifications for the purpose

of this research (WEF Security Nexus), as illustrateéigure9:
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becomes the first step. In the case of this research, a more specifinastegly resource security

definition, has been initiated in secti@ré where the problem of the study is addressed by setting the

boundary of WEF nexus, by means of defining water, energy, and food security. This replacement of

term from the original Steraan 6 s

one i s |

ustii

fi

ed

the fact t h

by

selection criterion for the indices or indicators which are required by a WEF security nexus model which

acts as a purpose of the model.

The second step is construction of calmap diagram (CLD) and stock and flow diagram (SFD). The

relationships formed in CLD and the structure of SFD are constructed frovariélesidentified.

However, the CLD and SFD constructed remains a hypothesis until further tested, verified, and

validated in step 3.

Steps 3 and 4 are

slightly

revi

sed

from Ster manb

recognizes the need to test, verify, and validate the constructed CLD and SFD before running

simulations of real cases in stepThis is because the relationships formed between the identified

indices or indicators of WEF security sectors, as exhibited in CLD and SFD, should mimic as real as

possible to the reality before it is being simulated for real results in step 4.
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Step 5 ighe final step of the modelling process for which scenarios, policy testing and analysis provides
suggestion of improvement for the WEF security nexus case for the system and in Malthysiggh

the modelling process has been sequenced from 1 t@ &eitdative in nature meaning: at any one point
where it is necessary to move back at or to any one step, thexécsted This is because new data

and understanding can be obtained from subsequent steps, which could inform on a better previous step.

As an example:

1. The CLD is constructed (step 2) consisting of variables ¢f B-> C->D -> A.

2. Validation steps in the form of interviews with professional in step 3 shows that variable C is
not important and can be excluded.

3. The CLD is reconstructedtep 2) to be A>B->D-> A.

3.4 The Interview Process

A series of interviews were conducted with key stakeholders in Malaysia for the purpose of: (1)
understanding the current status and problems of WEF sectors in Malaysia; (2) identifying key
indicaors for the WEF security nexus of Malaysia, and (3) as inputs to the construction of CLD and
SFD. Information from the interviews will be used in several parts of the thesis nardelyning and
understanding the resource security for Malaysia, identjfigey indicators to model the WEF security

nexus of Malaysia, scenario making and analysis, and discussion of results.

While sectiorn3.3.6details the entire system dynamic modelling process, specific methods, such as the
carrying out interviews in step, within the process exists. This section provides more details on the

specific steps to be taken during the interview processes.
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1. Construction of CLD 2. Ethics form 3. Interviewees

based on Lit. Review application and selection and screening
. approval process
ueﬁsirg:ﬁéifelzsfvith 5. Interview with 4. Preparation of
s?a keholders of WEF relevant stakeholders interview questions and
from WEF sectors true/false questionnaire

sectors (CLD validation)

8. Modification of CLD
based on new
knowledge /
understanding

7. Transcribe interviews

Figure10: Interview Process

Figure 10 shows the interview process @onstructing the CLD, SFD, and validating data. The entire
process begins in stepriamely constructing of the CLD based on Literature Review. This is necessary

because:

9 It provides a starting point for discussion during the interview

9 It provides a badaground understanding to the interviewee, which could accelerate the learning

curve of the interviewee which would

1 Improve the quality of response from the interviewees

Upon completion of initial CLD construction, the ethics form is submitted to the gitivéar approval.
This is necessary because the research now involves interaction betpresentative of the university
and external participants. This is a screening procedure as required by the university to assess the risks

involved, to all the pai¢s involved, namely the researcher, the external participant, and the university.
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Interviewees selection process (step 3), preparations of interview questions (step 4), and true/false
guestionnaire procedure (step 6) are explained in the following didrseof 3.4.1, 3.4.2, and 3.4.3

respectively.

Step 7 is a transcription process where the atatiorded interview sessions are being documented into
text files. This is a manual process, where it allows for furthexaenination of the interview sessmo

and for extraction of any information.

Step 8 is the modification of the CLD based upon new knowledge and understanding which were
obtained in stefp and stepb. As such, once the CLD has been modified, improved, and finalised,
construction of SFD cabegin.

3.4.1Interviewees and Screening Process

Selecting correct intervieweesimportant,as they possess information relevant to the understanding
of WEF security nexus and construction of the model. Therefore, this subsection explains the

interviewee s 6 sel ection and screening process.

1. Identifying 2. Identifying 3. Identifying
the needs of the relevant the key
research institutions stakeholder

Figurell Interviewee Selection Process

Figurells hows the intervieweesd selection process wh
the needs of research, (2) identifying the relevant institutions, and (3) identifying the key stakeholder.
Firstly, understanding the needs of the research, from the understanding acquired in literature review,
would narrow down the search area of relevasititurtion. For this case, the research needs are framed

as the WEF security nexus. As such, the second step allows for the identification of institution based

upon the water, energy, and food sectors. Search of relevant institutes are done by seaicténgethe
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using the resource name followed by 6kegtvbt ds
6depart ment 6, et c. Upon finding suitable websi
conducted by visiting their respective pagep@fsonnel and peoples. Consequelhthy, stakeholders
are selected based on their profile and positions as listed in the webaltied. 0 shows the list of key

stakeholder interviews conducted, alongside their institutionseatdrs involved.

Tablel0: List of Interviews Conducted

Institution/Organisation Key Stakeholders Interviewed Sector
The Ministry of Energy, Green (W1) DirectorGeneral Water
Technology and Water (KeTTHA)

The Ministry of EnergyGreen (W2) Director Water
Technology and Water (KeTTHA)

National Hydraulic Research Institute o (W3) Senior Researcher Water
Malaysia (NAHRIM)

Economic Planning Unit (EPU) (E1) Principal Assistant Director Energy
Economic Planning Unit (EPU) (E2) Speal Officer from TNB Energy
Crops for the Future (CFF) (F1) Business Development Advisor Food
Crops for the Future (CFF) (F2) Chief Executive Officer Food

3.4.2 Interview QuestiondDesign

As the purpose of the interview is to obtain information thattile be useful to the understanding of
the research problem as well as to the construction of the model, the interview questions are designed

with a few purposes in mind:
1 to understanthe statugproblems, strengths, weaknesses) and definition of eaohnee
9 to understanthow each resource are related to each other
T to understand the i mportance and relevance

As such, the interview guestions, taking an example from energy sector, were designed adddailore

fulfil the following purposes

To understand the status (problems, strengths, weaknesses) and definition of each resource

1. How would you define energy security?
2. How can we measure energy security?
3. What do you think of the energy security in lslgsia?
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4, What are the strengths and weaknesses of energy security in Malaysia?

To understand how each resource are related to each other

5. What are the energwater relationships that you know of?
6. What are the important elements in the enevgyer rexus?
7. Do the Causal Loop Diagrams constructed represent the relationships between energy and water

security in Malaysia accurately?

8. Are there additional elements which you think should be added to the CLD to show the
relationships between energy amdter security in Malaysia?

9. What are the energipod relationships that you know of?
10. What are the important elements in the endopd nexus?

11. Do the Causal Loop Diagrams constructed represent the relationships between energy and food
security n Malaysia accurately?

12. Are there additional elements which you think should be added to the CLD to show the

relationships between energy and food security in Malaysia?

To understand the importance and rel pdusince of

13. Have you heard of or have any understanding of the ViEatergyFood Security Nexus before

this interview?

14, Do you think that having a holistic understanding on the performance of the WEF Security

Nexus in Malaysia is important? Why and Winyt?

15. If yes, what do you think are important areas to look at when looking into the performance of

WEF Security Nexus in Malaysia?

Consequently, depending on the responses received, individually tailored-flquestions are then
put forward to extact as much information as possibiée full list of questions, including water and

food sector, are attachedAppendixIV.

3.4.3 True/False Questionnaire

There are two purposes of true/false questionnaire, i.e. to valfdat®nstructed initial CLD and to
identify errors in the CLD, such as additional/missing important variables and wrong conné&ations.

top of that, interviewees are given the option to include their comments, which in hopes would lead to
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additional infornation on any particular causal linkhis activity is performed on every link constructed
in the CLD. A templateof the questionnairecan be found iMAppendix IV. An illustration on the

construction of the true/false questionnasrgiven below:

/\/\

Figure12 Population CLD

Figure 12 shows the population CLD from the model, which consist of four links, namely birth to
population, population to birth, population to death, andhdeapopulation. As such, there will be four
true/false validation required by the interviewee, as provided to them in a table form as illustrated in
Tablell AppendixIV contains the entire true/falsaagtionnaire used in the reseandhile Appendix

V contains the completed questionnaire by the interviewees

Tablel1l: Population True/False Validation

Cause Effect True False Don't Extra Comment / Bmark
Know
increase in Population increase in Birth
increase in Population increase in Death
increase in Birth increase in Population
increase in Death decrease in Population

3.5 0n Identifying, Selecting and Linking Variables and Key Indicators

WEF security nexus is a broad topic and is expected to have many variables. Howevegriafdes
(CLD) andkey indicators(SFD) should be used to represent the wellbeing, sectoral balance, and
sustainability of the systenthis subsection outies the process in identifying, selecting, and linking

variables in both the CLD and SFD.
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3.5.1 Variablesldentification for CLD

Literature Review

Key Stakeholders’ Interviews

True/False Questionnaire

Selected variables in CLD

Figure13: Variables for CLD

Figure 13 shows the variables selectioropess, where the variables are eventually constructed into
CLD. The process begins with literature review and background reading into the area of interest, namely
WEF security nexuswhich would result in a large vocabulary of indicatoks the reading ad
understanding becomes more focused, such as into Malaysian WEF problems, the number of indicators
that remain would be reduced. Interview with key stakeholders would cut down even more indicators,
as the experts are able to provide a much clearer aataginformation on the current status of
Malaysian WEF. Subsequently, the key stakeholders helped by answering the true/false questionnaire
provided clarity and improvement onto the initial CLD. Finally, the CLD is finalised with the selected
variablesm it. As an illustration of the process, consider the water supply, treatment, demand, and tariff
loop. Initial reading into water sector showed that important factors of water security are such as
adequacy, livelihood, water pollution, waretated disagr, socieeconomic development,
groundwater hydrology, surface watand many others. A more targeted reading into Malaysia water
issues revealed the problems of disconnect in governance and financial issues. An initial CLD on the
sector was formed iRigure126in Appendix I, which improved into a more accurate and complete
CLD in Figure18because of key stakeholder interviews and true/false questionnaire.
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3.5.2 Key Indicabrs for SFD

Understanding of CLD

Knowledge and Understanding \
From Literature Review

y

Knowledge and Understanding
from Interviews

-
Suitability of Constructed SFD

Structure
- A

-

Key Indicators

- A

Figure14: Key Indicators for SFD

Figure 14 shows the process for which the key indicators widentified. As opposed to the
identification process of variables in CLD, identification efykndicators that can be simulated in the

SFD begins with first understanding the constructed CLD. This is important because CLD, which maps

the mental models onto a graphical representation, demonstrates and describe the research problem
currently at had while keepingthe modeller within acceptable guidelines that have already been
decidedFor example, waterelated disaster key indicators are left out regardless of how important they

are elsewhere in the world because the CLD does not capture variddled to waterelated disaster.
Subsequently, similar to the identification of variables in CLD, the narrowing down of variables
knowledge and understandirigllow the order from literature review to interviemputs. Finally,

recognising and adaptj to the suitability of constructed SFD structure while selecting key indicators

is important. This means that the key indicator selected or created should fit in with the SFD variables,
especially in terms of dimensional consistency. For example, dahstructed SFD contains variable

of Aelectricity used per year (kWh/year)o and
indicator to be added could be fAelectricity used

buntperLwatet r eat ed (kg/ L) 0.
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3.6 Verification and Validation

Whilst verification is concerned with building the model right, validation is about building the right
model [180]. For the case 0§D, verification would mean the model constructed correctly from a
techni@al viewpoint such as obeying physical laws, dimensionally consistent, having correct equations,
and etc. On the other hand, validation would mean the model constructed represents reality as much as
possible. Albeit the differences, the purpose of verificaind validation is to provide confidence to

the user, audience, and modeller.

(3) Validation of SFD
* Historical data

(1) Validation of CLD
*+  Interview
*  True / False questionnaire

,
Q
o .,f
S
s
R
‘b i
"'.'f,’
,

o
Data Validity RA

Construction of SFD

SFD CLD

\_/

(2) Verification of SFD
* Model Testing Tools

Figurel5: V&V Model

Despite many modellers claiming to have fully verified and validated their model, it has been noted
multiple times, by expés in SD and simulation, that fully verifying and validating a model may not be

feasible. Stermafl64] deems verification and validation 8D model, or modelling in general, to be

i mpossible. I nstead he descr i b[¥ed] Coyleda3]siailaryo d e | st
noted that it is inappropriate to use the term o
true, and preferred to regaumnmddliy acn JMHarguedsd ® t e B«
that it is impossible to provide validation of a model without discussingtatsopurpose. Similarly,

Sargen{182] proclaims that model validation should be determined with respect to its purpose. Also

as Forrester and Senff@3]putit-6 Val i dity is also relative in the

78






their results observed. For example, a conceptual framewor&n byFigure 16, is established to
capture all factors and issues relevant to the WEF security nexus of Malaysia, where definitions of

resource security were used in its construction.

Dimensional Consistency

Dimensional consitency test ensures that the units of every variable are consistent, especially when
their relationships are described and preoancessed
function of oO6Units checkd psesrftohrm&kdt iuscyvenoinf i cec
that investigates the entire model and provides a list of errors in the form of missing units and units
mismatch. This ensures that all variables have been inputted with units and they are consistent with
each other basl on the equations constructed. On top of that, a list of variables, units and equations are
provided during the construction of SFD in chapter 6. This allows an additional step of validation,

through manual inspection.

Parameter Assessment

Parameter Asssment deals with the estimation of numerical values of variables and ensure that they
are consistent with reality. Four techniques have been employed for this research namely extensive
literature review, partial model tests, disaggregate model tegudgemental estimation. Partial model

tests are used to calibrate the subsystems before the final model is complete while disaggregate model
tests are used exclusively to validate a single subsystem or stock and flow structure, as discussed in
section 3.113. Judgemental estimation, on top of being a result of extensive literature review, is based

upon the interviews conducted as well as the aut

Extreme Conditiors

Extreme conditions is when the model is subjected to extratnes entered into the variables. The
model should perform realistically even under extreme conditions. However, only values to the extent
of minimum and maximum within the theoretical and physical possibility is tested, as testing values
outside this boutlary is meaningless. For example, under normal values of per capita electricity
requirement, it can be seen that initiation rates of electricity generation capacity would not be too high.
However, subjecting per capita electricity requirement to have aorml increase results in a
noticeable increase in initiation of generation capacities. As such, extreme conditions test for this part

of the model would have been verified.
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Firstly, MAPE has been selected as one of the fit to data assessments because it is straightforward
numerical way of determining differences between patterns, which is not subjected to the weakness of
R? method that measures correlation where information on error could be lost, especially in exponential
functions[164]. Secondly, MAE/Mean is included because this research simulation has data which
passes through 0, and MAPE cannot be used in such cases. Thirdly, percentage ddfarelckzd

for data which are too limited, where only one data point can be found. As have pointed out before by
Forrester and Send#83], part of behaviour reproduction test is to reproduce the pattern or values that
have been seen before in the past (history). Example of other SD research, which utilises historical fit
for wvalidation, d148 stuslyuon brbaa enerdy end g@massians, ldolmedes.

al [1%0pwor k on water supply [d5i]desedrehnoa capital dubdidesant |, Hs
feedint ari ff for sol ar [Ehspinvestgationtomdordasner teammals. Cheng 6 s

These are tests which assess the ability of the model to reproduce the historical results. MAPE is used
for variables where none of their points are zero or close to zero, othd#igé#Mean is used. For
variables that only has a single point, the percentage error is \Weldt these test may produce
numerical values of error percentage of simulated from real values, there exist no formal definition to
the threshold between accdpta and unacceptable percentage errors. As such, these tests merely

provide a guideline tthe level of confidence for the particular part of model under test.

3.7 Chapter Summary

This chapter explained the methodologies used in this research, namahd$fderview Selecting a
suitable methodologsindestablishing a modelling process are necessary and important, especially for
a complicated context such as the WEF security nexus, betteysprovide clarity on thaature of

how the research would ber@ucted. UnderstandingD is alsovital as it serves as an important
philosophy for the model construction: positive and negative feedback loops in CLD as well as
identifying and constructing stock and flows in the SFD. WKBthelp in developing the nael, it is

used with accompanying methods of interview to further strengthen the usefulness of theKpdel.
stakeholder engagements are also necessary as they provide valuable insights into the status of reality.
Translating knowledge, through the idéicaition of variables and indicators, into model values forms
an important bridge from reality into simulation world, which was also explained in this chapter.
Verification and validation steps are also important as it provides confidence to the builtamdde

simulated results and thus a thorough series of stepsaieg in section 3.6
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Chapter 4 Interview Inputs, Conceptual Framework, andWEF CLD Model

Construction

4.1 Introduction

This chaptepresents the interview inputs and information oied from the interview sessions. From

there, bisectoral links are also discussed. As a result, this chapter subsequently discusses the sectoral
key indicators used to guide the construction of CLU®on establishing the modelling process in the
previouschapter, this chapter presents the construcjimstification and rationale for the WEF causal

loop diagram (CLD) models.

4.2 Interview Inputs

This subsection provides the interview inputs from expert8V&F sectors. There werseven
interviewees threefrom water,two from energy, andwo from food. The list of interviewees can be
found inTable10in section 3.4.1. The interviewees were from a range of important organisations and
they have relevant information of their pestive industrial sectors. The purpose of the interview is to
provide understanding into each of the respective WEF sectors, while attempting to narrow down on

key indicators to be used in the construction of CLD and SFD.

4.2.1 Water Security and Its Meaning for Malaysia

According to W1 and W2, water security in Malaysia means being able to supply water of sufficient
quality and guantity to consumers from categories of domestic, industry, and commercial. Some
vulnerabilities c aterdearitynanmely exireme fidadlinaegss doastdirs 201 a

( W3) , i n al i gnment [89af haliing ®o muctdiesvated may prove gestructive.

Apart from that, safety of supply sources are also important (W1).

Quantitative indicators to measure the water security for Malaysia are such as reserve margin, non

revenue water (W1, W2). Reserve margin essentially nmteamsmuch (in %) do we have in capacity
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for a said period after deducting the demand. Addressing water security is not solely from the supply
side point of view, but water demand management is equally important (W2). This is because there are
limited amountof space for us to build dams and water facilities and as such, building based upon
demand without demand management is unrealistic due to their exponential growth. A few ways to
manage water demand are such as policy implementation, technology comtrial;ifi setting (W2).

For the longer period, education of public is necessary. Besides that, water stress index, a configuration
from water resources and water demand, is also being worked on by National Hydraulic Research
Institute of Malaysia (NAHRIM)YW3).

Malaysia strengths in water sector lies in having a large quantity of water, despite most of which goes

to sea (W2). Improved water sector efforts in the past 5 years (W3) and regulation in terms of regulatory
acts such as the Water Supply Indadtéict 2006 (WSIA) and existence of regulatory bodies such as
National Water Regulator are forms of strengths (W1). Centralising water management is thus seen as

a strength of the water s e[t20]@sitrepriesentsahle cugentglebalt wi t

trend.

The primary weakness of Mal aysiabs water sector
is in charge of water supply and services whilesta¢e governments are in charge of water resources

(W1, W2, W3). In addition, the extensive water regulatory acts cover only the water supply and services
and not the water resources (river, seas, lakes, etc.), which resulted in poor water quality on the
resources. Consequently, this leads to extra efforts and cost in water supply treatment by the federal
government (W2). Insufficient revenue or income due to-mremenue water (NRW) and belevost

tariff [120] have also caused problems for the water sector (W2). A vicious cycle is inherent in the
situation- Insufficient funding to improve water system because NRW is high, NRW is high because

of insufficient funding to improve watesystem (W2). As such, the water security in Malaysia revolves

around the following characteristics:

1 To supply water of sufficient quality and quantity to consumers from domestic, industry, and

commercial.

1 Quantitative measures are addressed in a tws wamely from the supply side, where reserve
margin, dam capacity, NRW, and etc. are looked at, and from the demand side, where water

demand is managed through policies, technologies, tariff setting, and education.

9 Disconnect in governance as the stateegoment is in charge of water resources (lakes, river,

sea, etc. ) while the federal government is in charge of water supply and services.
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A number of measurement exists for measuring food security such as SSL, food kilometre, carbon
footprint, import cost, nutrition security, GDP, gross national income (GNI), income breakdown,
proportion to spend on food, per capita measures, calorie intake per person, nutrition loss in processing
of food, and etc. (F1, F2). Apart from that, agricultural sustainability index, which currently do not

exist, could probably help understand the stafead security in Malaysia (F2).

The strength in Malaysiabs food sector is havi ng
economic strength that helps in countering the <c
arich biodiverst y t hat becomes the nationb6s comparative
treasure trove that holds 5% of worl ddés biodiver
from Malaysia (F2). In addition, Malaysia has 6 million hectaremafginal land where local and

marginal crops can be grown (F2). Apart from that, Malaysians generally has good food safety

awareness (F1).

The weaknesses of Malaysiabs food security are r
food is riee, and rice causes diabetes (F1). Secondly, too much emphasis was given to growing palm

oil, which are essentially grown for cash and does not address food security (F1). Besides, the import

bill for food is high at RM45.4 billion, a 100% increase from R3M#lllion in 2012 (F1, F2). On top of

that, the weakening currency of Malaysian Ringgit (MYR) only increases the problem further (F2).
Overdependence on food importation wil/ al so we
sovereignty, where the growef the crops gets to choose whether to export or sell their products (F2).

I n addition, Mal aysiansé diets ar e rich i n carkt
nutrition security (F1, F2). Despite having many local food and fruits, theetrfarkthem is quite poor

due to problems from both side of the business spectrum namely poor marketing knowledge and skills

of the farmers and poor awareness from the general public (F1). As such, the food security in Malaysia

revolves around the followgncharacteristics:

1 Rice has been the staple food of Malaysia apart from other major food such as wheat, sugar,

and cooking oil.
1 Malaysia is vulnerable in ensuring supply of rice as only 70% SSL in rice is achieved.
1 Malaysia has a rich biodiversity andréllion hectares of marginal land to be utilised.

1 Import bill is very high (RM45.4 billion- a 100% increase over 5 years) and as such, the

currency strength MYR plays a pivotal role.
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4.2.4 Water-Energy Links for Malaysia

An apparent link in the energge for water manifest itself in the form of production cost, as reportedly
40% of production cost is from energy (W1). It is in future plans of KeTTHA to put in efforts in being
energy efficient when producing water on top of addressing constructionahateficarbon emissions
(W1).

The most apparent water for energy link is the power plant generations where water is withdrawn for
the operation and cooling of power plants (E2). Dams are also constructed for hydropower use during
peak hours (W2, W3). Heever, when the dams were constructed, minimal attention were given to
water requirement (W2). Flood and drought has also been known to cause problem on power generation
(W3).

4.2.5 Food-Water Links for Malaysia

WaterFood links for Malaysia can be searthe agriculture sector, particularly in the palm oil industry
(W2). A problem which palm oil industry causes is the drying of catchment areas during dry seasons
(W2). Apart from that, water for food links is demonstrated by irrigation of agricultudesraip yield

based on water usage, otherwise known as drop per crop (W3).

Wateruse efficiency, otherwise known as crop per drop, is used to measure the amount of water used
in order to produce the amount of food in weight (F1, F2). For example, datmedatively inefficient
because 0.6 tonnes of water is needed for 1 tonne of fresh fruit branch (FFB) (F1). Thousands of grams

of water is also needed for one gram of biomass crop (F2).

4.2.6 Energy-Food Links for Malaysia

Foodenergy links are proment in land allocation (F1, F2). There exists a competition between the
two sectors on the crops to greviood crops or energy crops (F2). From the food sector perspective,
energy must not compete with food in terms of land allocation (F1). That ig, b thee land is suitable

for growing crops, then grow crops, and instead use agricultural waste to generate energy (F1). Besides
that, energy use can also be found everywhere along the food value chain namely tractors, cold room,

food distribution, trangort and business packaging (F1, F2). Agriculture is also a net user of energy
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more kJ put in from energy than kJ content in food produced, essentially a conversion from inedible

chemical energy of crude oil into edible forms of food (F2).

4.3 Malaysia WEF Security Nexus Conceptual Framework

From the understanding of Malaysian WEF security scenario, a framework to represent the Malaysia
WEF security nexus is proposedHrigure16. The skeleton of the framework derived from the idea

that WEF security nexus conceptual frameworks largely consist of the three sectors namely water,
energy, and food circling around a central focus, with influencing factors affecting activities in the
nexus to obtain a certain sete$ults, as illustrated Fgurel. For the case of Malaysia, the influencing
factors for WEF are issues related to the WEF sectors such as economic sustainability - réghmaom

water, development of greendanenewable energy, the strength of the ringgit etc. The influencing
factors affects and is affected by the activities and initiatives in the WEF sectors which consist of the
three large water, energy, and food sectors which encircle the five importaphideof study namely
technology, environment, social, economy, and policy. Similar to the summary of WEF nexus
frameworks inFigure 1, there is a core focus in the middle of the framework. However, instead of
focusing on a very specific element, this framework puts the balance of technology, policy, social,
environment, and economy in the middle. For the individual sectors, the boundaries of what is
considered to be sectmelated or not is formed from the estabéd definitions of the respective
resouces as discussed in sections@n® 4.4. The core of these sectors are the current problems faced
by Malaysia WEF sectors. The output from the activities in the WEF security nexus gives results in
alignment with Mahy si a0 s vision towards a developed na:
development of the country, wellbeing of the WEF sectors, sectoral balance, and overall improvement
in the livelihood in Malaysia. On top of that, there exists feedbacks from thésragalthe activities

in the nexus, and back to the influencing factors as well. This is important as feedbacks from the current

state and results provide relevant information for adjusting actions and improvements.
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4.4 Measuring Resource Securities

Upon establishing the working definitions, it is important to look at how the securities are measured.

The measures of how good, bad, high, low, healthy, unhealthy, etchoflisnensions are thus called
O6performanced. Performance measurements are yar
individuals or organizations are doing in relation to their set goals and objdt®&¢sThey are forms

of feedbacks which aid in making decisions, moving forward, and improving from any current to desired
states on top of building confidence in decisifit&].

Securities of resources, be it availability, accessibility, affordability, and etc., are forms of performance
measures. Examples of performance measures for such dmease amount of resource quantity in
existence for use, ease of obtaining and safeguarding resources, price/cost per unit resource, and etc.
Albeit some of the performance measures mentioned in this context may not be results of human
activities, they 6ll serve by providing information such that better decisions can be made. In cases such
as the WEF security nexus, the measurements allowoiontry seHassessment, progress tracking,

scenario analysis, and crossuntry comparisonfgl88].

Various institutions, organizations, and individual researchers make use of indices and key indicators
to measure such performances. The use of indicators, its build ugs aodstituents varies according

to different types of target audience, depending on the needs, such as general public, policy makers, or
technical expert$189]. Previous studies and established measurements of water, energyp@nd fo
security indices as well as key indicators are critically analysed to form the foundation for which this

research can build upon.

4.41 Water Security Key Indicators

Numerous works have attempted to measure water security in the past arddessoredby either
aggregating a few metrics to form a composite index or measuring a few key indicators. Albeit they
may be assigned different weightage (and hence importance) in some measurements, the sheer number
of composite index and indicators proves thany different aspects that need to be addressed when
addressing water security. A list of the indicators have been compil@dhie 35 in Appendix |
[11,56,186,190193] This list has been used as a starting point to further narrow down to relevant key

indicators for Malaysia.
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The level of spcificity of the composite index or key indicators varies from study to study depending

on the scale of study, region, or context. While some are just ratings given by qualitative deduction

from observation of the water condition of any specific stateesmuld provide a quantitative certainty

as they are calculated from specific data. As an example, the Asian Developmeft Bnlsed a

scale of 15, from hazardous to model stage, to rate its five key dimension of national water security
index. On the othéhhand, Jiang191J]used speci fic quantities of O&épop

capita water resource (mSMHO tamdpedpfeor metch@ar &n avla

From the adopted definition of water security in this research, as presented in 2éctioand from
the understanding of Malaysian water security se

that are of pmary concern are:

A Availability and Adequacy:
U Reserve margin
U Water demand management
A Quality and wateborne pollution:
U Water supply treatment
U Wastewater treatment
A Sociceconomic development:
U  Water tariff
0 NRW
U Cost
U Water sector revenue
A Governance:
U Discomect of governance

U Water regulatory acts
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4.42 Energy Security Key Indicators

Energy security indices and indicators have been a very active research area in recent years and as such,
there exists a wealth of literature on energy security index alchiors looking into many different

aspects of energy security. Ang et[488] provided a comprehensive comparative analysis on various
types of energy indexnal indicator studiesl'able36in Appendix| provides a list of energy security

index and indicators being considefd®0,194 198] This list has been used as a starting point to

further narrow down to relevant key indicators for Malaysia.

As opposed to water security index and indicators, there exists a larger range of index and indicator
because dhe diverse energy types and forms that are available. Energy security can be studied in terms
of its primary supply (fossil fuels such as coal and oil, or renewable resource such as wind and solar)
and secondary supply (electricity). On top of that, mahythe energy indicators are related to

environmentas the energy industry is a major contributor to emissions and air pollutants.

While Ang et. al[188] may have used terms such as energy prices, environment, and societal effects

in his second table to compile energy security index and indicator works, it can be seen that many of
the energy security quantification awiablityves ar
accessibility, acceptability, and affordability. Yaoand Chg®@Jused t hi s 64 Asd conce
the indicators required to quantitatively analyse energy policy implications in China. SharjftR@jjn

by using a similar method of selectively choosing indicators of energy security based upon the aspects

of availability, stability, affordability, efficiency, and environmental impact, attempted to quantify the

energy security for Malaysia. 8@ of the indicators used were such as primary energy supply per

capita, proved reserws-production ratios, transport sector energy consumption per ddlpitaetre,

and etc.

From the adopted definition of energy security in this research, as prbsesttior2.6.2 and from
the understanding of Malaysian energy security s

that are of primary concern are:

A Reliability:
U Undisrupted electricity supply

U Undisrupted fuel supply

93



A Availability and syply:
U Resource reserve
U Resource import
U Electricity production
U Fuel type
U Diversity of resources
U Cooperation with other countries
A Affordability:
U Production cost
U Electricity tariff
A Economic development and supplgmand management:
U Decentralizing electricitgector
A Environment:
U Emissions

U Renewable energy penetration

4.43 Food Security Key Indicators

Unlike water and energy security, fewer works have bmmmpletedon food security indices and
indicators. However, a number of studies on food security indeéxnalicators are available to present

on what is important when measuring food security, as compil&dbfe37 in Appendix| [56,199

201]. This list has been used as a starting point to further narrow down to relevant key indicators for

Malaysia.

When measuring food security, it can be seen that it is closely related to human health-bethgell
Factors such as hunger, poverty, aadtent of micronutrient in daily diet are important indicators of

food security in a country. The Economist Intelligence Unit (ER0P]in an attempt to establish global

food security index, made use of variables such as prevalence of undernourishment, percentage of
children stunted, percentage of children underweight, intensity of food deprivation, human development
index, global geder gap index, EIU democracy index, and prevalence of obesity, to rank food security

of numerous countries. Mastgk99] made use of the pillars of food security (availability, access,

94



utilisation, and stability) to identify key indicators such as food crop diversity, sufficiency of household

food consumption, percentage household expenditure on food, and etc.

From the adpted definition of water security in this research, as presented in se@&iGnand from
the understanding of Malaysian water security se

that are of primary concern are:

A Population and attitude:
U Wastage

A Physical, social, and economic accessibility:
U Import cost
U Strength of MYR

U Proportion to spend on food

u GDP
U GNI
A Adequacy:

U Self-sufficiency level (SSL)
U Agricultural land
0 Marginal land
A Safety:
U Cold chain
U Storage
i Chemical usage
A Nutritious and dietary resls:
U Staple food: Rice, wheat, sugar, livestock
U Nutrition security
A Food preference:
U Appearance of food
U Diet
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A Environment:

U Carbon footprint

4.5 Construction of CLD

This subsection providese construction of the CLDs areresult of extensive literatureview and
interview with key stakeholders from the WEF indusirige manner in which the Cldarepresented

is by addressing each loop that exists in the entire CLD, accompanied by a brief explanation on the
modeland the reasoning behind their structuiidse purposes of CLDs are multipronged. They are to
provide a high level understanding of the relationships between variables in the WEF security nexus, to
act as a starting point for the construction of SFD, and to capture and provide qualitative ndidgrsta

that would otherwise be unobvious in SFD. Considering that the building of CLDs are an iterative
process, as discussed in the SD process in sec8d &arlier iterations of the CLDs exist and can be

found in Appendix II.

4.5.1Electric Type, Demand, and Tariff Loops

U
Operational Cost of Industnal :
Renewable Power Sector + Electricity Tariff

o

Operational Cost of
Non-Renewable Power
Sector

+ \
*  Domestic @
Electricity Tariff
tz)

Non-Renewable Power

Renewable Power Generation Plasits -
Generation Plants % @ 1 Industrial Usage of
+ Domestic Usage of Electricty
Electricity

Building of
Non-Renewable Power
Building of Renewable Generation

Power Generation ?\\ Total Need for
?v Power Generation 3

Figurel7: Electric Type, Demand, and Tariff Loops
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Figurel7shows four balancing loops that involves electricity type, demand, and tariff for both domestic
and industry. The logibehind the loop is that electricity demand will increase electricity tariff, due to
the higher operational costs of maintaining more generation plants. This model forms an important
junction and interface of the energy sector to other sectors, as ersagg from other sectors would
determine the industrial usage of electricity. The building of new power plants is driven by the
prediction of power generation needs from current usage. However, the magnitude of whether

renewables or nerenewables will case tariff to increase in the long run is to be determined by SFD.

45.2Water Supply, Treatment, Demand, and Tariff Loops
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Figurel18 Water Supply, Treatment, Demand, and Tariff Loops

Figure 18 shows tle domestic and industrial loops for water supply, treatment, and tariff. It portrays

similarities and differences to the energy demand and supply loop. It is similar in a sense that the usage
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acts as an interface to other sectors as water usage fronmsethers would feed into domestic and
industrial usage of water. The difference is shown in the fact that water services in Malaysia is divided

into supply and treatment.

4.5.3Water Demand Management

T N\ N

Industdzfl Usage of Water Demand Domestic Usage of
Water. Management Efforts. Water

| Neg

Figure19: Water Demand Maagement CLD

Figure 19 shows the CLD for water demand management, which seeks to control the domestic and
industrial usage of water. Water demand management are carried out in the form of tariff control and
through technologicaand policies implementation. For example, in the past, water tanks in toilet
systems are as large as 12 L (W2). Recent policy changes have compelled the size to be reduced to
between 3 L and 6 L (W2).

4.5.4 Food Demand, Affordability, Availability, and L and Use Loops

Figure20 shows a CLD of factors concerning food and agriculture. An important and highly relevant
variable to food sector is available land and its usage. This is because land can be converted into area
for growing crops and farming livestock to satisfy food requirements, as well as to grow cash crops
such as rubber, cocoa, and palm oil. The conversion of land into these three areas forms three balancing

loop with available land.
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Figure20: Food Demand, Affordability, Availability, and Land Use Loops

On the affordability of food, whether its crop, meat, or poultry, the price of food is usually determined
by local availability. The less food we can produce on local soil, the more wéoniegabrt, the higher

the average price of food, and hence the lower the affordability of food. While it is debatable on whether
a person would cut down on food intake significantly based on affordability, affordability does play a
major role in ensuringoibd adequacy and eventually human voeling. This is enhanced by the fact

that UN pays much attention on reducing and eliminating poverty in Millennium Development Goals
and Sustainable Development Gdaia,111]
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4.5.5Population as Drivers of Demand Loop

Domestic Usage of
Electricity .
+
" Birth .
Domestic Consumption
@ of Food .
& +
Population .
=) +
Death 4% Domestic Usage of
’ Water .

Figure21: Population as Demand Loops

Figure21 shows a basic loop to determine domestic demand for all three sectors namely water, energy,
and food. The projection of palation can bealculatedwith the reinforcing loop that population forms

with birth, and balancing loop that it forms with dea@lonsidering the average resource consumption

per capita would be given by a particular value, the total domestic consuraptiesources would

increase or decrease in tandem with the change

4.5.6 Power Plant Operational Hoursand Emissions Loop

Figure 22 shows other dominant factors of energy sector dpart electricity demand and tariff i.e.
number of nofrenewable power plantpower plant operational hours, emissioaad the need to
reduce C®@ emissions The logic in constructing the reinforcing loop of operational hours of non
renewable and renewabbower plants is that the energy service provider could opt to turn down power
plants in the event of power surplus (as a result from power need forecast for any particular period). As
such, for a constant amount of energy produced and consumed, maretiproffom norrenewable

power plant could result in less needed from renewables, and vice Meesamissions loop in this case

acts as a balancing check to prevent indefinite growth ofrewewable power as compared to
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renewables. This is because esings condition may encourage environmental policigsch drive

the building and use of renewable power plants

Operational hours of

NOH'REH;‘;?HIE Power Operational hours of

+
T Renewable Power Plant \
+ Renewable Power
Generation Plants

Need to Burn Fossil
Fuels of Power Sector

+

CO2 Emissions due to Non-Renewable Building of
Non-Renewable Power Power Generation Renewable Power

Plants Plants Generation

+ +
Availability of
Fossil Fuel
Building of
+ -
Non }}}?nzvizlizgoww Need to Reduce Energy

Related CO2 Emissions

Figure22: Power Plant Operational Hours, Fossil Fuel Mining, and Emissions Loop

4.5.7 Water-Energy Relationships

Figure 23 shows an elaborative watenergy relationship loop. The important links in forming these

two closed reinforcing loop between water and energy lies in three important variables namely water
withdrawal due to nomenewdle power generation, water withdrawal due to renewable power
generation, and power consumption due to water treatment. Water quality is a contributing factor to the
need for water treatment, while power plants are a contributing factor to lower watsr. dusapower

plants require water to cool the power plants, water treatment plant require power to treat the water.
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Figure23: WaterEnergy Relationships
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4.5.8 Water and Energy for FoodRelationships
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Figure24: FoodWater Relationships Loop

Figure24 shows water and energy requirements for ficeddtionships loop. The important links which

connects food sector to water sector is the need for food irrigation. Two tyipegation exist, which

are local water source irrigation and supplied water irrigatiors Mal aysi abs

predominantly raiffed (W2), the focus of this research is thus on local water source usage. From the
figure, it can be seen that the mdand we have (food crop, livestock, or ffond crop), the more
production there will be, and consequently the higher the water consumption from local water source.
On the other hand, energy for food links can be seen in the form of agricultural maciniigation

(which requires electricity), and other energy uses. Other energy uses are indirect energy such as

pesticides used on crops and fuels.
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4.5.9 Water-Energy-Food Security Nexus

Upon establishing the links of watenergy, watefood, and aergyfood, it is therlogical to establish

that the three sectors, water, energy, and food are indeed interlinked with each other. While some
variables form direct links between the sectors, such as water withdrawal due to power generation, some
are indiect due to the presence of intermediate variables, sulem@sise and operational hours of

generation capacitied between the sectors.

4.6 Chapter Summary

From section 4.5it was shown that the CLD of WEF nexusas constructed using relevant and
important indicators. The indicators are obtained and understood from a combination of literature
review and key stakeholdersd i nput Theoqgoaltatibei ghl vy
interrelationships from the loops have demonstrated tharwanergy, and food sectors are indeed
connected on a fundamental level. Qualitative validation of the established relatidmesgpbeen
performed via interviews with industry experts in the sectors. Upon consolidating the CLD, the next
step would bea convert the CLD into SFD so that the behaviours of the variables can be simulated and

analysed.
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Chapter 5 Construction of Stock and Flow Diagram(SFD)

5.1 Introduction

From the CLDs constructed in previous chapter, Chapteé$tock and Flow DiagramiSFD) are
constructed in order to allow for data simulation and are discussed in this chapter. SFDs ace specif
numerical models, which allow fguantifying and simulating the ideas and relationships derived from
CLDs. As opposed to CLDs, which drigh-levelrepresentations on the understanding of WEF security
nexus, SFDs are built with all relevant variables and constants that are necessary for the smooth
simulation of model. In every subsection, SFDs are elaborated alongside its equations, ratidnale,
information obtained from interviewand extensive literature revieWhilst conversion of CLDs into

SFDs differs orcaseby-casebasis, the general guideline for the transformation is first to understand
the CLDs constructed in Chaptdr and then tadentify all necessary variables, which fall into
categories of stock, flow, constant, and auxiliary. Upon successful representation of the variables in the
form of SFDs, equations, values, and units are embedded into the vakab#SD validation on th

base case (S0) has been conducted to provide the SFDs with more confideni@asult, the completed

SFD model would be ready for simulating scenarios, as wouldeB@gned angresented in the

following chapter.

5.2 Demand SFD

As discussed in secticd.5.5 population forms the demand of resources via domestic consumption.
This subsection explores the dynamics of demand changes (6.2.1) and its translation into utilisation of
resources (6.2.2). Whilst the specific demand needs may differ for diffeisenirces, as depicted by
CLDs in sectiongl.5.], 4.5.2 and4.5.4 the fundamental prerequisites for resource consumption are
the per capita requirements, which derive from the population of the n@boasearch that employed

the similar approachofxn si deri ng popul ation and per capita

V

of life expectancy202], Hji ort h and Bagher isthdy[208]uas well das Azadeh e d e v

and Arani 6s wor k o[@04)bi odi esel supply chain
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5.2.1 Population Growth

.
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Population forms the primary group where their WEF securities are concerned. Whilst population may

determine the usage of resources aa n y
been included in the model to provide a basis of forecast for the initiation of new land, new generation

Figure25: Population SFD

particul ar

present

ti

me

capacities, and water facilities. The duration of 5 years has been seledigdrreat with Malaysia

national plans which are usually developed and reviewed once every $3@grshus showing that

the planning i€onductedy looking 5 years in advance on top of having a long term plan. The structure

in Figure25 has been seen several times in other stytige145,146,148,206]
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Equations:

01 PO1 ACEAE @ADAAADAEDA 01 POI AOBEDI 4
AE@ABDAT bOI ADEA A QEI@@DAIyear} (5)
AAADEOAT DOI ABEA A GRAIADADA/year} (6)
AOAAQEI@IDAT DAYOAAO 7
A0 A A GRAIATDAD A& T p{fyear} (8)

01 DOl BODEAAD®O
AE @ADBUAADOA A ADEDBU A ADKDO 9

ol DOITADEAADOD DI

5.2.2 Population Demand (Basic Water, Energy, and Staple Food)

Theestimationfor total requirement and usage carpbeformedn the SFDas shown irFigure26, by
multiplying population with per capiteequirementWhilst energy and water are rather straightforward

in resource identification, food has been broken down into four staple food namely rice, wheat, sugar,
and livestock. As such, these six variables would bé as®ne of the inputs in determining subsequent

resources (water, energy, and food) expansions, as detailed in subsequent subsections.
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Figure26: Demand SFD

Equations:

7 AOA DN OE OB ABA A

01 DOI ATOGEGHAIDT 00T PABADE ABA ADIA A

%l A A CCOENRGEROQB AGBA ACD
ol OI AOET 1

2%l AAGIOEIAGRI Ub ABA B B BIBA AET BUA A O

2 EAANOE OB ABA AD

01 DOI A20EA AT OOT bAoA BEHADA AU A A (

7EAAANOE OB ABA ADD
o1 pO1I AGET 1

z7EAADT OO b AADE ABA AFDIUA AO
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3 O CALN O E OB AIBA ACD
ol DOI AOGET 1
23 OCGHAIOI OOT b AeA BB ABA ARTUA A O

, EOA QAINDE OB ABBA ACD
o1 pO1I AGET 1
2z, EQAGON OB bABADE ABA AEDIUAA O

7AOADNOE OBABABDUAAOOD
0i POl BODEAAOO
z7 AOGRAIOT 001 PAOPABBADAABIAAO

%I AACQOENMEQBABAABDUAAOCOD

0l DOl BDEAAOO
2% AAGOEIAGER Ub &A BB ABA AET -UAAO

2EAANOEOBABABDOUAAOOD
0l DOT BDEAAOO
z2 EART 001 DAA BB ABA AEPUA A O

7TEAAANOE OBABABDUAAOO
01l DOl BDEAAOO
z7EAADT OO PARADE BBA AEOUAAO

3O0CAONOE OBBANADUAAOOD

0l DOl BDEAAOO
z3 OGHAIOl OO0 PARABE BBA AEDIUAAO

, EOAQAINDE OBABABDUAAOO

0l DOl BODEAAOO
z, EOA@OIT OO bAoA bE ABAAETUAAO
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5.3 Electricity Generation Capacity SFD

5.3.1 Energy Capacities

Figure 27 shows a generic SFD for electricity generation capacity, which is the backbone for the
generation of electricity. From the figure, TYPEeawef to the different energy type used to generate

electricity. They are:

1 Five for NorRE energy type:

o Gas

o Coal

o Oil

o0 Diesel
0 Nuclear

1 Five for RE energy type:
0 Hydro
o Solar
o Bio + others
0o Marine

o Wind

Similar structure is seen from previous works of Ford and &kel.[149,207] The structural idea has

been adapted to suit the case of WEF where variables are further used to calculate important indicators
in the WEF, such as the power guzed yearly, the yearly G@missions, and subsequently the water

used per power produced. In addition, to complete the loop of CLD from secBdh installed
capacities and capacities under construction must also be used to consider and caléuoitdtidhe

of new power plants.

The initiation of new capacities is determined b

the forecast of future need, as discussed in sestB. Two main stocks exist in this SFD namely the
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installedcapacity and the capacity under construction. Due to long construction time, as represented by
the variable of average build time, capacity under construction is necessarily included as a delay element
from a SD point of view. The rate at which the instal capacity decreases is determined by the

retirement rate, which is calculated from knowing the average power plant lifespan.

On determining the total capacity for any energy type, it is important to consider the summation of both
installed capacity andapacity under construction. This is to avoid over initiation of capacity based on
demand projections, and would later be used in forecast of capacity requirement, as illustrated in section
5.3.3. As discussed in section333, capacity under constructias a form of delay, which has to be

considered to improve the accuracy of projection.

TYPE | forecast of.
future need (MW)==

TYPE | Average Plant
Lifespan (year)

Reserve Margin TYPE | Capaci
(dmul) o Under (Jonsguctgn . TYPE | Installed
TYPE | initiation rate (MW) TYPE | on line rate|  Capacity (MW) TYPE | retirement
(MW/year) (MW/year) rate (MW/year)
Q\ TYPE Power
~ TYPE | Average TYPE | Cons. + TYPE | Average produced yearly
initiation time (year)  Installed (MW)  build time (year) (kWh/y)
TYPE | Efficiency
o (dmaD) Average yearly
TYPE | Yearly Energy e ———operational hours of
Potential (KWh'y) TYPE (vy)
Figure27: Electricity Generation SFD
Equations:
TYPE | Capacity Under Construction =
49 0sl EOBAORIISIHTET RA DA (22)
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TYPE | Installed Capacity =

49 0stoll EODAOCA9 0sAOEOBAARO

L A A M N Az A

TYPE | initiation rate =

TYPE| forecast of future need*(Reserve Margin+1)/TYPE | Average
initiation time (year) {MW!/year}

TYPE | on line rate =

IF THEN ELSE{YPE | @pacity Under Construction<=0, 0 ,TYPE |
Capacity Under Construction/TYPE | Aveage build time) {MW/year}

TYPE | retirement rate =

TYPE | Installed Capacityl YPE| Average Plant Lifespan {MW/year}

TYPE | Cons. + Installed =

TYPE | Gpacity Under Construction+ TYPE | Installed Capacity {MW}

TYPE| Power produced yearly =

TYPE | Installed CapacityFYPE | Aerage yearly operational
hours*1000*TYPE | Efficiency {kWh/year}

TYPE |CO2 Emission per year =

(23

(24)

(29

(26)

(27)

(28)

TYPE | Aerage yearly operational hoursTYPE | CO2 Emission per Hour (29

Operation{kT/y}
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TYPE | Yearly Energy Potentiat

TYPE | Cons. + InstalledFYPE | Average yearly operational has*1000  (30)
{kWhlyear}

49 0s%OAORICROBEAOCRET PODAO (3D
49 0s%OAORACHKIEA AET PODAO (32
49 0s% O A OAICRTEGEA OEEATPODAO (33
49 0s% OA OLELAROD BOA GE IOIO&IT PODAO (34
4 9 0s% A/AE AERT AdI} (35

5.3.2 Energy Economics

Figure28 shows SFDOo calculate the Levelised Cost of Electricity (LCOE), where it is the theoretical
minimum of setting electricity tariff before losses are incurred. An average LCOE is calculated by
considering the total cost and total electricity generated from all gemetgpes This follows the
rationale that if there is only one electricity tariff which the users pay regardless of the source of

electricity, then an average LCOE should be calculated before determining that tariff.
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Figure28: LCOE
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Equations:

TYPE | Avg Total Cost per Year =

(36)
TYPE | AVG LCOE*TYPE Power produced yearly {MYR/year}
Total Cost of Electricity Generation =
e A e s o o o (37
49 0s%OLT GATOALAAO
{MYR/year}
LCOE =
Total Cost of Electricity Generation/Total Power Produced Yearly (39)
{MYR/kWh}

5.3.3 Forecast of Capacity Requirements

Figure29 shows the entire suimodel for forecastig generation capacities, which subsequently lead to
initiation of capacities. In order to determine how much electricity generation capacity to initiate, the
gap of capacity requirement is calculated from considering the gap of electricity requiremgsdrper

and the average operational hours of different generation types. An important decision variable that
needs to be considered is the desired renewable penetration. This subsequently results in a resulting
desired nofrenewable penetration. The specificecast for each generation type is then determined

by a further step of deciding the breakdown of the energy type share. Subsequently, the calculated
forecast for each energy type would be used in the energy capacities SFD, as was illustrated in section
5.3.1.
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Figure29: Forecast of Generation Capacity Needs
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Equations:

RE | Cons + Installed =

2% ADAAEOEAO (39
{MW}

Non-RE | Cons + Installed =

.1 2%ADPAAEOEAO (40)
{MwW}

Gap of Capacity Requirement =

Gap of Electricity Requirement per year / Average Operational Hours of (41)
Capacities {MW}

Gap of Electricity Requirement per year =
(42)
Total Energy PotentialElectricity Requirement per year {kWh/year}

Average Operational Hours of RE =
I OAOACA / PAOAGET TTADI AIAZPOOD A (43
{hour}
Average Operational Hours of NGRE =
| OAOACA / PAOAOGET 1TTADI AABIROOU &L (44)

{hour}
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RE | Total Capacity to Initiate =

$ AOE20A A1 AOEGGAD of Capacity Requirement {MW}

Non-RE | Total Capacity to Initiate =

2A00IsQBOEQ AR AT A O éaawaf Capacity Requirement
{MW}

Effective RE Penetration =

RE | Cons. + Istalled / Total Capacity | Cons. + Installed {dmnl}

Effective NorRE Share =

Non-RE | Cons. + Installed / Total Capacity | Cons. + Installed {dmnl}

RE TYPE | forecast of future need =

RETYPE | RE ShareRE | Total Capacity to Initiate {MW}

Non-RE TYPE | forecast of future need =

Non-RE TYPE | NorRE Share of Capacity*NeRE | Total Capacity to
Initiate {MW}

2% 90sHBEAOKT DADT I

. T2%90s%i 1 2%BEACEAADAAEGWLADT I

$AOROAAT ACOABDIEDAIDT |
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5.4 Water Use in Energy

5.4.1 Water Use in Power Production

Figure 30 shows the SFD to calculate the water used in electricity production. The water used in
electricity production igalculated by first computing the amouwftelectricity generated in a year and

then multiplyit by the amount of water withdrawn per unit of electricity produced. As such, the size of
generation capacity and operational hours are needed for this calculation. The water used per unit
electricity generated thus varies accordingly to the energy type. Whilst most of the water used in the
power plant are eventually returned to their local source, a small amount may be used up, or termed as

consumed. As such, the fraction of water consumed becausectfaily generation is added to the

structure.
TYPE | Installed
Capacity (MW)
(\ TYPE | Fraction of
TYPE P,
ptoducedz":::y Water withdrawn per kWh water returned (1/y)
(KWh'y) of TYPE produced (L/kWh)
TYPE | Total Water
Average yearly oy T - Consumed due to Power -
operational hours of TYPE | Water Production (L) TYPE | Water
TYPE (h'y) withdrawn yearly (L/y) returned yearly (L/y)
Figure30: Water for Electricity SFD
Equations:

TYPE | Total Water Consumed due to Power Productien

(59
49 0s%A OBAOOORAADU

49 0s%i TANOAD] OOABED i x 807 AOBDOE])
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TYPE| Water withdrawn yearly =

Water withdrawn per kwh of TYPE produced*TYPE Powerpduced (56)
yearly {L/year}

TYPE| Water returned yearly =

IF THEN ELSE(TYPE | Total Water Consumed due to Power Productiol

(57)
<=0, 0, TYPE | Total Water Consumed due to Power Production*TYPE
Fraction of water returned) {L/ye ar}

7ACADOEADARITE A9 00T ACARKD BT E (58
49 0s®OA AICEA ODALOOOOTEIADGYOAAO (59)

5.5 Urban Water Cycle

The backbone of theater sector can be given by the urban water ¢26i@,209]and can be illustrated

by Figure31. The urban water cycle is then converted into SFD form as depictEdyine 32 The

urban water cycle forms a closed loop starting from natural water resources, to water treatment and
supply, wage by end users, disposal by end users, wastewater treatment, and finally back to natural
water resources. As also emphasized by W2, two treatment exist in the urban water cycle i.e. the water

supply treatment before distribution to users and the wastetwaatment after disposal from users.

Natural water resources are natural water bodies such as rivers, aquifers, lakes, etc. and are under the
jurisdiction of the state governments in terms of management. They are represented by the stocks of
Groundwdaer and Surface water in the SFD. Surface water in Malaysia is much greater than
groundwater, 5.6 x £OL of surface water as compared to 6.4 X*10of groundwatef210]. Seawater

analysis has not been included in this study as desalination of wateréxiatant in Malaysia due to

overly high costs (E1, E2, W1, W2).

Next, the stage of water supply and services is represented by the stock of Treated water, and flows of

groundwater treatment rate, surface water treatment rate, domestic water supply rate, and
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industrial/commercial water supply rate. In addition, the oatsupply water treatment is determined

by the water supply treatment capacity units that we have in the country, as illustrated in section 6.6.2.

After treatment, water is supplied and distributed to users from categories of domestic and
industrial/conmercial. Essentially, treatment and distribution of supply water stems from the same

place and as such, has been considered together in terms of per L water treated/distributed.

Usage and disposal of water have been represented by flows of Domesticexgskrate and
industrial/commercial water expel rate. These flows determine the rate at which wastewater would
accumulate before being treated in the wastewater treatment services stage, where it is represented by
the stock of accumulated wastewater. Tate at which wastewater are treated is determined by the

number of sewage treatment capacity, as discussed in sg&igdn

Natural water
resources

Wastewater Water supply
treatment and services
services treatment

Distributed

Usage,

disposal and o t.o
: domestic,
drainage of ;
ater industry, and
commercial

Figure31: Urban Water Cycle

121



Fractional Domestic

of Fractional Domestic Water Expel Rate
W t Water Supply Rate (1/year) Sewage Capacity to
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Accumulation Rate Supplied W,
(dmnl) <0 Groundwater = - Domests Woater - uI};E IITESIjCaEE to =y -~
Grouncl'?vate-r Groundwate: ) Supply Rate (L'y) Domestic Water
Accumulation Rate Treatment Rate (L/y Expel Rate (L/v)
@)« ]
Tr Treated Water (L) ‘éciir‘nil;teé ) - _
- Wastewater

Fractional Swater . Treatment Rate (L'y)
Accumulation Rate  {)————t| acewater o
(dmnl) Surfacewater \S% Sutlfacewater - dsilm?]_lgd Water _:{ o -
\’ Accumulation Rate Treatnjent Rate (L/y) Industry/Commercial ustry/Commercial (L) [ = = &
") Water Supply Rate (L/y) Water Expel Rate (Ly)
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Industrial/Commercial
Water Supply Rate (dmnl)

Fractional Industrial
Water Expel Rate

e rwee (Lyear)

Overlap Between Total Tnternal

Surfacewater and ——w .
Groundwater (L) Renewable Water (L)

Figure32 Urban Water Cycle SFD
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Equations

Groundwater =
O O1 AxADADORAOGRIT T (60)

'Ol O1 A4 @BDAO2I ABD ' OF O1T ADA{QAO

Surfacewater=
SO0OFAARAAORORAORT 1 (61)

SO0AAAAQARLADABD 3 O0AAAA

Treated Water=

'O O1T A4 ABAOI ADBDOOAAAASADADADD

(62
$1T 1T AGOOAODRIADA
)T AGEOOU A TAPDAIODRIABD 4 OA ATIORGD L}
Supplied Water to Domestic=
$1T 1 ACGOOROPRIADAT | AGADRKODAABAD (63)
30DPT EAA®I | AGOARA
Supplied Water to Industry/Commercial=
YT ACKHOOU A GIOPRIADA T AGKOOOU -
#1011 ACdDBA @D 30DDPT EAADI AGKOOOU
#1117 ACRA BLA I
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Accumulated Wastewater=
$T 1T ACGODRKRODAAOAT AGEDO DU A OSIB2AA O A

0]
7 A0OOA 4OMADI ABD ! AOiI Ol ABLBGBA xAA QA O

Groundwater Accumulation Rate=

Wastewater Treatment Rate*Fractional Gwater Accumulation Rate
{Llyear}

Surfacewater Accumulation Rate

Wastewater Treatment Rate*Fractional Swater Accumulation Rate
{Llyear}

Groundwater Treatment Rate =

IF THEN ELSE(Groundwater<=0, 0 , Water Supply Treatment
Capacity*Average Effectiveness of Water Supply Treatment Capadity
{L/year}

Surfacewater Treatment Rate =

IF THEN ELSE(Surfacewater<=0, 0 , Water Supply Treatment
Capacity*Average Effectiveness of Water Supply Treatment Capadgity
{L/year}

Domestic Water Supply Rate =

IF THEN ELSE(Treated water<=0, 0, Treated Water*Fractional
Domestic Water Supply Rate{L/year}

Industrial/Commercial Water Supply Rate =

IF THEN ELSE(Treated water<=0, 0, Treated Water*Fractional
Industrial/Commercial Water Supply Rate¢ {L/year}
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(69)
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Domestic Water Expel Rate =

IF THEN ELSE(Supplied Water to Domestic<=0, 0 , Supplied Water to (72

Domestic *Fractional Domestic Water Expel RatdL/year}

Industry/ Commercial Water Expel Rate =

IF THEN ELSE(Supplied Water to Industry/Commercial<=0, 0 , Suppliet

(73)

Water to Industry/Commercial *Fractional Industry/Commercial Water

Expel Raté {L/year}
Wastewater Treatment Rate =

IF THEN ELSE(Accumulated Wastewater<=0, 0 Sewage @pacity to (74)

Litres*"Sewage Treatment Capacity¥ractional Effectiveness of &vage

Treatment Capacity {L/year}
&OAACEGTTATIAXxADAOORAOCRET BDAIDT 1 (75
&OAACEGOBAARAAOROR ACRET DAIDT | (76)
&SOAAGEITITAGOADRAOPRIADAET DAYOAAO (77)
&OAAQETACBOOU A OAMDAIOPRIADAEDOPIUAAO (78)
& OAAGEITITAAGAORKOPRAAOAET DAYOAAO (79
&OAAQETAGBOOU A OAMEOMDDAA OAET DETOA A O (80)
I OACALAAAOCEBADRAODBIOB AOH ADOAEOU @)

ET DpO®T EWAAO

125



& OAA ORAARA OEBA x AR A O# AD OAEIWADI |

3Ax MGAMDABEDBOOAD DOD® %UAAO

5.5.1 Water Supply Treatment

From the urban water cycle as depicted in section 6.6, the water supply treatment capacity is represented
in this SFD Figure33). The water supply treatment is at the stage befistabution to users, where it

is under the jurisdiction of federal government. Two main stocks exist in this SFD namely the water
supply treatment capacity and the water supply treatment capacity under construction. Water supply
treatment capacity underonstruction thus represents the delay for this section due to the long
construction time. Based on the data available, the capacities are best measured in termi2@]units

The number of water supply treatment capacity would then affect the rate at which groundwater and
surface water is treated. The units for water Sugppacity are set to be measured in L/year, as
converted from the understanding of how water facilities are usually measured in, namely ML/day

[211].
7 Water Supply Treatment
Water Supply P A
Treatment Initiation Completion Time (year)
Time (year)

Water Supply Treatment
Initiation Rate (unit/year)

(unit)

Water Supply
Treatment Capacity
Under Construction

(unit)

Water Supf)ly Treatment
Completion Rate

/ = (unit/year) (unit }.‘ea{)\
Forecast of Water \_/
Supply Treatment Need

Water Supply

s

Treatment Capacity

(unit) Water Supply Treatment

Decommission Rate

Avg Lifespan of Water
Supply Treatment Plant

(year)

Equations:

Figure33: Water Supply and Services SFD

Water Supply Treatment Capacity Under Catruction =

7A030DBI0B AQ) AR OR AGRT 1

7A0A0DBIOB A O# 1Al B & AR

7A0A0DBIOB A OH AD DA EDADT OOO0 XM




Water Supply Treatment Capacity:

7A0A0DPBIOA AOH AN I ARADBIAT -
7A030DBIOCBACYE RAIOI | 2AaBdI

7A0A0DBIOA AO#H AD OB E{ONif}

7A0A0DBIOB AOQ) IAE OR AGRT 1
IF THEN ELSE(Forecast of Water Supply Treatment &<=( Water
Supply Treatment Capacity Under ConstructiontVater Supply (86)

Treatment Capacity), 0 , Forecast of Water Supply Treatment
Need/Water Supply Treatment Initiation Time) {unit/year}

7A0A0DBIOB A O4 AT B RBABIAIT
IF THEN ELSE(Water Supply Treatment Capacity Under
Construction<=0, 0 , Water Supply Treatment Capacity Under

(87)

Construction/Water Supply Treatment Completion Timé {unit/year}

7A030DBICBAOCS RAIO | E20MEET 1
IF THEN ELSE(Water Supply Treatment Capacity<=0, 0 , Water Supply (89)
Treatment Capacity/Avg Lifespan of Water Supply Treatment Plant

{unit/year}
7A0A0DBIOBAQG) AEOBADRET DPODAO (89
7A030DBIOBACH AT ® AGERET DPOAAO (90)
| OCE £ZATOEADAODRIOB A OO IAATOBT PODAO 91
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5.5.2 Water Sewage Treatment

The second treatment of watscle is in the wastewater treatment, as depicted hyrbian water cycle

in Figure31 and theSFD inFigure32 This SFD is similar to the water supply treatment in terms of
structure. However, the seg® treatment capacity in this case would only affect one rate i.e. the
wastewater treatment rate as depictdeigure34. As opposed to water supply treatment, water sewage

treatment capacity is measured in population equivéiEEx[212].

Sewage Treatment
Initiation Time (year) Sewage Ireatrpent Plant
Completion Time (year)
Sewage
Treatment Sewage Treatment
e - i . s
Sewage Treatment Cégi‘;ﬁyuggfr Sewage T.reatment Capacity (PE) Sewage Treatment
Initiation Rate (PE) Completion Rate Decog?}iig‘; Rate
(PE/year) -— U/year) \_/
/ Avg Lifespan of
Forecast of Water Sewage Treatment
Sex:;ge Tretami):n }\'eed Plant (year)
(PE)>
Figure34: Water Sewage SFD
Equations:
Sewage Treatment Capacity Under Construction
3 Ax MQRA A Q) TAE OR AGRIT 1
(92)
3 A x MQBA A O# TAIl @I 2 A BIB
3Ax MR AOCH ADODAEABOT OCOOAPEET 1
Sewage Treatment Capacity
3 A x MQRA A O# TAIT @1 R @BIAT
(93

3Ax MQOWMAAS DAT [ | B ABRBI
3 A x QB A OF AD OB E(O8)
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3 Ax MQRR A Q) TAE QR AGRIT 1
IF THEN ELSE(Forecast of Wat&ewagelreatment Need<=( Sewage
Treatment Capacity Under Construction {Sewagel reatment Capacity), (99

0, Forecast of WateGewagelreatment Need/Sewagelreatment

Initiation Time ) {PE/year}

3 Ax MQRA A O# TAll ®I 2 @BIAT
IF THEN ELSERewageTreatment Capacity Under Construction<=0, O , (95)

Sewagelreatment Capaity Under Construction/Sewagel reatment

Completion Time) {PE/year}

3Ax M@ AOS RATOI | E20EEA 1
IF THEN ELSEfewagélreatment Capacity<=0, 0 ,Sewagelreatment (96)
Capacity/Avg Lifespan ofSewageTreatment Planf) {PE/year}

3Ax MQRR A Q) IAE OB ADRET PODAO (97)
3Ax MQR AOH AT I AGERET PODAO (99
| OCE AATOEA ¥ MQRA A O0 IAATOBT DO AA (99)

5.5.3Water Economics

Whilst LCOE is well documented, thoroughly used, and practised in most energy capacity cost
projections, the equivalent cost calculation for the water sector is less well documented and information
on it is scarce. A few method of calculating theelisedcost of water exisf213,214] However, to

ease comparison with LCOE from sectt®f.2, the following equation to calculate unit cost of water

production is adapted:
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5.6 Energy Use in Water

Electricity Used per
Supply Water Treated
Yearly (kWh/year)

Electricity Used per
Supply Water Treated
(KWh/L)

Electricity Used per
/ Sewerage Water Treated
Yearly (kWh/year)

Electricity Used per
Sewerage Water Treated
(kWhL)

Total ElectricityUse per
Year for Water Sector

Figure38: Electricity for Water

Figure38 shows the relainships between electricity used and activity in the water sector. Electricity

used in water sector can be found in the stages of water supply treatment, distribution, as well as

wastewater treatment. In this case, the energy used in water distribitibedraabsorbed into water

supply treatment.

Equations:

Electricity Used per Supply Water Treated Yearly

" OT O1T A4 @BAO0LI RODBDOOAAAARARBADATD
%I A A CBOEABAEDD B IA DA OA AlwhAear}

Electricity Used per Sewage Water Treated Yearly
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7 AOOA 4ORMDE R D
%l A A CBOFEABEDAx AAQLOA OA AldNaKear)

Total Electricity Used per Year for Water Sector

Electricity Used per Supply Water Treted Yearly + Electricity Used per (126)
Sewage Water Treated Yearl{jkWh/year}

%l A A CCOEREDID BIADAOAAOEADDDE (127

%Il A A CBOEBEDNIx AMOAOAAOEA DDDE (128

5.7 Economic Indicators

5.7.1 GNI and Affordability of Population on Resources

Figure 39 shows the SFD for gross national income (GMENI is used to calculate the average per

capita incomewhere together with is corresponding breakdown, can be used to calculate per capita
affordability on each of the three resourd8sll is represented as stocks where its change (growth or
decline) is affected by a yearly fractional charigeportion of icome to spend on WEF bills is the
fraction of each peopledbs income that the peopl

energy, and food.
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O—————m GNI(MYR)
Change in GNI
(MYR/y) -

Fractional Change

in GNI (1/year)
Average per Capita
Proportion of Income to Income to Spend on MYIE/COH;/G - <Population
Spend on WEF Bills —— WEF per Person ( ppl/year) (ppl)>
(dmnl) (MYR/pplyear) Years (year)

Figure39: GNI SFD and Income to Spend on WEF Bills

Equations:
L} i )
o A A (129
#EATEGA AO ' . D {MYR}
#EATEGA )
5 (130
' . 3& OAAOEH ATEG A )MYR/year}
I OAOBRGBAPEDAT I A
(137
GNI/(Population*Years) {MYR/(ppl*year)}
Income to spend of WEF per Person =
T ¢ 7|
Proportion of Income to Spend on WEF BillsO A OBAGBA D EDAT |
&OAAGEHATEBGA ) ET DAYOAAO (133
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5.8 Conventional Agriculture

5.8.1 Land Use of Staple Food

Time to convert to
Rice Land (year)

<Rice Land
Requirement (ha)>

g

Land for Rice (ha)

Rice Land Convert
Ratio (dmnl)

Wheat Land
Requirement Gap
(ha)

<Wheat Land
Requirement (ha)>

)

Land for Wheat (ha)

Time to convert to
Wheat Land (year)

Available Arable
Land (ha)

i <Sugar Cane Land
/ Requirement (ha)>
Sugar Cane Land

Requirement Gap (ha)

Time to convert to
Sugar Cane Land (year)

Land for Sugar Cane

Sugar Cane
Preparation Rate

(ha'y) \
S Land Convert
ug:ll{ztio (dmnl)
Time to convert to

Livestock Feed Land  Livestock Feed Land
) Requirement Gap (ha)

(ha)

<Livestock Feed Land
Requirement (ha)>

Land for Livestock

Livestock Feed Land
Preparation Rate (ha'y)

Feed (ha)

Livestock Feed Land
Convert Ratio (dmnl)

Figure40: Land Use of Staple Food
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<Livestock Land
Titiie o convert s Requirement (ha):

Livestock Land (year) L estock Lard

Requirement Gap (ha)

Available Land for »_Land for Livestock
Livestock (ha) Livestock Land (ha)
Preparation Rate
(haly)

Figure41: Land for Livestock

Figure40 shows the SFD of land use for staple food. Four staple fooelgaice, wheat, livestock,
and sugar. Whilst rice and wheat are investigated directly based their own land usage, sugar and

livestock are calculated differently.

Seven stocks exi st in the SFD i . e. fmd vaanidl dolre rdarc
iland for wheat o, Al and for |l ivestock feedo, il a
landdo is a finite stock that represents the fer

prepared for staple fooda@wing. The rates at which lands are converted into land for staple food are
determined by their respective land requirement gaps. Land requirement are then calculated from the

population food demand as illustrated in secBdh?2.

Li kewi se,amnmdcavfaord albilvedt ocko i s the amount of | an
livestock are grown, there is also a need for livestock feed. As such, amount of homebred livestock,
together with desired SSL for livestock feed, do affect the amouiviestock land required iRigure

40.
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Equations:

I OAET! DAAKRR A
B3 4! 0&/% 49 0,% 10/0A DA QAGERD 1 (134
I OAE I OAIAKRA {ha

Land for STAPLE FOOD TYE =

341 0&/% 49 0, % 10/ DA DA QAGE 1 (139
, ATAR3OL ! 0& /% 49 0@ {ha

34! 0&/% 49 0,9\ 10/0A DA QAGHAI 1

STAPLE FOOD TYPE Land Requirement Gap/Time to convert to STAF (136)
FOOD TYPE Land {ha/yar}

34! 0& /% 49 0, %\ IR&quirement Gap =

STAPLE FOOD TYPE Land Requirementand for STAPLE FOOD (137
TYPE {ha}
341 0&/% ,$! .#%1 1 CAAJOGEET BDAHOT | (138

5.8.2 Staple Food Production

Figure42 shows the food production SFD for staple food. The main stock is the food storage while four
rates affect its change in level. The four rates are food production, food import, foadhptios and

food export. Food production is determined by the amount of land that is prepared to grow the food,
together with food yield (measured in kg/ha) and food production time. Food consumption rate is
assumed the same as food requirement per yedemcted in sectiofi2.2. Food export is determined

by multiplying a factor, namely the fractional export rate, by the total amount of food in storage. Food
import is required as effectively, Malaysia is not 100%-sefficient in any of the staple fdo

However,Figure42 only applies to rice, wheat, and livestock. An additional stage is needed for sugar,
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which is the processing from sugar cane into sugar, as depickéguire43. From the sugar carne
sugar production, there may be losses in terms of mass. As a result, the variable of sugar cane to sugar

ratio, which provides the ratio of mass equivalence from sugar cane to sugar, has been introduced.

The FOOD production variable from this sectioifl ine used later to calculate food links to energy and
water in sectiorb.11.

FOOD Production
<Land for Time (year)
200D (ha)> '
R & <FOOD Requirement
per Year (kg/year)>
FOOD Yield
(kg/ha)
FOOD FOOD
Production (k; Consumption
ke/y) FOOD Storage (kg) ption (kg/y)
=% - X
<FOOD Requirement FOOD Import FOOD Export
per Year (kg/year)> (kgly) \/(kg/)’)
FOOD Effective .
SSL (dmnl) FOOD Fractional
Export Rate (1/year)

Figure42: Food Production SFD

Equations:

&1 13201 OACA
&/ 1 BOT AGAGEI)SI pi @d/#1 1 606i POET T (139
&1 | BPDITAD& | 1 30T O Tk}

&/ 1 30T AGAOET 1

(140
FOOD Yield*Land for FOOD/FOOD Production Time {kg/year}

&/ 1)1 Pi=00
(147)
(1-FOOD Effective SSL)*FOOD Production {kg/year}
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&/ 1# 1 001 OET 1

FOOD TYPE Land Requirement Gap {kg/year}

&1 | BZPEOO

FOOD Fractional Export Rate*FOOD Storage {kg/year}

FOOD Effective SSL =

FOOD Production / Food Requirement per Yeanfdi}

&/ I BSEAT BT DOTE A

m
©
(@
>
>\
O

&/ 1 30T AGABER

&1 | SOAAORIHPAOAET DETOAAO

(142

(143

(144

(149

(146

(147)

oy Sugar Cane to Sugar
Ratio (dmnl)

Sugar Cane Production
Time (year)

Sugar Cane Process

<Land for Sugar :
(ha) Time (year)

Cane to Sugar Mass
Loss Rate (kg/y)

Sugar Cane Yield

(kg/ha)

@ #
Sugar Cane Sugar Production
Production (kg/y)
Sugar Cane Storage (kg)

ion (ke/y) (kg/y)
Sugar Storage (kg, (o
Sugar Import Rate
(keg/y)
Q&

Sugar Storage (kg)

Sugar Consumption
Rate (kg/y)

Sugar Export Rate

Sugar Cane |
Effective SSL (dmnl)

Sugaft-Cane \

Import (kg/y) Sugaf-Cane
\H'Export (kely)
Sugar Cane | Frac'ﬂonal Sugar | Effective
Export Rate (1/year) SSL (dmnl)

\\_/ (ke/y)

Sugar | Fractional
Export Rate (1/year)

Figure43: Sugar Production SFD

Equations:
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3 OCcHAIBOT OACA

3 OCcHAI0OT ACABEBCANN)A DI QO CA®I AOA

30CHANIYDT ®@ATOR OC-ADQG @@ OO0
3 OCHAKIBAOT OQ ki

3 OGHAIOOT AGAODET 1
Sugar Cane Yield*Land for Sugar Cane/Sugar GRroeluction Time
{kglyear}

30CcHAONA PI=00

(1-Sugar Cane Effective SSL)*Sugar Cane Production {kg/year}
30CA®@ AOAOET 1

IF THEN ELSE O CHANIZAO T &A0QDA((1/Sugar Cane to Sugr

Ratio)*Sugar Cane Storage/Sugar Cane Process Tinfla)/year}

Cane to Sugar Mass Loss Rate =

(1-(1/Sugar Cane to Sugar Ratio))3 O COA@I A O fkghedr}i

30CHARIYIPEOD

Ol (148

(149

(150

(15D

(152

IF THEN EISE@ O CHAIZAD T @#0A(3 O CHALIFActional Export (153

Rate*3 O C#AAIStbrage {kg/year}

3 O CHANIEffective SSL =

3 O cHADIPRoduction B O CHAKIRAquirement per Year {dmnl}

SQA0 1 001 pABRIOCANNOE OB AIBA AU AA O
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Sugar Export Rate =

IF THEN ELSEY O CAA@I ®&A0QDA(Sugar | Fractional Export

Rate*Sugar Storage)) {kg/year}
30CcHANIOKT AET DBIEA

3 OcA\I0OT ACABERET POAAO

3 OCHANIRDAA ORGEH PAOAET DANOAAO

5.8.3 Desired SeHlSufficiency Level (S5L) and Land Expansion of Staple Food

RécseLl mle)d Livestock | Desired
SSL (dmnl)
“Rice Yield Rice Land
(kg/ha) Requirement (ha)

(kg/ha)=

= Livestock Land

<Livestock Yield " Requirement (ha)

<Rice Requirement per Livestock Requirement
Yearin 5 's (kgfyear)= per Year in 5 years
(kgly

Time (year)>

Livestock Feed |
Desired SSL (dmnl)

Wheat | Desired
SSL (dmnl)

<Wheat Yield

<Livestock
Production Time

(year)=

Livestock Feed Land
Requirement (ha)

ro/ha -, WheatLand

(kg/ha)> Requirement (ha) Livestock Feed

<Wheat Requirement / Livestock Feed per__—» Requirement
per Year in 5 years Livestock (kg/kg) (kg/year)

(kg/year)=

5

<Wheat Production
Time (year)>

“Livestock
Production (kg/y)-

Sugar | Desired
SSL (dmnl) —

_'_/_,—'—"'_’

Sugar Cane Requirement
per Year in 5 Years

(kg/year)

/

Requirement

ivestock Feed

Production Time

(year)>

Sugar Cane Land

(ha)

Figure44: From Desired SSL to Land Requirement

144

(156

(157

(158

(159



Self-sufficiency level (SSL) for the food sector is a measure of total production of food by the country
as a proportion of total requiremefior the country for any selected food type. Whilst sec6@i2
illustrated the effective SSL for any given time, this section illustrated the desired SSL where we hope
to achieve. As such, desired SSL would be treated as an input into the model whepe weachieve

how much of SSL and subsequently calculate the amount of land that is required to be expanded to
grow more food. Apart from SSL, other important variables to determine the amount of land required
to achieve the de srespectie y®lH, requarement iea & gehrs, &nd pradacton
time. Since different food types would have their own separate SSL, it is thus necessary to have SSL

values for different food types.

Equations:

FOOD Land Requirement =

FOOD | Desired SSL*FOOD i¥ld*FOOD Production Time/FOOD (160

Requirement in 5 Years {ha}

&/ |  AOEBAAET DAL | (161)

For sugar, an additional process step is required as before sugar is obtained, its sugiagaropne,
has to be grown first before being processed into sugar. Considering the staple food of interest is sugar
while its raw material is sugar cane, sugar cane land requirement is determined from the desired SSL

of sugar. Thus, their computationg @iven by:

Sugar Cane Land Requirement =

Sugar Cane Requirement per Year in 5 Ye&wsgar Cane Production Tirh (162
Sugar Cane Yiel¢éha}

Sugar Cane Requirement per Year in 5 Years

Sugar | Desired SSISugar Requirememer Year in 5 yeatSugar Cane to (163
Sugar Ratidkg/year}
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5.9 NonFood Agriculture

5.9.1 Land Usage

<PO Land

Requirement (ha)=

PO Land Requirement
Gap (ha)

e W Tand Prepared for PO (ha) . Sy
PO Land Preparation PO Land Discard
Rate (ha/y) Rate (haly)
Land K PO Land Reduction
PO Land Preparation Rex Time (year)
Time (year) Rubber Land - :
. Requirement Gap (ha)
Available Land for
Non-Food Crops (ha)
Land Prepared for Rubber (ha) 5 iy
Rubber Land Rubber Land
Preparation Rate (ha'y) Discard Rate (ha'y)
Rubber Land Rubber Land
Preparation Time Reduction Time (year)

(year)

Figure45: Nonfood Land Use

Non-food agriculture, namely palm oil and rubber, contributésaar ge part of Mal aysi
share. Similar to conventional staple food, 4iond agriculture uses large amounts of land, and thus

uses water and energy as well. As such, the SFD, as illustrateidure 45, shows the lath use

dynamics for the nofood agriculture. However, as opposed to staple food, the difference-fioodn

SFD is that desired SSL and effective SSL are not present because they do not address food security.
This is because palm oil and rubber are mogtlywn for economic purposes. As such, it is also
important to consider the production and exports of palm oil rubber, as would be discussed in section

5.9.2, which become users of water and energy, as well as provider of national revenue.
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Equations:

' AEl AATAA. O &1 1#01 PO
B. /.Z&/$490%I0/0ADAQADEDIT (169
I OAE|, AMAAD &1 #0171 6 Ghg

Land Prepared for NOIROOD TYPE =

&1 $490%I0/0ADAQAGE 1 (169
, ATOOA D AED.DAZ /I $4 9 0@ {ha

&1 $490%I000ADA QMBI T

IF THEN ELSE( OAE |, AMAAG B 1 1#01 €00, (166
BRI $490,%N2RANEOAT APO/ &/ | 69 % AT0VDOADAGLD )
) {halyeat

NON& / / 49 0, %\ TR&quirement Gap =

NON-FOOD TYPE Land Requirement.and Prepared for NOIROOD (167)
TYPE {ha}

. &1 1890,%100ADPA@AEDRAIET DODAO (168

5.9.2 NonFood Crops Production

Non-food crops in Malaysia mainly consists of palm oil and rubber. For palm oil, the primary products
are crude palm oil (CPO). Not onlpels growing palm oil require large amount of water, but processing
fresh fruit branches (FFB) into CPO also requires large amount of water and energy (F1). Rubber
industry has also started since the British colonization days in Malaysia. Similar to palrol@r also

uses large amount of land, and thus large amount of water and d¥igugg46 shows the SFD for the

production of noffood crops namely PO and rubber.
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Pa]?k:/il]:){xeld Palm Oil Requirement
per Year (kg/y)
<Land Prepared for
PO (ha)
PO Production /_\ i 2y
Time (year) Palm Oil Products Local
Usage Rate (kg/y)
(4S9, N3 [ Palm Oil Products (kg)
PO Products
Production Rate (kg/y) -0
Palm Oil Products
Upon Rate (kg/y) ;
Palm Oil Export
Portion (1/year)
. Rubber Requirement
Rubber Yield
T Year ear
(kg/ha) per (kg/year)
<Land Prepared for /\
Rubber (ha)> A v > - )
Rubber Products Local
Usage Rate
Rubber Production # &ey)
4 Rubber Products (kg)
Time (year)
Rubber Products
Production Rate -
(kgfy) = —
Rubber Products
\_jp'o:t Rate (kg/y)
Rubber Export
Portion (1/year)

Figure46: Non-Food Products

Equdions:

NON-FOOD TYPE Products =

. IN-FI | 490001 AOQAGAIATAOA (169
IN-F/ | DOT AGBBOOAGDHONONOODI 00T A @A O
{ha}

NON-OOD9 0k A1 AT10/0 A b AEDMIAN- O OD (170
NONOOD TYPE Pr ofdglyeat}i on Ti me

NON-OODOI AODABAIATARGA (171
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Whilst the staple food section considers the main diet of Malaysians, Malaysia has more than 6 million
hectares of marginal land that can be used to cultivate and farmutiided crops (F2). Example of
unde-utilised crops are such as moringa oleifera and bombara groundnuts (F1). Moringa oleifera and
bombara groundnuts have nutritional values that are equal or at least better than that of typical staple
food listed in previous subsections. As such, the dycgof these undeutilized crops are included in

the study, where their respective usage of land, water, and energy are also considered.
Equations:
I OAE ADICERAR
- AOCEANIOAPAGOOEIOAE I ADICK A AG (176)

{ha}

00APAGOEERARR

177
-AOCERPIOADA GIOOEDAD ABDL ERRGR {hag
- AOCERFIOADPAGAOET 1
IF THEN ELSE( OAE I- ADICA Rk, 0 (178
1 OAEL ABCEIAAIAA OCEROIOA b A @AG Eha/ear)
- AOCERPIOADPA@AGEE T AET PORAO (179

5.10.2 Marginal Crops Production

Figure shows the SFD for marginal crops prdituc Similar to the conventional staple food crops and
nonfood crops, knowing amount of land required from sechidf.1 allows for calculation for yearly
production of undeutilized crops via variables of land efficiency and production time. Substguen
yearly production rate would be used to calculate yearly use of water and energy for marginal crop. On

top of that, nutrients obtained per kg marginal crop can also be computed.
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TYPE | Land TYPE | Production

Efficiency (kg/ha) Time (year)
TYPE | Consumption
o _ Portion (1/year)
): = u xZ
DI NS -0
TYPE | Yearly , TYPE | Yearly
Production Rate (kg/y) TYPE Storage (kg) Consumption Rate
(kgfy)
v TYPE | Export

pay )
TYPE | Yearly Portion (1/year)
Export Rate (kg/y)

Figure48: Marginal Crop Production

Equatiors:

490301 OACA
(180
- AOCERARIOA DA GOOET G301 OG\ Cki}

TYPE | Yearly Production Rate =

Prepared Marginal Land*TYPE | Land Efficiency / TYPE | Production T (181)
{kglyear}

49 0s%AO0# 0T 001 pAEAT
IF THEN ELSE{ 9 03901 @#0(0A4 9 0sthi T OO1 @ DBBET 1 (189
490801 Qkdrydar}

49 0s%AABBDRAGA
IF THEN ELSE{ 9 03901 Q#0A4 9 0s% @D D OOGET 1 (183
4905301 OQkarydar}

490s%1 1001 PDEBOET 1
S (184
p 490s%BPDOOOMURAAOD
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49 0s%ZPD0ODODOOEET DAMOAAO

490501 AOABERET PODAO

49 0sATWEAE AERT AOTE A

5.11 Resource Use in Agriculture

5.11.1 Energy Use in Agriculture

(189

(186

(187)

Figure49 shows an important foednergy link.Energy use from agulture can be divided into two:

electricity used per year and fuel used per y&hey are calculated by taking the food production

estimated from sectiof.8.2 and multiplying with unit use of energy for each respective food type.

Similar to staple fod, Figure50andFigure51 shows energy use for ndood crops and marginal crops

respectively. Likewise, energy use in these subsections of agriculture are also calculated by considering

per unit use oénergy and yearly production in mass kg.
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Sugar | Electricity Used __p»- .l Energy __s-per Year (ktoe/year
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<Live d
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Livestock Feed | Electricey
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[Used per kg Production )
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o

Figure49: Energy Use in Agriculture
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Equations:
3 0A®I %1 A A CBOFEAEIDAA O
&1 1 89 0s%l A A CGOEAKEIONA O (189
{kWhlyear}
30A®I KAOADDRLAAO
&/ 1 89 0s& O DI OAILA A O (189
{ktoelyear}
&I 1 49 0s%l A A CROEAEIDAA O

&/ 1890001 AOAOET 1 (190
&1 1 %9 0s%i A A CBOEBEDWOT A6 Kkivhiyear}

&1 | 89 0s&%O B0 MORADAAO

FOOD4 9 0090 | A OAIE/ 49 0s% O & 1O DARDQ O1 AOA O (19)

{ktoelyear}
49 0s%I1 AAOCOEREDWOT AOCACHIHBDEE C (192
49 0s®%0OB10DPRDO O AOAGHTHBOIEAC (193
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“T—aPO | Other Energy

T
PO | Electricity Used i Used per Year
PO | Electricity Used v per Year (kWh/year) PO | Other Energy Used — (ktoe/year) ‘
per kg Production B per kg Production T
(kWh/kg) o g - g (ktoe/kg) Non-Food | Other
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Figure50: Energy Use in Nofirood Crop

Equations:

Non-Food | Electricity Used Per Year =

4 9%s%I| A A CoOGHBMEDA W O (194

{kWhlyear}

Non-Food | Other Energy Used Per Year =
4 9 039 O EAIOA G QDA A O (195
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NON-FOOD4 9 0s%i A A CeOGBMREDA & O
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Figure51: Energy Use in Marginal Crop

Equations:

AOCEDRB®BI A A CGOEAEIDAA O
-1 2" ) 49 0s%I AA CDEFAKEIGAA O

{kWh/year}

- AOCEDEPOERIOA GOUDALAAO

-1 2" ) 4D 0st O ERIOA OOBADA A O
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MARGINAL TYPE | Electricity Used per Year =
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2' ) 4D 0%l A A CDEAED E O AOAOEl |
z-12' )40 0WAAODUACAABRNIRU

MARGINAL TYPE | Other Energy Used per Year =

- ") 49 0% OERIOA BOUWDARD € Oi AOAOEIT 1 (203
212" )40 0WAAODUAOA ABERGIVA

2') 49 0s%1 AAOCDERED EOI ACACHIEHDDE C (209

-1 2" ) 49 0stOERIOCA OOWAD & 01T AOACHTHDOIEA (2095

5.11.2 Water Use in Agriculture

As opposed to energy use in agriculture that is divided into electricity and fuel used, water use in
producing staple food is mainly from water withdrawal oRigure52 shows the relationshipof water

use in producing staple food in a year. The water use for each staple food, namely rice, wheat, sugar,
and livestock, is calculated by multiplying unit withdrawal per kg production by its corresponding
yearly food production. The concept of watese calculation is also repeated in 1ioad crops and

marginal crops, as depictedkigure53 andFigure54.
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Equations:

<Rice Production

(ke/v)> Rice | Water
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Figure52: Water Use in Staple Food
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Figure53: Water Use in Notirood Crop

Equations:

I ® T &% ACABOE A ®ARDAR O
49 0s%0A ORABOE A ®ASOA A O
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B B9 0sHAORABOEA DALDARAO
4900001 AOADEGHA OADOE A ®ADDIOT AOAOGET (210
{Llyear}

LB T %9 0sTAOADOE A DADSIOT AGAGHIHIDC (219)
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Figure54: Water Use in Marginal Crop

Equations:
- AOCEDEKEPAOABDOEA ®ALARA O
49 0sA OADOE A ®ADA K O (212
{Llyear}

MARGINAL TYPE | Water Withdrawal per Year =

49 0sA0ORADOEA ®DRODAREOTI ACGAOCET 1 213
z-12') 4D 0sAAODUAOCRAABARIT
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5.12 Nutrition Security
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per kg (kealkg)
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Figure 55: Nutrition Security From Food

Figure 55 shows the structure for calculating nutrition as obtained from staple foods and marginal crops.

Three major nutrients are used to represent the nutritionityeziuiood sector within the WEF security

nexus, namely energy, protein, and fat respectively. The nutrition security calculation is used to

determine how much nutrient the country can produce because of local food production. The calculation

is performedby considering how much nutrients each of the food types contains together with yearly

local production in kg/year, as calculated from seci@® and5.102.

160



Equations:
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5.13 Food Economics

5.13.1 Staple Food Import Cost
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g Import (USDAg) —w [ o | Tmport Livestock | Import

Cost per Year (USD/y) - CO(S\EE%_E__; o
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Livestock Feed | Price
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—a
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Figure56: Staple Food Import Costs

Figure 56 shows the import cost of staple food. Import of food is necessary for Malaysia because
Ma | a ySSL s dog at 100 %. Considering that import involves international trade, the strength of

the ringgit, represented by the USD/MYR exchange rate variable, is thus included here.

Equations:

Staple Food | Import Cost per Year = (221
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5.13.2 NonFood Crop Export Revenue

On the other hand, as némod crops were grown mainly for its economic value, the export revenues

(224

of nonfood crop products are studied, as structurdeignire57. Similarly, USD/MYR exchange rate

plays a role in detenining the total export revenue for nréwod crop industry.

PO Price
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/rper Year (USD/year)H PO EXpOIT ReVeHue
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USD/year
( year) (MYR/year)
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Export Rate (kg/y)> <USD/MYR
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Non-Food | Total Export
Revenue per Year
(MYR/year)

Figure57: Non-Food Crop Export Revenue
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Equations:

Non-Food | Total Exports Revenue per Year =

LB 890D AOADABAAO (225

{MYR/Year}

LB 8900 DRAOADABAAO

NON-FOOD TYPE Export Revenue per Year*USD/MYR Exchange Rat (226)
{MYR/year}

NON-FOOD TYPE Export Revenue per Year =

NON-FOOD TYPE Price*NONFOOD TYPE Poducts Export Rate (227)
{USDl/year}
. &1 1 B900HOEART PODE C (229

5.14 Emissions Indicators

5.14.1 Energy Emissions

Figure58 shows the Cee emissions for each energy type whiigure59 shows theotal emissions
for energy sector. C£ emissions for each energy type is calculated by considering the emissions per
unit electricity production and the total production of electricity for each type. Consequently, the

summation of C@ emissions is shown Figure59.
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Figure58: COze Emissions for Energy Types
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Figure59: Energy Emissions
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Equations:

ENERGY TYPE | C@e emissions per year =

ENERGY TYPE | C@e Emissions per kWProduction*ENERGY TYPE (229
Power produced yearly {kT/year}

Non-RE | CQe Emissions per Year =

I OAOLEAROD AOA GE IO&RT 2 % 9 0 %

(230
2, [.2 % 90s%/ ¢l EOGEAGI @®AOAOE
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I OA OLECAOD BOA GE I0IOBM 9 0 %
(231)

22 % 9 0s%/ YN EOCGEAQ @®AOAOQEIT 1
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Energy Total | CO2e Emission per Year =

Non-RE | CO2e Emissions per Year + RE | CO2e Emissions per Year (232
{kTlyear}

5.14.2 Water Emissions

Figure 60 shows the Ce emissions from the water supply & services sector and the sewage
(wastewder) sector. Cge emissions for water supply & services sector is calculated by considering
emissions from both unit treatment of groundwater and surface water while wastewater emissions

considers unit treatment of wastewater as expelled by the end users.
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Figure60: Water Sector Emissions

Equations:
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5.14.3 Food Emissions
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Figure61: Food Sector Emissions

Figure 61 shows the Cee emissions for food sector, stemming from threesadbors of agriculture

namely staple food, neimod, and marginal crop. Similar to energy and water emissions structures,

total emissions from food sector is the sum ofsetbral emissions whilst suectoral emissions are

calculated from summation of emissions derived from emissions of unit food production.

Equations:

Total CO2e Emissions from Agriculture Yearly =

Staple Food Total | CO2e Emissions per Year +-Rood Toal | CO2e (236)

Emissions per Year + MC Total | CO2e Emissions per Year {kT/year}

Staple Food Total | CO2e Emissions per Year = (237
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5.14.4 WEF Total Emissions
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Figure62 WEF Security Nexus Emissions

Using sectoral emissions from water, energy, and food, the total WEF security nexei®@idsions

can be computed by taking the sum of emissions from all three sectors, as depkitpadi2.

Equations:

WEF Total | CO2e Emissions per Year =

Energy Total | CO2e Emissions per Year + Water Total | CO2e Emissic (243
per Year + Food Total | CO2e Emissions per Year {kT/year}
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5.15 Base Casé€S0)Validation

Table 12 shows variables that have been validated with historical data, alongside their corresponding
fit to data assessmentsr otherwise known as behaviour reproduction wfstither mean absolute
percentage error (MAPE), mean aehge error as a percent of mean (MAE/Mean) percentage
difference[164].

This validation, as discussed in sectio6.3. is by no means an assertion of correctness of the results
obtain, but instead a procedure to increase the confidence of the constructed model soathat actu
simulation can proceed. The graphs of validation are attactggpendix 1. For variable tests which

used MAPE, the error ranges from a minimum 0.39&xhibited by installed dam capacity, a
maximum of 14.0 %exhibited ly diesel installed capacitfFor MAE/Mean, oil installed capacity and

land for sugar shows error of 0.33 and 1.19 respectively. The errors seen in diesel installed capacity and
land for sugar are because of the large fluctuations in their real data, @&redrno a smooth curve as
simulated by the model. Foil installed capacity, the large error is due to Malaysia moving away and
stop using oil as a fuel for generation, largely because of the 1970s oil embargo (&4 fB2je were

not much data that atd be found on import cost for staple food, a single point data was used from

interview with key stakeholder, which resulted in a 5 % prediction error.

Table12: Validation Table

Variables MAPE (%) MAE/Mean  Percentage Validation
Difference(%) Data Source

Population 5.6 - - [216]
Population in 5 Years 6.2 - - [216]
Hydro Installed capacity 7.9 - - [185,217]
Gaslnstalled capacity 6.1 - - [185,217]
Coalinstalled capacity 3.9 - - [185,217]
Oil Installed capacity - 1.19 - [185,217]
Dieselinstalled capacity 14.0 - - [185,217]
Installed Dam Capacity 0.39 - - [210]
Land for Rice 12.3 - - [218]
Land for Sugar - 0.33 - [218]
Total Internal Renewable Water 1.2 - - [210]
Resources

Staple Food | Import Cost per Year - - 5.0 (F1)
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5.16 Chapter Summary

This chapter presented the SFidsdemonstratehe relationships in the WEF securitgexus of
Malaysia, constructed based upon high level understandiivgddérom the CLDslescribedn chapter

4. Whilst some CLD relationships were more obvious in SFDs, such as the population and capacities
generation SFDs, some conversions were leseobysuch as water demand management where the
changes in water demand are controlled via altering values of water requirement per capita. On top of
that, some relationships were not converted, such as increase of profitability of water supply and sewage
systems leading to reductiofhigovernment subsidies in water secfdris is becaussuch relationships

can be understood from the dynamic®thfer relevant parts, namaiyit cost of water production and

water tarifffor this caseas well as from quadiitive discussion of their simulation results. However, it

is necessary to emphasize again on the importance and necessity of including such representations in
the CLD, as was dissgsed and introduced in chaptetécause of the need to establish the higél

and qualitative understanding of these paimreover, the nomumerical nature of certain parts of

CLD increases the difficulty of conversion into SFD. However, wherever conversion into SFD is
possible, conversion has been conducted, accompayitndib equations, justification, and rationale,
described and discsied as thoroughly as possible. Validation of SFD have thus been conducted and
explained in section 5.1&rrors were as low as 0.39 % (for installed dam capacity) and as high as 1.19
(for installed oil capacity). This high error is due to the total phasing out of oil capacity, where potential
for errors increases for values that passes through zero. However, SD study is concerned primarily with
the behaviour of the key indicators, and lessphasis should be place on numerical accuracy. As

Stermar164] puts it, a model is good enough when it is fit for purpose.
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Table 13, Table14, andTable 15 provide the list of relevant constanf&ble 16 provides the list of

scenario wlues and’able17 provides the list of key indicators.

Table13: LCOE by Type

Type LCOE (MYR/kWh) Source
Marine 1.80 [220]
Bio+others 0.52 [220]
Wind 0.80 [220]
Solar 0.52 [220]
Hydro 0.24 [220]
Gas 0.26 [220]
Coal 0.28 [220]
0]] 0.48 [221]
Diesel 1.59 [221]
Nuclear 0.36 [220]
Table14: COze Emissions by Type

Type CQe (kT/kWh) Source
Marine 0 -
Bio+others 450 x 16 [222]
Wind 2.60x 108 [222]
Solar 8.50x 108 [222]
Hydro 2.60x 108 [222]
Gas 4.99x 10’ [222]
Coal 8.88x 107 [222]
oll 7.33x 107 [222]
Diesel 7.33x 107 [222]
Nuclear 2.90x 108 [222]
Table15: Water Withdrawal by Type

Type Water Withdrawal (L/kWh) Source
Marine 0
Bio+others 142.5 [41]
wind 0 [41]
Solar 4 [41]
Hydro 70 [41]
Gas 142.5 [41]
Coal 142.5 [41]
Qil 142.5 [41]
Diesel 1425 [41]
Nuclear 174.6 [41]
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Water use per year from electricity generation are giveffrigyre 65 (withdrawal) andFigure 66
(consumption). The water withdrawal of electricity generation is a yearly valulstvihé water
consumption is the total water consumed up until 2050. It can be seen that water consumption of
electricity generation is a very small amount as compared to its water withdrawal because the total water
consumed up until 2050 is the same g®ar of total water withdrawaby comparing-igure65 and
Figure66. By continuing the current energy policy plans (S1A), Malaysia would reach 25 TL of water
withdrawal per year due to electricity gerteva. Moderate RE penetration scenarios (S1B and S1C)
would have a slower rate of increase in water withdrawal to about 21 TL/year by 2050. On the contrary,
an aggressive RE scenario (S1D) shows the slowest increase in water withdrawal for electricity
geneation, reaching only 17 TL/year. Water consumption of electricity generation follows the
decreasing order of S1A, S1B, S1C, and S1D, from about 26 TL to 19 TL.

Figure 67 shows water withdrawn per unit of electricity produced sueed in L/kWh. If Malaysia
proceeds with the current energy scenario (S1A), the water withdrawal per unit of electricity produced
would increase from about 127 L/kWh to 140 L/kWh. By having a moderate level of RE penetration,
i.e. 20 %, water withdrawalep electricity produced can be reduced from 127 L/kWh to about 123
L/kWh as shown by scenarios S1B and S1C. On the extreme side, a 50 % RE penetration will result in

102 L/kwWh water withdrawal per electricity produced in 2050.

From this set of resultst is thus a balance between environment control and -sgccioomy
considerations. It is without a doubt that some level of RE penetration must be present for Malaysia
becausé&igure67 shows that water withdrawal per electricitpguced will only increase if no changes

are made to the current energy situation whilst all other levels of RE penetratibd ¢2pwill result

in a reduced water withdrawal per electricity produced. However, going to aggressive (50 %) may not

favour thesociceconomy side of things, as the LCOE will be almost double of the other scenarios.
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Figure63: S1- LCOE
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Figure64: S1- Energy Total | C@ Emissions per Year
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Figure65: S1- Total Water Withdrawn Yerly due to Electricity Generation
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Figure66: S1- Total Water Consumed due to Electricity Generation
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Water Withdrawn per Electricity Produced (L/kWh)
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Figure67: S1- Water Withdrawn per Electricity Produced
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6.2.2 Energy (With Nuclear)

Malaysia, being a member state lotegrated Nuclear Infrastructure Review MissidisIR) and

recently initiated an infrastructure review led by International Atomic Energy Agency (IfE2R8]),

always has adojan of nuclear energy in the horizgd24]. Despite the challengdg25], such as
uncertainty of ASEAN countries in adopting nuclear energy due to uncertainty of dealing with
radioactive wastes as well as the economic competitiveness of nuclear energy, and the postponement of
deployment planf226], it is necessary, important, and interesting to consider the impacts of nuclear

energy penetration upon the WEF security némudalaysia.

This scenario considers the four ssdenarios, two of which without nuclear penetration (S2A, S2B)

and two with nuclear penetration (S2C, S2D). This is to include and look into the dynamics of expansion

of conventional energy without aggsase RE penetration, as described by stakeholders (E1, E2) as the
norm for Malaysia. As such, fidesired-sceBrioplenetr at
S2B, an equal amount of weightage has been given to gas, coal, oil, and diesel. Hovg2@rand

S2D, oil and diesel have been excluded entirely, as pointed out by the stakeholders that there are no
plans to further expand them. Nuclear penetration has been set to 10% and 20% in S2C and S2D
respectively, with corresponding equal weightaggas and coal adjustmen&imilar to the energy

scenario in S1, important variables to look at are LCOE, total emissions per year, and total water
withdrawn yearly due to electricity generatidrable18 provides the list of smnario values andlable

19 provides the list of key indicators.

Tablel8: Scenario S2

Scenario: Energy Scenar&onventional A B C D

and Nuclear (S2)

Variable Values Units
Desired RE Penetration 0.05 0.05 0.05 0.05 dmnl
Resulting Desired NeRE Penetration 0.95 0.95 0.95 0.95 dmnl
Nuclear | NoRRE Share 0 0 0.1 0.2 dmnl
Gas | NonRE Share 0.45 0.25 0.45 0.4 dmnl
Coal | NonRE Share 045 0.25 0.45 0.4 dmnl
Oil | Non-RE Share 0 0.25 0 0 dmnl
Diesel | NonRE Share 0.1 0.25 0 0 dmnl
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Table19: Key Indicators for S2

Key Indicators Units
LCOE MYR/kKWh
Energy Total | Cé Emissions per Year kTlyear
Total Water Withdrawn Yearly due to Electricity Generation L/year
Total Water Consumed due to Electricity Generation L/year

Results and Discussion:

Maintaining RE penetration at 5 % without any nuclear power would increase LCOE to RM 0.35/kWh
(S2A) and RM 0.53/kWh (S2B) respectively. S2B is significantly higher becausé dassa high

LCOE. On the other hand, LCOE would be maintain at RM 0.27/kWh if there is nuclear penetration,
as depicted by S2C (10 %) and S2D (20 %). This is consistent with the fact that nuclear energy is

considerably cheaper as compared to other engpgg.

For CQe emissions per year, the projected values are roughly equal for all foscendrios at
112000114000 KTCGelyear. With nuclear adoption added to the mix of fossil fuel energies, without
the expansion of RE as shown in S1, theseeGg€nssions are naturally higher. Albeit having very
similar values of Cge emissions, it is noticeable that with the addition of nuclear energy, totael CO

emissions per year will be slightly reduced.

Water withdrawal and consumption per year for all fous-stenarios are 24 TlL/year, and 24 TL
respectively. These values are higher than when there are some RE penetration, which was in the range
of 17- 21 TLl/year, as illustrated in the previous subsection. The water withdrawn per unit of electricity
producedshows a similar growth rate across all four-sabnarios until about 2045 where they stabilize

at about 139 L/kWh. It is indeed natural that a mixture of fossil fuel energy and nuclear would have a
higher value of water withdrawn per unit of electricityogluction as compared to a mixture with

considerable RE penetration, which is observed to be in the region ofl202_/kWh.

Considering the LCOE, C® emissions, and water use in energy production, nuclear energy can be
recommended to be adopted inke tMalaysian setting. However, beyond these key indicators, the
feasibility of nuclear energy adoption in Malaysia must further be analysed with other factors, especially
social acceptance and public perception. As pointed out by Misnon[227lwhilst the public may
generally agree on the adoption of nuclear energy, few are well verse with the benefits oEnectpar

Also, risks of nuclear power accidents, such as those experienced by Fukushima, Japaf2282011
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adds upon the complications of nuclear power adoption. On top of that, there are strong links between
nuclear energy and nuclear pof229]. The possibility of nuclear weapon development, which might
provoke wars, has to be welbntrolled should nuclear energy be adopted. Consequthlgption of
deregulating and liberalising of the energy market becomes more difficult if nuclear power comes into

play because it is necessary that a central authority keeps the said risks in check.
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Figure68: S2- LCOE
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Figure69: S2- Energy Total | C@ Emissions per Year
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Figure70: S2- Total Water Withdrawn Yearly due to Electricity Generation
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Figure71: S2- Total Water Consumed due to Higcity Generation
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Table20: Relevant Constants for S3

Relevant Constants

Average Effectiveness of Water Supply Treatment

Capacity

Fractional Effectiveness of Sewage Treatment Cap:

Operational ©st per L Supply Water Treated
Operational Cost per L Supply Watep§8lied
Capital Cosper Unit Water Supply Treatment
Operational Cdsper L Sewerage Water Treated
Capital Cost pddnit Water Sewerage Treatment

EnergyUsed per Supply Water Treated

EnergyUsed per Sewerage Water Treated

Groundwater | C@e Emission per L Treated
Surfacewater | CQe Emission per L Treated
Wastewater | C@e Emission per L Treated

Table21: Scenario S3

Scenario: Water Demand A
Management (S3)

Variable

Domestic | Effective Water 7.00x 10*
Supply Tariff

Industrial | Effective Water ~1.70 x 103
Supply Tariff

Water Consumption per 1.20x 10
Capita per Year

Table22: Key Indicators for S3

Key Indicators

Supply and Services | Unit Cost of Protilon

Sewage | Unit Cost of Production

Value
0.85

0.85
3.00x 10*
3.00 x 10*

0.01
6.00x 10*
1.00x 10°
5.86x 10*
6.34x 10*
2.90x 10
2.90x 10
4.10x 10'°

Values

1.40 x 10°
3.40 x 10°

1.20x 1C¢

Total Electricity Use per Year for Water Secto

Water Supply Sector Revenue per Year
Yearly Cost of Water Supply & Services
Yearly Cost of Water Sewage Treatment
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7.00x 10*
1.70x 10°

1.00x 10

Units
L/(unit*year)

dmnl
MYR/L
MYR/L
MYR/unit
MYR/L
MYR/PE
KWh/L
kwh/L
KT/L
KT/L
KT/L

1.40 x 10°
3.40 % 10°

1.00x 1G

Units
MYR/n?
MYR/m?3

kWh/year
MYR/year
MYR/year
MYR/year

Source
[211]

[211]
[120]
[120]
[120]
[120]
[120]
[230]
[230]
[230]
[230]
[230]

Units
MYR/L

MYR/L

L/(ppl*year)



Results and Discussion:

Figure73 shows the graph for unit cost of production for water supply and services as well as sewage.
Considering the available data on Malaysian water facilities, and reserve margin, Malayaizedo h
enough facilities to cater for the projected demand. As such, the number of water facilities is seen to
decrease through normal rate of retirement/decommission. However, as population rises again, new
facilities would need to be constructed at arou@@72 if water demand is left at 120000 L/(ppl/year),

and to be constructed at 2033 if demand is controlled to 100000 L/(ppl/year). Despite that, the unit cost
of production would stabilize towards 2050 at RM 1.80 for water supply and services, and Rt 0.50

sewage services.

Figure74 shows the graph of cost and revenue for the water services and supply sector. From the graph,
it can be seen that yearly cost for the sector remains above the revenue obtained from tariffuior all f
subscenarios. The hike in the yearly cost in 2027 and 2033 is due to new facilities being initiated where
fresh capital costs are incurred. New facilities are initiated when the number of water treatment facilities
can no longer meet the demand frdme users. As such, it can be deduced that the water supply and
services sector is not economically sustainable. On the other Fignde 75 shows the cost is below

the revenue for the water sewage sector.

Energy used per yeardin treating and distributing water is shownFigure 76. For all four sub
scenarios, the energy used is similar, increasing towards 12 B kWh/year for S3A and S3B, and 11 B
kWh/year for S3C and S3D. These values are roughly I@&bthe total power generation projection

of 175 B kWh/year at 2050. These values are accurate concerning surface water in Malaysia because
surface water forms the primary water source for Malaysia. Should Malaysia attempt to tap into
groundwater or adoptesalination, the numbers may increase significantly because processing these
type of water are more difficult as compared to surface wWagid]. Desalination and groundwater
tappirg are potential water supply alternatives with benefits of being unaffected by weather and sea
water are abundance. However, the drawbacks are technological difficulty as well as higher economical

and energy cost.

Figure77 shows the CQe emissions per year for water sector is in the order of 6300 kT/year for S3A
and S3B, and 5700 kT/year for S3C and S3D. This is about one order lower than that of the electricity
production sector. As such, it is safe to say that the water sgletgg minimal role in terms of

environmental degradation. However, one must consider the energy use of water processing and
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production, where electricity use translates into energy production and consequesetigrigsions.
The illusion of water sectomripact on the environment is thus enhanced if energy intensive water

producing technologies are utilised, such as the desalination of seawater and tapping of groundwater.
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Figure73: S3- Unit Cost of Production
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Figure74: S3- Water Supply and Services Cost and Revenue
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Figure75: S3- Sewage Cost and Revenue

190



Total Energy Use per Year for Water Sector (kWh/year)

20B
17B
&
Z
ﬁ: 14B
11B
8B
2015 2020 2025 2030 2035 2040 2045
Time (Year)
"Total Energy Use per Year for Water Sector (kWh'year)" : S3A —+ + + + 1 +
"Total Energy Use per Year for Water Sector (kWh'year)" : S3B
"Total Energy Use per Year for Water Sector (kWh'year)" : S3C 3
"Total Energy Use per Year for Water Sector (kWh'year)" : S3D # 4 4 4 4 4 4 4

Figure76: S3- Energy Use per Year for Water Sector
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6.2.4 Increasing SelSufficiency Levels (Food)

Food security has conventionally been addressed in an overly narrow fashion, which is to consider rice
onl vy, Mal aysiads main stapl e [5] veheat ahd-sligar. aredlso al s o
equally important. Effective SSL and desired SSL are also important as it measures the portion of self
produce food from the total food requirement of the country. Consequently, with knowledge of land
yield, the amounof land required to achieve each specific desired SSL can be calculated. From the
WEF security nexus point of view, the amount of food production would provide the amount of energy

and water needed to produce each food type.

Livestock has also been indied in the study as a source of protein. Cattle has been chosen to represent
livestock in the study as they utilise vast amount of land, water, energy, and livestock feed to breed.
Energy use has been divided into twelectricity and other energy usedeéricity is estimated to

cover 20% of the total energy use in each agriculture [B®2]. The SSL for livestock involves two
separate SSL naety the SSL for the livestock itself, and the SSL for its livestock feed.

This scenario examines fivaibscenarios. Considering that Malaysia is focused on rice when it comes

to addressing food security (F1), S4A is a simplified base case, where S&le fizr approximately

65% and the assumption that Malaysia do not produce other staple food products. S4B looks into
increasing slightly the SSL of other staple food SSL to 20%, while keeping livestock feed at 0% SSL.
S4C is the more aggressive scenagacampared to S4B, where Malaysia attempts to achieve 100%
SSL in rice production on top of increasing their own livestock feed SSL. S4D tunes the vatoes to
reasonable levels, wheriee SSL is set at 80%, and 20% of livestock SSL are consideredalSdD

acts as a reference point for S4E, where the USD/MYR exchange rate is raised from 4 to 4.5. This is

important because the majority of import food bills originates from importing livestock feed.

A variety of key indicators is important for this sésoenarios. They are land use for food, yearly food
production, import cost per year, and effective SSL. Of significance important to the WEF context, are
the variables water withdrawal per year, electricity used per year, fuel used per year, andssitaiem

per year.Table23 provide the list of relevant constantable 24 provides the list of scenario values

andTable25 provides the list of key indicators.
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Table23: Relevant Constants for S4

Relevant Constants

Rice | Water Withdrawal per kg Production
Wheat | Water Withdrawal per kg Production
Sugar Cane | Water Withdrawal per kg Production
Livestock | Water Withdrawal per kg Production
Livestock Feed | Water Withdrawpkr kg Production
Rice Yield

Wheat Yield

Livestock Yield

Livestock Feed Yield

Sugar Cane Yield

Rice | Electricity Used per kg Production

Wheat| Electricity Used per kg Production

Sugal Electricity Used per kg Production

Sugar CangElectricity Used per kg Production
LivestocH Electricity Used per kg Production
Livestock FeeflElectricity Used per kg Production
Rice |Other Energysed per kg Production
Wheat| Other Energysed per kg Production
Sugal Other EnergyJsed per kg Production
Sugar Cang Other Energysed per kg Production
Livestoc Other Energysed per kg Production

Livestock Feefl Other EnergyJsed per kg Production

Rice | C@e Emissions per kg Production
Wheat| CO.e Emissions per kg Production
Sugar CanpCOse Emissions per kg Production
Livestoc COe Emissions per kg Production
Livestock FeeflCO,e Emissions per kg Production
Rice | Price per kg Import

Wheat| Price per kg Import

Sugal Price per kg Import

Sugar CangPrice per kg Import

LivestocH Price per kg Import

Livestock FeeflPrice per kg Import

Table 24: Scenario S4

Scenario: Increasing Food Self A B
Sufficiency Levels (S4)

Variable

Rice | Desired SSL 0.65 0.65
Wheat | Desired SSL 0 0.2
Sugar | Desired SSL 0 0.2
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Value
2497
1500

160
15414
980
3835
3120
2000

6097.5

70000
0.16
0.16
0.16
0.16
13.3
0.16

5.70 x10%
5.70 x10%
5.70 x108
5.70 x10%
4.60 x10°
5.70 x10%
2.90 x10°
2.90 x10°
2.90 x10°
34.6
2.90 x10°
0.4
0.18
0.32

0.0695
4.16
0.147

C D

Values
1 0.8
0.2 0
0.2 0

Units
L/kg
L/kg
L/kg
L/kg
L/kg

kg/ha

kg/ha
kg/ha
kgha
kg/ha
kWh/kg
kWh/kg
kWh/kg
kWh/kg
kWh/kg
kWh/kg
ktoe/kg
ktoe/kg
ktoe/kg
ktoe/kg
ktoe/kg
ktoe/kg
kTCQelkg
kTCQe/kg
kTCQe/kg
kTCGe/kg
kTCQe/kg
USD/kg
USD/kg
USD/kg
USD/kg
USD/kg
USD/kg

Source
[233]
[233]

[42]
[233]
[42]
[218]
[234]
[235]
[218]
[236]
[237]
[237]
[237]
[237]
[237]
[237]
[237]
[237]
[237]
[237]
[237]
[237]
[238]
[238]
[238]
[238]
[238]
[239]
[239]
[239]
[239]
[239]
[239]

Units
dmnl
dmnl
dmnl



Livestock| Desired SSL 0
Livestock Feed| Desired SSL 0
USD/MYR Exchange Rate 4

Table25: Key Indicators for S4

Key Indicators

Land for Rice

Land for Wheat

Land for Sugar Cane

Land for Livestock

Land for Livestock Feed

Rice Production

Wheat Production

Sugar Production

Livestock Production

Livestock Feed Production

Rice | Import Cost per Year

Wheat | Import Cost per Year

Sugar | Import Cost per Year
Livestock | Import Cost per Year
Livestock Feed | Import Cost per Year
Rice | Effective SSL

Wheat | Effective SSL

Sugar | Effective SSL

Livestock | Effective SSL

Livestock Feed | Effective SSL

Staple Food | Water Withdrawal per Year
Staple Food | Electricity Used Per Year
Staple Food | Fuel Used per Year
Staple Food CO.e Emissions per Year

0.2

o
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0.2 0.2 0.2 dmnl
0.2 0.2 0.2 dmnl
4 4 4.5 MYR/USD

Units
ha
ha
ha
ha
ha
kgl/year
kgl/year
kglyear
kglyear
kglyear
MYR/year
MYR/year
MYR/year
MYR/year
MYR/year
dmnl
dmnl
dmnl
dmnl
dmnl
L/year
kWh/year
ktoelyear
kT/year



Results and Discussion:

Figure 78 shows the change in available arable land over time until 2050, which is dependent on the
level of SSL Malaysia sets to achieve for its respective staple food ditopsamount of arablehd
available at 2050 follows the increasing order of scenarios S4C, S4D, S4E, S4B, and S4A. The amount
of available arable land decreases over time because of the need to fulfil-gnogiag population

under similar yield, SSL, and per capita consuoni

From Figure 79, Figure 80, andFigure81 its can be seen thatater withdrawal per year, electricity

used per yearand other energy used per year $genario S5Aare sigrificantly lower than other
scenarios because this scenario is where Malaysia do not focus on growing its own staple food, and
imports a large part of therfhis is not favourable for Malaysia in the long term because being food
dependent puts Malaysia dtet mercy of its exporting country. Coupled with the policy of food
sovereignty, the declaration of Nyel¢p40] where communities take full control of the way their food

is grown, produced, traded, and consumed, food security in Malaysia is further complicated.

Naturdly, increasing SSL for staple food types increases each respective resource use. S4C, an

aggressive SSL scenario where Malaysia seeks to achieve 100 % SSL in rice, and 20 % respectively in
wheat, sugar, and livestock, results in the highest values of wittielrawal (20.9 TL/year), electricity

use per year (9.5 TWhlyear), and other energy used (3300 ktoe/year). On the other hand, this scenario

loosens the import cost burden by having the lowest projected total import cost of RM 57 billion.

S4B, S4D, an®4E resulted in similar values of resource use i.e. 17 TL/year of water withdrawal, 9
TWh/year of electricity used, and 3200 ktoe/year of other energy used. All three indicators show a sharp

rise in the first five years after 2015 and then slowly staslibwards 2050.

For food import cost per year, as depictedrigure82, total spent on food import per year when nearing
towards 2050 follows the decreasing order of S4A, S4E, S4D, S4B, and lowest being S4C. Scenarios
S4A andS4E reach significantly higher import cost than the other three at RM 72 billion and RM 68
billion respectively. During the first-3 years after 2015, the impact of the weak ringgit (S4E) on import
cost is more apparent. However, aftef gears, the impa of having weak SSL takes over, as can be
seen fronfFigure82, where the import cost of S4A (weak SSL) overtakes the import cost of S4E (weak

ringgit). This shows that whilst the strength of USD/MYR exchange rate is very impurtdhe food
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cost of Malaysia, being independent in terms of food production (i.e. having a strong SSL) is still
number one priority.

Available Arable Land (ha)

749.900

£ 499,700

249.600

-600 \\

2015 2020 2025 2030 2035 2040 2045 2050
Time (Year)
"Available Arable Land (ha)" : S4A t i t + "Available Arable Land (ha)" : $4D —4——4——4——4—
"Available Arable Land (ha)" : $4B ——2———2&——2——— "Available Arable Land (ha)" : S4E — 55— 55— 5—5—

*Available:Avable Land (ha)"- S4C ———3——3——F——

Figure78 S4- Available Arable Land
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Figure79: S4- Staple Fod | Water Withdrawal per Year
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Staple Food | Electricity Used Per Year (kWh/year)
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Figure80: S4- Staple Food | Electricity Used per Year
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Figure81 S4- Staple Food | Other Energy Used per Year
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Staple Food | Import Cost per Year (MYR/year)
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Figure82 S4- Staple FoodImport Cost pet Year
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Lifestock Energy Supply per kg
MC1| Energy Supply per kg
MC2| Energy Supply per kg
Rice |Protein Spply per kg
Wheat| Protein Supply per kg
Sugal Protein Supply per kg
Lifestoc Protein Supply per kg
MC1| Protein Supply per kg
MC2| Protein Supply per kg
Rice |Fat Supjy per kg

Wheat| Fat Supply per kg
Sugal Fat Supply per kg
Lifestock Fat Supply per kg
MC1| Fat Supply per kg

MC2| Fat Supply per kg

Table27: Resouces Relevant Constants for S5

Relevant ConstantsResources

MC1 | CQe Emissions per kg Production
MC2| COe Emissions per kg Production
MC1 | Water Withdrawal per unit Production
MC2| Water Withdrawal per unit Production
MCL1 | Electricity used per unit Production
MC2| Electricity used per unit Production
MCL1| Other Energyused per unit Production
MC2| Other Energy used per unit Production
MC1 | Land Efficiency

MC2| Land Efficiency

Table28: Scenario S5

Scenario: Utilizing Marginal A B C
Crops (S5)

Variable Values
Available Marginal Land 0 6 6
(million)

Marginal Land Preparation - 35 25
Time

Rice Consumption per Capita 80 80 80
per Year

Wheat Consumption per Capit 60 60 60
per Year

Sugar Consumption per Capité 30 30 30

per Year

200

2.5
3.7
2
27.4
140

260
160

25

150
60
25

Value
1.50 x10°
1.50 x10°

250
250
0.08
0.08
2.80x10%
2.80 x108
650
3000

15 5
80 80
60 60

30 30

kcal/kg [241]
kcal/kg [242]
kcal/kg [243]
a/kg [241]
a/kg [241]
a/kg [241]
o/kg [241]
a/kg [242]
a/kg [243]
a/kg [241]
a/kg [241]
o/kg [241]
a/kg [241]
o/kg [242]
a/kg [243]
Units Source
kT/kg (F1,F2)
kT/kg (F1,F2)
L/kg (F1,F2)
L/kg (F1,F2)
kwh/kg (F1,F2)
kWh/kg (F1,F2)
ktoe/kg (F1,F2)
ktoe/kg (F1,F2)
kg/ha [242]
kg/ha (F1,F2)
Units
year
kg/(ppl*year)
kg/(ppl*year)
kg/(ppl*year)



Livestock Consumption per 60 60 60 60 60 kg/(ppl*year)
Capita per Year

Rice | Desired SSL 0.8 0.8 0.8 0.8 0.8 dmnl
Wheat | Desired SSL 0.2 0.2 0.2 0.2 0.2 dmnl
Sugar | Desired SSL 0.2 0.2 0.2 0.2 0.2 dmnl
Livestock| Desired SSL 0.2 0.2 0.2 0.2 0.2 dmnl
Livestock Feed| Desired SSL 0.2 0.2 0.2 0.2 0.2 dmnl

Table29: Key Indicators for S5

Key Indicators Units
Food| Water Withdrawal per Year L/year
Food| Electricity Used per Year kWh/year
Food| Fuel Used per Year ktoelyear
Total | Energy Supply per Year kcallyear
Total | Proein Supply per Year glyear
Total | Fat Supply per Year glyear
Energy | Supply per Electricity Spent kcal/kwh
Protein| Supply per Electricity Spent o/kWh
Fat| Supply per Electricity Spent g/kwh
Energy | Supply per Water Spent kcal/L
Protein | Supplyper Water Spent g/L
Fat | Supply per Water Spent g/L
Energy | Supply per Other Energy Spent kcal/ktoe
Protein| Supply per Other Energy Spent g/ktoe
Fat| Supply per Other Energy Spent g/ktoe

Results and Discussion:

Figure 83, Figure 84, andFigure 85 show the total nutrients supply per year as a results of local
production as calculated from the total food production whitstire86, Figure87, andrFigure88 show
total resources use per year because of the food production. Consediigate89 to Figure97 show

the specific resource use feach nutrient type.

Since this scenario is concerned with how quickly marginal crops are being implemented into
Mal aysiads food sector, it is thus natural that
S5C, S5D to S5E. It can be seen frdwa tontrol case of S5A, that without any marginal crop adoption,

total resource use (i.e. yearly electricity, water withdrawals, and other energy uses) is lowest among all
subscenarios. Without marginal crop adoption (S5A), Malaysia is expected to praslickcal/year

of food energy supply, 29.3 B g/year of fats, and 186.3 B g/year of protein. On the other hand, with the
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adoption of marginal crop, yearly production is at//B kcal/year for food energy supply, 4622
B glyear for fats, and 58809 B dyear for protein. These values however arises as a result on the

assumption that all 6 million hectares of Mal ays

However, the total nutrients supply per year for S5A is also lowest, on top gfdgmficantly lower
than the other four suécenarios. The three resources looked at were electricity, other energies, and

water. The following illustrates the amount of nutrient obtain to its unit resource expenditure:

Without marginal crops:

1 1 kwh ofelectricity produces:
0 2.506 kcal of energy
0 2.926 g of fat
o 18.59 g of protein

1 1 ktoe of other energies produces:
0 7.21 M kcal of energy
0 8.42 Mg of fat
0 53.48 Mg of protein

I 1L of water produces:
o 0.0013 kcal of energy
0 0.00151 g of fat
o 0.00965 g of protein

With marginal crops:

1 1 kWh of electricity produces:
0 5.1-6.4 kcal of energy
0 41.560.5 g of fat
0 52.268.8 g of protein

9 1 ktoe of other energies produces:
0 14.718.4 M kcal of energy

0 119174 Mg of fat
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o 150198 Mg of protein

1 1L of water produces:
o 0.00250.0030 kcabf energy
o 0.0200.028 g of fat

0 0.0250.033 g of protein

Whilst marginal crops such as Bambara groundnut and Moringa leaves are by no means complete
substitutes of Malaysianés staple food of rice,
or increasing the share of mar gi nal crop into

increased. By adopting marginal crops such as these, two main advantages can be obtained namely:

1 Reduce the stress of obtaining basic nutrient requirememtstfr® normal staple food, which

thus reduces the stress on achieving a high SSL.

1 Reduce the stress on electricity, water, and other energies.

Total | Energy Supply per Year (kcal/year)
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Figure83: S5- Total | Energy Supply per Year
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Total | Protein Supply per Year (g/year)
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Figure84: S5- Total | Protein Supply per Year
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Figure85: S5- Total | Fat Supply per Year
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Figure86: S5- Food | Electricity Used per Year

Figure87: S5- Food | Water Withdrawal péfear
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