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 Abstract 

This research investigates residential building energy performance and feasible energy 

efficient measures to achieve Net Zero Energy Homes (NZEHs) on the eastern Arabian 

Gulf peninsula, considering the local vernacular architecture context and passive cooling 

techniques, regional hot and humid climate conditions, occupants' needs, and cultural 

requirements. The simple definition of an (NZEH) is when the building is energy-self-

sufficient throughout the year. This research investigation has been accomplished through 

a comprehensively staged research methodology. It included an extensive literature review 

examining how ancestral communities coped with the harsh climate of the east coast of the 

Arabian Gulf peninsula in the absence of electricity. Additionally, it involved an analysis 

of the energy consumption trends in residential buildings within the region, identifying key 

design characteristics typical to Arabian Gulf residential buildings, and using computer 

modeling IESVE to illustrate a future Net Zero Energy Home (NZEH) of the region. 

The results from computer modeling IESVE of a designed base case indicated that 

implementing passive cooling ventilation only, such as using natural ventilation through 

techniques like wind catchers, wind scopes, and an operable door located within a 

courtyard, produced only marginal reductions in total energy consumption (less than 10%). 

However, integrating supplementary Energy Efficiency Measures (EEMs), such as 

enhancing thermal insulation, implementing shading strategies, and improving Heating, 

Ventilation and Air Conditioning (HVAC) efficiency, led to a further 30% decrease in the 

building's energy consumption. 
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 While the research shows that achieving annual energy self-sufficiency and reaching Zero 

Energy Home (ZEH) status is possible in the Arabian Gulf region, it also highlights the 

challenges. Installing active renewable Photovoltaic (PV) panels on the building's roof is 

crucial. According to this research investigation, the NZEH concept can be applied to the 

region, but making it feasible throughout the year is complex. The installation of solar 

panels made the NZEH energy simulation prototype self-sufficient annually. The definition 

of an NZE-ready house is when the house reaches a low energy consumption level, which 

makes it feasible to install solar panels at this stage. For this investigationôs 250 m² 

prototype, the total power generated by the PV system during the year was 17.1 MWh, 

while the NZE-ready house usage was around 16.6 MWh. However, the solar panel system 

could not meet the total energy demand in the summer months from July to December, 

with an average deficiency of around 7%. Nevertheless, the PV system has ten batteries 

with a 4.8 kw/h capacity for each, which can cover this deficit.  

Additionally, compared with traditional building construction, the cost penalty of 

constructing an NZEH increases construction costs by more than 15%, with a payback 

period of roughly ten years. The increase in the construction cost is mainly due to installing 

the solar panel systems, which, in the case of this research prototype, cost around $25,000.  

Finally, this study contributes to the existing body of knowledge in the field of sustainable 

building construction by providing a framework, recommendations, and guidelines to 

promote the adoption of Zero-Energy Homes (ZEHs) in the harsh, hot, and humid climate 

of the East Coast of the Arabian Gulf and region with smaller climate in general. 
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CHAPTER 1  

 

Introduction  

1.1-Background 

The rise of oil expenditures in the 70s allowed the Gulf Council countries (GCC) to use 

significant revenues generated from oil production to construct new modern cities and their 

associated infrastructure and amenities. The oil wealth also has been reflected in 

considerable changes in lifestyle patterns and living standards. It was found that lifestyle, 

individual consumer behaviour, and other socio-cultural factors influence energy use in 

individual dwellings. These have listed the Arabian Gulf Countries among the top 10 

countries in terms of electricity consumption and CO2 emission per capita worldwide. 

Furthermore, with oil prices fluctuating, and since 80% of our electricity generation is 

derived from oil as the main energy source, the necessity to diversify the energy resources 

is becoming vital (see Figure 1.1).  

 

 

 

 

 

 
Figure 1.1 KSA. Electricity Generation by Energy Source according to us energy administration. 
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Comparing our region with other global countries shows it depends mainly on oil as one 

major energy source. For instance, in the USA, there is a diversity of energy sources they 

can rely on in case of any energy crisis, including nuclear and renewable energy (see Figure 

1.2). However, many significant problems remain, including the harsh climate, resource 

market instability, and an unplanned expanding rate of new housing unit construction. 

The factors above resulted in an increased energy demand, as seen by the yearly energy 

consumption of buildings and the significant fluctuations in energy costs between winter 

and summer. Research has shown that during the summer, the energy requirements of 

HVAC systems in buildings and other household appliances reach unprecedented levels, 

depleting local energy supplies. Summer energy usage in some residential buildings 

increased sevenfold compared to winter. The fluctuation in energy demands across 

different seasons puts an additional load on electrical providers to generate power during 

periods of high demand (Al-Badi et al., 2011). As a result, in late 2015, the Saudi 

government increased the price of household energy bills by 60% due to low oil prices, 

putting pressure on many ordinary families to take more notice of daily living expenses. 

Figure 1.2 U.S. Electricity Generation by Energy Source according to U.S. Energy Information 

Administration. 
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Most of the home's energy consumption comes from the HVAC system, including other 

factors that are the primary influences on the energy use of major building systems. In the 

summer, the energy demand for HVAC systems alone can reach 50 to 70% of total home 

energy use, which leads to the major factor that should analysed closely (see Figure 1.3). 

 

 

 

 

 

Consequently,  the GCC countries must increase their efforts to enhance their renewable 

energy capacity as a solution. According to the IRENA research, the GCC's power output 

2019 relied on renewable energy for just 0.6% of its total generation. The GCC countries 

have a combined installed capacity of over 2800 MW, which accounts for just 1% of the 

energy needed. Compared to other dry nations in the region, which have a capacity 

proximity of 500 MW and contribute more than 15% to its public grid (Elrahmani et al., 

2021). Moreover, to contribute to domestic energy demand and long-term environmental 

sustainability, the GCC countries must immediately consider the benefits of conserving 

energy consumption in buildings by promoting Net-zero-energy homes (NZEHs) for the 

regional residential market. NZEHs can be a feasible solution to reduce dependence on 

fossil fuels for energy production by promoting sustainable and renewable approaches in 

the residential sector, which can ease the pressure on the ordinary local electricity grid. 

Figure 1.3 GCC Residential Power Demand Split by Building Consumption (El-Katiti, 2011).  
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1.2- Overview of Domestic Building Distribution  

Economic, environmental, social, and cultural criteria significantly influence construction 

methods in Saudi Arabia and other Gulf Cooperation Council countries. Consequently, 

building methodology modifications occur when any of these factors undergo changes. 

Before the 1970s, the construction industry used passive design principles in home design 

and building operations since they depended on local materials and climatic conditions (Al-

Hinai, 1993). The main goals were the limited supply of energy resources, inadequate 

access to local building materials, and a shortage of financial resources to get components 

outside. Climate conditions significantly impact the design of structures and the use of 

materials globally. In the past, Gulf vernacular architecture achieved sufficient thermal 

comfort by using innovative concepts and systems adapted to the prevailing temperature 

conditions and local environment. Consequently, dwellings in coastal regions were 

strategically orientated towards the sea to optimise the benefits of onshore sea breezes. 

Further inland, further into the gulf, where the air had relatively low moisture levels, mud 

was used as the primary building material to provide an efficient thermal barrier against 

the absorption of heat throughout the summer. Over the last four decades, building 

techniques in the Gulf area have shifted towards more modern methodologies. Concrete is 

used extensively in construction, whereas local traditional materials have been 

progressively substituted in the building sector. The shift from traditional local materials 

to concrete has occurred because of concrete's improved ability to be designed in many 

ways, longer duration of building use, and increased ability to withstand compression. As 

a result, affordable mechanical air conditioning systems were developed, giving building 

designers more freedom to bypass natural restrictions for thermal comfort. Accordingly, 
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the construction of concrete block buildings did not prioritise energy efficiency during 

operation due to the failure to use the beneficial features of the surrounding environment 

in the design and layout.  As stated in the 2019 report by the Kingdom of Saudi Arabia 

General Authority of Statistics, 89% of housing units inhabited by Saudi households are 

made of reinforced concrete, which is the predominant construction material. Furthermore, 

homes constructed using bricks or blocks constitute around 9.1% of all buildings. 

Traditional or stone homes have the lowest percentage among all buildings in Saudi Arabia, 

accounting for about 1% of the total number of buildings. (see figure 1.4).  

Regarding the type of housing, data showed that apartments were the most widespread in 

the Kingdom, as they acquired 43.7% of the total number of accommodations, equivalent 

to 1.61 million apartments, up from 1.57 million flats in 2018, followed by villas by 29.7%, 

Figure 1. 4 Saudi Arabia distribution of households by building material used for house construction 

(Kingdom of Saudi Arabia general authority of statistics, 2019). 
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which represents 1.1 million villas. The following table shows the percentage of dwellings 

according to the type of residence. The Saudi General Authority for Statistics said in 2019 

that the number of housing increased to 3.68 million housing units occupied by Saudi 

families, increasing 90.8 thousand housing compared to 2018. The number of individuals 

living in these housing reached 21.59 million, with an average size of the Saudi family 

amounting to 5.86 compared to about 5.96 in 2018. The percentage of housing units 

occupied by Saudi families out of the total number of dwellings was 64.85% in 2019, 

compared to 64.17% in 2018. The household size is understood as the result of dividing 

the number of individuals by the number of households. Moreover, Data issued by the 

General Authority for Statistics showed an increase in Saudi households' percentage of  

Housing in 2019, to 62.1%, compared to 60.5% in 2018 (see figure 1.5).  

Figure 1. 5 Saudi Arabia distribution of households by building type (Kingdom of Saudi Arabia General 

Authority of Statistics, 2019). 
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The trend in Saudi Arabia is toward owning residential buildings rather than renting due to 

many factors, such as Government residential loans and the governmental residential 

buildings-supporting program which helped increase individual ownership awareness 

toward the housing market (GASTAT, 2019_Sakani, 2022) (see Figure 1.6). 

The Ministry of Housing facilitated the journey of Saudi families to own their first home. 

This support is represented by the launch of a large-scale housing project, which made 

buying a home an easier decision than before. With the launch of Government residential 

loans, Saudi families can now own homes through various options and facilities, with the 

abundance of projects, units, and schemes offered. That kind of program seeks to provide 

many housing solutions for Saudis by offering various real estate units in housing projects 

in multiple regions in Saudi Arabia. This comes from the government's support for citizens 

to own their own homes and provide easy settlement approaches (Sakani, 2022).  

 

 

Figure 1. 6 Saudi Arabia resident ownership pattern (Kingdom of Saudi Arabia general authority of 

statistics, 2019). 
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1.3-Aim and Objectives 

This research aims to investigate the technical and economic viability of NZEH on the 

Arabian Gulf East coast. This region was selected based on its historical vernacular 

architecture, passive cooling techniques, harsh climatic conditions and cultural 

requirements, making constructing low-energy buildings challenging. The stated aim is 

achieved through the following set of specific objectives: 

 

¶ Conduct an extensive literature review to learn about vernacular residential 

buildings' construction materials and passive cooling techniques to utilise them in 

this research base case. These techniques allowed ancestors to inhabit the East 

Coast of the Arabian Gulf's harsh climate without electricity. 

¶ To identify the main design characteristics of a typical residential home suitable for 

a Saudi family and assess energy consumption trends in those buildings. 

¶ To examine the properties and design of an NZEH and how this can be adapted to 

climatic conditions like those of the Arabian Gulf. 

¶ To conduct energy modelling for the NZEH prototype, including validation and 

cost estimation, which is compatible with the Arabian Gulf. 

¶ To provide general recommendations and guidelines for promoting NZEH in 

Saudi Arabia and the Arabian Gulf. 
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1.4-Research Hypothesis and Questions 

The investigation hypothesises that the premise and implementation of NZEH are feasible 

within the Arabian Gulf East Coast's ecological and cultural context. NZEH can potentially 

reduce energy use while providing significant environmental and economic benefits to the 

Arabian Gulf's residential building industry. As a result, various research questions were 

asked while developing the methodology. The research questions are as follows: 

 

RQ1-Research Question one  

Which passive cooling techniques and construction materials did our ancestors use in the 

Arabian Gulf's harsh climate without electricity to be applied in designing the NZEH?  

RQ2-Research Question Two  

What elements in architectural design geometry and building envelope selection contribute 

to the increase in energy consumption in the Arabian Gulf region buildings? 

RQ3-Research Question Three  

Which energy-efficient measures are most effective for the Arabian Gulf's harsh climate 

and can move homes to a low energy consumption stage?  

RQ4-Research Question four   

To what extent is the NZEH concept feasible to apply on the East Coast of the Arabian 

Gulf region, and which framework can be used to reach the stage of NZE? 

1.5-Research Uniqueness and Contributions 

There is a lack of awareness and consideration in the field of the integration potential of 

passive cooling systems, extracted from the Gulf ambient environment and context, with 
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the architectural design strategy and geometry (Feng, 2011), (Al-khateeb and Abu-hijleh, 

2019), (Shin et al, 2019), (Casini, 2020), (Eshraghi et al., 2014),(Alfaris et al., 2017),( Lan 

et al., 2019),( Kristiansen et al., 2019). Therefore, this research aims to develop NZEHs 

that integrate how our ancestors utilised passive cooling techniques (natural ventilation) in 

the Gulf region's harsh climate with modern renewable energy technologies. The 

contributions of the present research to the body of knowledge are summarised as follows: 

a) Develop an innovative NZEH prototype building that enhances building envelope 

quality, utilising passive cooling measures and applying renewable energy to reach the 

NZE stage. The prototype will address architectural design, house envelope design, 

construction materials, and on-site renewable energy technologies. The strategies will 

cover active and passive measures such as building design, shading devices, heating, 

ventilation, air conditioning (HVAC), volumetric compositions, and wind catchers. 

Regarding architectural design, the proposed prototype will be evoked from the Gulf East 

Coast ambient environment and culture by applying some vernacular materials and 

techniques that focus on new construction buildings. 

b) Investigate how our ancestors lived in the gulf's harsh climate by relying solely 

on passive cooling techniques and traditional construction materials to utilise them 

in creating the NZEH. The investigation aims to analyse and identify passive cooling 

techniques' mechanisms and functionality, including thermodynamics of air movements 

and the relationship between the design aspect and mechanism. Our ancestors' construction 
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materials will be summarised, characterised, and linked to their contribution to the 

efficiency of the passive cooling technique. 

c) Establish Guidelines and recommendations for the NZEH application in the Gulf 

East Coast region, considering the harsh climate and the exceptional cultural and 

traditional obligations. The guidelines will suggest a feasible scenario to combine passive 

cooling techniques with renewable energy to reach the NZE stage. Recommendations 

Concerning house envelope selection and construction materials applied will be delivered 

at the end of the study. NZEH's design framework will also suggest approaches to utilising 

renewable energy strategies.  Recommendations about the cost estimation payback period 

will be analysed to clarify the initial cost and the application feasibility from the consumer's 

perspective.  

d) Support and enhance the development of energy efficiency programs. This 

research aims to produce an NZE residential building typology compatible with the 

Arabian Gulf energy perspective and KSA 2030 vision, which promotes utilising 

renewable energy and diversifying the energy source rather than depending on oil as the 

primary energy source. 

e) Define the energy consumption trend and compare it with the local and international 

Energy Utilization Index (EUI) to position individual annual energy consumption on the 

energy international energy use per capita trend. Furthermore, distinguish standards for 

NZE ready stage for the Gulf East Coast context that are marked beside some developed 

countries' international energy use index. 
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Figure 1.7 Synthesis diagram illustrates 

Research Uniqueness and Contributions 

to the field of knowledge. 

f) Bridge the gap between individual energy consumption behaviour and 

conservation awareness by creating a more positive consumer attitude towards energy 

efficiency. This will be performed by highlighting the benefits of saving energy and 

establishing recommendations to be followed as guidelines, which will increase the public 

perception of energy conservation. Figure 1.7 below summarises the research objective and 

contribution.  
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1.6- General Methodology  

This study lays the groundwork for a detailed guideline that outlines a method for building 

a residential home with net zero energy (NZE) in this specific setting. The research 

provides accurate and quantifiable information on the methods used in constructing 

residential buildings that achieve Net Zero Energy (NZE) status, particularly within this 

specific climatic area. The organisation utilises a systematic approach at various stages to 

achieve its goals and objectives efficiently. Various methodologies provide favourable 

results that are relevant to the research investigation. To deliver research outputs of 

superior quality, the chosen approach must include all stages of the (NZEH) concept. This 

research project's data collection and analysis stages need qualitative and quantitative 

methodologies, including statistical analysis. The activities encompassed in this project 

involve doing a comprehensive examination of relevant literature, establishing detailed 

models of buildings, analysing data collected during site visits, and examining case studies. 

Hence, a combination of different research approaches was used for this inquiry (mixed 

methods) (for more information, see the methodology chapter). The study methodologies 

will be implemented in three distinct phases. The study begins with a preliminary phase 

focused on comprehending the described subjects inside the research domain. This 

involves addressing the study inquiries about our predecessors' ability to survive in the 

challenging environment of the Arabian Gulf area by just using passive cooling methods. 

Moreover, while comprehending Net Zero Energy Homes (NZEH) principles, it is crucial 

to emphasise certain Energy Efficiency Measures (EEM) and renewable energy methods 

appropriate for our specific climatic circumstances. The subsequent phase involves 

examining the current building methods in the area and producing a benchmark case to 
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serve as a reference point for (NZEH). To understand this research component, we will 

distribute and analyse a survey and questionnaire to residents of a public residential 

building. This will enable us to identify the physical and practical factors that affect home 

energy consumption and the tenants' opinions regarding implementing sustainable projects 

in the area. Additionally, there will be a visit to the site of current residential building 

projects in the area to see and analyse the construction methods used. In the last phase, a 

computer modelling programme, IESVE, will be used to create and analyse a simulation 

model for (NZEH) that is tailored explicitly for hot and humid regions. The computer 

model integrates the ideas collected and understood in the previous phases, such as passive 

cooling methods, EEM, and renewable energy, to determine how NZEH may be realised 

in the Arabian Gulf area. See Figure 1.8 for the general research methodology diagram 

divided into three stages to meet the main research aims and objectives. For the detailed 

approach, see the methodology chapter. 

 

 

 

 

 

 

  

 

 

  

  

 

Figure 1.8 general research methodology diagram ­ is divided into three stages to meet the main research 

aims and objectives. 
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1.7-Structure of The Research    

¶ Chapter One: - Introduction. 

This chapter briefly describes the region's energy and building residential contexts, aim, 

objective, hypothesis, uniqueness contributions and research general methodology. 

 

¶ Chapter Two: - Traditional Review of Vernacular Architecture and Construction 

Materials in The Gulf Region. 

¶ Review the passive cooling techniques and construction materials used by our ancestors in 

the Gulf region. Moreover, a summary of all the techniques has been gathered at the end 

of this chapter, coupled with their advantages and disadvantages to be utilized in this 

research NZE prototype.  

 

¶ Chapter Three: - Energy-Efficient Measure and The Concept of Net-Zero-

Energy-Homes (NZEHs) in Hot-Humid Climate 

Gathers EEMs that can be utilized in hot-humid climates to apply them to the NZEH 

prototype. In this chapter, all investigated measures have been diagnosed to illustrate their 

advantages and disadvantages and judged whether utilizing them in the Arabian Gulf 

region climate is feasible. Moreover, it Identifies the NZEH principles and fundamentals, 

presenting some of the previous work done in this field of research. Moreover, this chapter 

has concluded that combining measures and the optimum EUI before applying renewable 

energy is the best method to achieve the NZE.   

 

¶ Chapter Four: - Research methodology    

Explain the method used in this research, which consists of three main stages. It focuses 

on building the base case for the net-zero residential building. The key factors and design 
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features for the Arabian Gulf base case were derived from the survey, Saudi code, site visit, 

and other research models. The energy-simulating tools were determined by relying upon 

some mandatory measures and requirements in designing the NZEH. Moreover, the base 

case simulation sample was validated by corresponding it with an existing home in 

Dammam city and other researcher models to create a sense of error regarding where this 

research base case stands.  

 

¶ Chapter Five: - Residential Buildings Survey results 

Identifies the main characteristics of a typical Dammam, Saudi Arabia home and 

emphasises the possibilities and challenges of implementing NZEHs from the resident's 

standpoint. At the end of this chapter, a summary was made to guide the design of the base 

case according to the resident's perspective.  

 

¶ Chapter six: - Design and Conceptualization of the NZEH:  

In this chapter, the base case model will be enhanced, and the EEMs and passive cooling 

techniques will be applied with renewable energy's assistance to reach the NZE stage. At 

the end of this chapter, a conclusion will be made on whether the concept of NZEH is 

feasible to apply in the Arabian Gulf region.  

 

¶ Chapter seven: - Framework, Recommendation and Conclusion 

Setting the benefits and challenges of applying the concept of NZEH in the Arabian Gulf 

region. Moreover, the research questions will be answered, and final recommendations will 

be given to the government, homeowners and architects. Furthermore, this research will 

illustrate a finding framework and remarks. At the end of this research, future work points 

are aimed at the researcher and designer.  
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CHAPTER 2 

 

Review of Vernacular Architecture and Construction Materials in 

The Gulf Region. 

 

 

2.1- Introduction   

In this harsh climate region, our ancestors have had a critical issue coping with living in 

this environment. Nevertheless, they have adapted to challenging conditions by utilizing 

techniques extracted from their ambient environment. Those techniques (passive 

approaches) interact in harmony with nature rather than conflict with it, which results in 

moving the Indore environment to reach the thermal comfort stage without the need for 

any artificial source of energy (Khalili  &  Amindeldar 2014). The passive design responds 

to the local climate and ambient environment to ensure the comfort and well-being of 

building users while conserving energy use. The core of designing a passive building is to 

utilize the best advantage of the local climate (Taleb, 2014). Both building systems and 

passive design parameters have been proven to be essential to reaching an NZEH goal, 

combined and integrated based on local climatic conditions and ambient environment 

(Feng, 2019). Some studies showed that passive cooling techniques could sustain the 

indoor temperature within the comfort range while reducing the building cooling load and 

energy consumption required (Bhamare, Rathod et al, 2019). In fact, our ancestors had to 

rely on several vernacular techniques to enhance peopleôs comfort in the Arabian Gulf 

desert climates. For instance, ancient builders have had a creative way to make the building 
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cool and ventilated through the harsh summer by creating wind towers that make the cool 

air sink in and kick the hot air out by making it rise through the wind tower (Stack Effect 

Phenomena) then out through the wind tower opining. Those techniques that enceinte 

builders had, are Net-Zero, sustainable and durable in the mean of today perception for 

many ways: They are convenient and economical to build, Net-Zero-Energy by using only 

natural forces, maintenance-free and do not require any repairing parts, do not have any 

harm impact on nature by polluting the environment, noise, and vibration free also the 

materials that used in the construction are sustainable and recyclable (see figure 2.1). The 

original concept of those vernacular techniques was evoked from the perception of the 

ambient environment that our ancestors managed to interact with in a smart and creative 

way (Hawker, 2008). Moreover, many solutions presented on conserving energy can be 

applied free of cost. For instance, the buildings could be designed by incorporating passive 

design aspects that positively impact energy consumption without any need for active 

measures (Abdul Mujeebu, 2016) in the end can be concluded that the low-energy lifestyle 

could be easily achieved in the past with a simple passive measure without sacriýcing 

comfort (Khalili  &  Amindeldar 2014). 

 

 

 

 

 

Figure 2. 1 ñAlbanaò, the builder, is constructing a home using sets of double mud 

bricks in Kuwait (Kuna, 2014). 



19 | P a g e 
 

2.2- Vernacular Passive Colling Techniques 

2.2.1- Courtyards 

The courtyard was utilised a long time ago in the Arabian Gulf region as one of the passive 

solutions. Courtyards serve as a cool private area that provides a great opportunity to hold 

social events. The Courtyard mechanise is considered one of the best passive solutions 

suitable for the harsh conditions of hot-arid regions (Hawker 2008). Cool night air settles 

down in the middle of the courtyard, making it serve as a cool-air lake. The cool air lake is 

stored in the courtyard ground and walls until the mid-morning of the following day, 

making it suitable to sit and enjoy the early morning hours (see figure 2.2). During the day, 

the courtyard can be cooler than home outside temperate, at the spaces back to the sun. On 

the other hand, adding trees and fountains to the space results in shading from direct solar 

heat gain, helps ventilate and filter dust and noise, and removes heat by convention energy. 

Meanwhile, the rooms that surround the courtyard get daylight and cool air from the 

courtyard by cross ventilation. (Khalili  &  Amindeldar 2014). 

 

 

 

 

 

 

 

 

Figure 2. 2  Courtyard Bait al Naboodah in Al-Sharjah-UAE which is opened its doors on November 14, 

1995. After its renovation and restoration, Bait Al Naboodah was reopened again on April 08, 2018 

(Source: - Sharjah Museums Authority). 
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2.2.2- Windcatcher 

The ñwind catcherò collects the prevailing summer wind by its opening, then cools it down 

and circulates it through the building. Usually, the wind tower has two ends, one rising 

through the roof and has many openings, and the other one reaches the end of the basement, 

which could ñdischarge opening.ò The upper part has four openings as a maximum, and 

those openings have a vertical passage used to hold a perforated wooden panel to prevent 

birds from coming in. Moreover, in the winter, the residents usually block the upper part 

opening with a sold wooden panel to keep the courtyard and rooms warm (Hawker 2008). 

The wind tower mechanism functions by the differentiation in the Temperature and density 

between the outside of the home and inside. Since the temperature outside is higher than 

inside, the air density outside is lower than inside, making the light air around the tower 

sink inside the shaft. So, the differentiation in the temperature and density makes the tower 

work even with the absence of wind by stack effect phenomena (Alp, 1990). On the other 

hand, Windcatchers inside the house are usually linked to the main spaces like a (majlas) 

living room and, in some cases, can serve more than one floor (Bahadori, 2006 as cited in 

Khalili  and Amindeldar 2014). 

Figure 2. 3 The difference between outdoor air temperature and courtyard air temperature in Yazd, Iran 

(Heidari 2010). 
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 Figure 2.6 Cross ventilation through the wind tower to the courtyard at night 

(Alp, 1991). 

Figure 2. 5 Stack effect and air buoyancy during the day (Alp, 1991). 

Figure 2. 4 Esa bin Ali house in the kingdom of Bahrain has a wind tower and 

courtyard that surrounds by rooms (Source: - Bahrain Authority for Culture and 

Antiquities). 
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Figure 2.7 A hand drawing for one of the ñAl Bastakiyaò houses in Dubai showing the wind 

tower location and mechanism (gawhary, 2015). 
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2.2.3- Massive walls 

The Arabian Peninsula is arid; therefore, temperatures are hot during the day and cool at 

night. The significant temperature difference between day and night prompted the ancient 

builders to employ the thermal mass approach to construct their dwelling walls. Mud brick 

or sea stone (coral) was used to build walls, which also serve as heat reservoirs and 

insulators. Furthermore, during hot days, heat fluxes from the outside to the inside are 

slowed by the enormous walls, and during cooler nights, a portion of the heat stored in the 

walls is released into internal spaces via thermal mass phenomena (Alp, 1990). The mud-

brick adobe walls have poor heat conductivity and great energy storage capacity, absorbing 

up to 80% of the outside heat and transmitting just 20% within. The enceinte builder 

carefully chooses the wall thickness to guarantee that the coolness collected during the 

summer night will  give suitable temperatures for most of the following day. However, 

heating will  not be necessary in the winter since heat is stored in walls during the day and 

radiated at night (Hawker 2008). 

 

 

 

 

 

 

Figure 2.8 Sheikh Saeed al-Maktoum's House in Dubai was built with a 

massive mud brick (Adobe walls) (Hantash, 2016). 
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2.2.4- Wind Scoops 

Wind scoops are structurally integrated horizontal wall apertures. A deep niche on the 

outside wall provides wind scoops that run continuously between two vertical supports. 

Wind scoops are often situated in the walls as openings that may cool the inside areas by 

cross ventilation. Bahrain, Kuwait, and the Eastern Province of Saudi Arabia still have 

rudimentary wind scoop uses. Variations of the same idea include recessed parapet 

openings along the roof terrace to ventilate the area, which is a pleasant way to spend the 

evening. On the other hand, wind scopes need constant maintenance since they are often 

obstructed by bird nests (Hawker 2008). Natural ventilation may be used with other passive 

methods to increase building thermal comfort and energy efficiency. Thus, by combining 

the wind scoop with other passive cooling measures, dwellings may easily achieve thermal 

comfort (Sakiyama et al, 2020). 

 

Figure 2. 9 A wind scoops in the wall helps to 

encourage the air circulation in rooms (Alp, 

1990). 

Figure 2. 10 A hand drawing for one of the ñAl 

Bastakiyaò houses in Dubai showing a wind 

scoops location (gawhary, 2015). 
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2.2.5- Basement 

Underground shelters or basements are usually formed with energy conservation and 

thermal comfort in mind. Since the ground has a very high thermal capacity, the deeper 

layers' temperatures are lower than the summer ambient outdoor air temperatures. 

Therefore, in the summer, underground spaces have better thermal comfort and energy-

saving than aboveground (M. Staniec 2011). Usually, basements are located underground 

with a ceiling raised by a small tolerance above the ground to allow natural light and fresh 

breeze to get into the space throw windows. Under the ground layers, The Earth's mass 

absorbs and preserves heat. Over a period, this heat is discharged to surrounding areas, 

including the basements. Because of Earth's high density, the swing in the Earth's 

temperature occurs gradually, known as 'thermal lag.' Therefore, the Earth provides a 

steady temperature for the basement space, even when the swing in outdoor temperature is 

significantly high (B. Hoyle 2011). In summer, the basement is usually occupied around 

noon since the underground temperature is cooler than above ground (Foruzanmehr & 

Vellinga, 2011 as cited in Khalili  and Amindeldar2014).  

Figure 2. 11 The section shows how the basement ceiling raises above the ground to allow air circulation to 

cross throw basement ventilation openings (Haji-Qassemi & Karbassi, 1998). 
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2.2.6- Ivan 

Ivan is a classic Iranian architectural method brought to the Gulf by the Banaas. Ivan's role 

is to provide thermal comfort conditions in neighbouring interior areas. Ivan used to be a 

place to sleep at night, live and relax during the day, eat supper and breakfast, host social 

gatherings, serve as a hallway, connect areas, and enjoy the view of the sky. In detail, Ivan 

is a semi-open area (Arcade) with access to the courtyard on one side. Typically, Ivan 

integrates into the rooms by opening doors and windows to enable cross-ventilation air to 

enter (Khalili and Amindeldar 2014). Ivan's measurements at Boroujerdiha residence 

reduced the temperature differential between interior and outdoor areas by 7ǓC at 12 p.m. 

(Haghparast & Niroumand, 2007, as referenced in Khalili and Amindeldar 2014). 

 

 

 

 

 

 

 

 

 

 

Figure 2. 12 Usually, Ivans are linking to rooms and spaces by alleyways (Tavassoli, 

1982 as cited in Khalili and Amindeldar 2014). 
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2.3 - Vernacular Construction Materials  

At the beginning of the 20th century (1901), a group of people known by the name of the 

master (Banna) used to build homes in the Arabian Gulf area. Usually, the (Banna) descend 

from a family known for its experience in construction and building (see figure 2.13). One 

best known, for instance, was the Al  Banna family, who were originally from the Bastak 

district in Iran, but they relocated to the Arabian coast. Those builders could be found in 

the area from the North of Kuwait to the south of Dubai. However, technical knowledge 

was widely spread between the community, and individuals started building and 

maintaining their own houses. Usually, at the time, the wealthy people's houses were built 

using Bannas, which had several people working under them (labour), yet the lower-class 

people built their own houses by themselves (Hawker 2008). The materials that Al  Banna 

used in the Arabian Gulf were from the ambient environment. The major materials are 

masonry, stone, plaster, wood, and palm fronds. The materials that are used in constructing 

the vernacular building walls are coral, stone, and mud brick. Usually, walls were decorated 

with a layer of gypsum plaster. Moreover, roofs were constructed using horizontal beams 

of palm trunks or mangrove trunks. On top of the trunks a Woven palm leaf mats and a 

final layer of masonry. However, during the sea trading period that was occurring at the 

time between the Arabian Gulf countries and India, Iran, and Germany, the Sailors 

imported with them some building materials that were known as imported materials (Alp, 

1990). 

 

 

 



28 | P a g e 
 

Figure 2.14 This picture was captured in 

Kuwait at Failaka island in 1940. The 

picture shown Kuwaiti bannas making 

mud bricks then they keep it dry by the 

sun   ,ϝжмЪ2014.( ). 

 

 

 

 

 

 

 

 

2.3.1- Mud Brick 

Since it is cheap and has a thermal insulation characteristic, mudbrick was the most 

common material used in constructing walls at the time. It was known between the Bannas 

by the name of (Libin). The Libin usually consists of a clay mixture with chaff that acts as 

a binding agent and soil or sand to reduce shrinkage and crack in the drying process 

(Hawker 2008). After casting the mud bricks in moulds, it was kept in the sun until they 

dried and became sold with high compressive and tensile strength (M.R. Sudhir, 2020). 

 

 

 

 

 

 

Figure 2.13 Aqil bin Mohammad Al Banna the last of seven generations of builders. Aqils 

ancestors migrated from Bastak in Iran to Dubai in the Arabian Gulf, and they used to build 

homes using mud brick (Hawker 2008). 
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2.3.2- Coral Stone 

Usually, the stones used in building construction are coral, lime, and mountain stone. The 

coral-stone (sea stone) was the most expensive and preferred stone along with the cost due 

to its thermal characteristics. There were two types of stone houses: winter and summer 

stone houses. The winter stone house is usually made of stone covered with mud plaster to 

chink up holes that might allow the cool winter winds into the interior spaces. On the other 

hand, summer stone houses were made with larger holes between stones to maximise 

airflow and cool winds (Hawker, 2008). Airflow  can lower building interior temperatures 

by convectively cooling the areas while contributing to good indoor air quality. The 

concept is based on an air exchange with the outside, which is often driven by pressure and 

temperature variations (Friess, 2017).  

 

 

 

 

 

 

 

 

 

Figure 2.15 here we can see the coral stone walls. In the right picture, the wall is consisted of 

two coral stone layers. (Wadi hayl in Fujairah) (Hawker 2008). 
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2.3.3- Plaster 

At the beginning of the 19th century (1901), the plaster in the Arabian Peninsula usually 

came from two fundamental types. The first type was beach plaster (Juss Al -Bahar), made 

from mixing coral stone and shells. (Juss Al -Bahar) was uncommon because the coral was 

expensive and hard to get from the sea. The other common type was limestone plaster 

(just), and the main ingredient was alluvial limestone. This second type was more complex 

to make because it needed cooking for a long time to reach acceptable strength. The 

mixture's strength increases with an increase in the fine limestone aggregate, with a 

relatively small increase in compressive than sand, making the mortar strong and more 

durable (M. Shivakumar, 2020). On top of that, limestone plaster needs to be mixed with 

wood ash to have the maximum pounding between the mixture ingredients. There was a 

third strong type that was associated with Omani vernacular architecture. A plaster called 

(Sarooj) was made from red clay mixed with manure and water to make a thick paste. In 

fact, (Sarooj) was better than (Juss) due to its low thermal conductivity, and it keeps the 

interior surface cool to the touch. (Sarooj) was imported from the Persian traveler and 

Figure 2. 16 In this winter house any spaces 

between stones were chinked up with a mud fill 

(Hawker 2008). 

Figure 2. 13 In this summer house, spaces 

between stones were large to allow the cool wind 

air flow (Hawker 2008). 
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found in some of Dubai's traditional buildings (Hawker 2008). Altogether, Limestone and 

shell lime as an admixture have benefits in reducing drying shrinkage, lowering the 

porosity, quicker carbonation rate, and higher workability (M. Shivakumar, 2020). 

 

 

 

 

 

 

 

 

Figure 2.18 Spectacular plaster work, the Seyyadi house in Muharraq Bahrain. We can see the rounded 

corner plaster work and the complex window screen (Hawker 2008). 

Figure 2.19 Pieces of plaster molding lie in the interior courtyard of Zaabi winter house in Jazirat Al-

Hamra in UAE. The zigzag pattern was made using wooden template (Hawker 2008). 
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2.3.4- Palm Trunk 

Date palm trees are among the oldest plants in the Palmae family. According to reports, 

the production of date palm fruits is expanding rapidly over the globe, demonstrating the 

tree's value. The number of date palm trees in Arabian Gulf nations is expected to be more 

than 100 million as the government promotes the palm sector and improves societal 

acceptability. The date palm tree may have generated fruits for over a century. It contributes 

to the production of raw materials for various industries and provides the national economy 

of many nations. (Alothman,2020). However, In the Arabian Gulf traditional buildings, we 

can usually see the wood element in the load-bearing beams, doors, windows, and 

decorations. In the beginning, individuals started building their own homes using palm 

trunks. It has many disadvantages. One of them is that palm trunks are subjected to a 

different type of Parasites and insect infestations that eat the trunk and make it very weak. 

Thus, individuals started to think about other wood types. Therefore, they imported wood 

from India, specifically from Zanzibar and Africa. For instance, Omani woodwork used 

Indian teak and candlewood, African teak, and a range of African and Indian rosewood. 

Moreover, in Kuwait and Bahrain, we can see the mangrove beams imported from India as 

support in the buildingôs roof. However, local trees in the Arabian Peninsula were used 

strongly in vernacular building construction. For instance, in Saudi Arabia, they utilized 

tamarisk trees (Athel) for doors, windows, and Islamic decoration. Furthermore, in Dubai, 

they used the (Al -Sidr) trees to support the roof (Hawker 2008). 
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Figure 2. 20 A roof supported by palm 

trunks in Al-Jhra fort in Kuwait  ,ϝжмЪ2014( ). 

 

Figure 21 A large door was imported India 

well known for its carving industries. This 

door in Oman. 

Figure 2.22 This piece of trunk a part of tree known as Al-Sidr tree usually, they use 

it to support the roof. The location of this trunk in Wadi sham - Ras-Alkamah -UAE. 

(Hawker 2008). 
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2.3.5- Palm Frond 

The Arabian Gulf is known for the abundance of palm trees, which provide many building 

materials such as woven mat (Hasir), made using woven palm tree leaves. Usually, they 

use (Hasir) to support the roof above the mangrove beams. The palm tree's most common 

materials are the (Areesh), which are palm frond stems tied together to form a mat that was 

fixed to a palm tree trunk framework to make a standard wall. During the 19th century, 

wealthy individuals usually built their homes using stone, mud bricks, and coral. On the 

other hand, people with low incomes usually build their homes using palm fronds, which 

is cheaper than other building materials (Hawker 2008). In fact, Palm tree fronds were 

utilized in a building that was prototyped for a low-cost and energy-efficient home since 

they are weight and easy to construct. (Azim,1997).  

 

 

 

 

 

 

 

 

 

 

 

Figure 2.23 Here you can see the palm tree woven leaves (Hasir) is used in 

the roof construction to hold the wood plates. (Hawker 2008). 

Figure 2.24 A builder is making (Areesh) house using palm frond (Ibrahim,2020). 
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Table 2. 1 Summarises our ancestorôs use of ambient environmental phenomenon and the remarks that 

have been reflected to inform the research methodology. 

Figure 4. 1 NZEHs design steps, showing the energy reduction percentage in each stage.  (Maclay, 

2014).Figure 4. 2 Derived from location of renewable energy generation, defined four types of NZEBs: A, 

B, C and D, (Pless & Torcellini, 2010).Table 3. 1 summary of energy-efficient measures that have been 

discussed in this chapter with some suggestions and limitations. 

 

Figure 4. 3 Derived from location of renewable energy generation, defined four types of NZEBs: A, B, C 

and D, (Pless & Torcellini, 2010).Table 3. 2 summary of energy-efficient measures that have been discussed in 

this chapter with some suggestions and limitations. 

2.4- Remarks  

Like how our ancestors managed to live in the Arabian Gulf's harsh climate, we should 

design our homes in harmony with the ambient environment and climatic change by 

offering a more flexible design and a wised selection of materials that suit our 

environments. Integrating vernacular architectural methods into the design and 

construction of Net Zero Energy Homes could benefit the innovation of energy-efficient, 

sustainable, and culturally rich buildings. By adapting climate-responsive design, utilising 

local materials, and implementing ancient passive techniques, NZEH could attain enhanced 

energy efficiency and sustainability. Table 2.1 below reflects the study remarks on 

informing the research approach.   

 

environmental 

phenomena 
Investigations  Remarks 

Reflection to inform the research 

methodology  

1 Stack Effect 

stack effect is a fascinating phenomenon that 

operates based on the difference in temperature 

and density between the external and internal 

space areas. When the temperature outside is 

higher than inside, the air density outside 

decreases, causing the lighter air around the 

tower to descend into the shaft. This creates a 

continuous flow of air, even without wind, 

making the stack effect a reliable method for 

maintaining a comfortable indoor environment. 

Typically, the significant areas of the home are 

positioned underneath the wind catcher to take 

advantage of the stack effect. 

Our ancestors usually utilised the 

stack effect phenomenon by using 

essential factors. There must be a 

container to preserve the cool air 

and a designated area to focus the 

circulated air. Also, the wind 

catcherôs openings are constantly 

adjusted by wooden plates to 

control the air between winter and 

summer. Those factors must be 

comprehended when designing the 

approach for the NZEH.  

2 
Thermal 

Mass 

On hot days, the giant walls reduce the transfer 

of heat from the outside to the inside. On colder 

nights, some of the heat held in the walls is 

released into the interior rooms via thermal 

mass phenomena, which triggers our actuator to 

use the mud-bricks adobe walls.  

Thicker adobe walls can be used in 

traditional ways to exploit thermal 

mass in modern construction. The 

NZEH approach can use thicker 

walls to test the ability to save 

energy by increasing the wall 

thickness.  

3 
Cross 

Ventilation 

Optimal air velocity is crucial for maintaining 

thermal comfort in hot and humid 

environments, primarily due to high humidity. 

Using wind scoops is an intelligent 

way to make the home breathe, 

especially when humidity requires 
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Below are (Tables 2.2 and 2.3) summaries of the passive cooling techniques and 

construction materials, which were matched with their environmental characteristics, 

advantages, and disadvantages and will  be utilised by combining them with an NZEH in 

this research prototype. Moreover, from a broad perspective, Figure 2.25 shows a timeline 

describing the Arabian Gulf east coast construction and material development between 

(1800 and 1950) from using (Areech) houses to concrete blocks. 

Natural air circulation is dependent on inherent 

propulsive forces. These powers are either the 

stack effect, produced by temperature 

variations, or the crosswind effect, generated 

by changes in air pressure. One example of an 

application is wind scoops, often positioned in 

walls as vents that may cool the interior spaces 

by cross ventilation. 

high ventilation and air velocity.  

Also, in testing the NZEH 

performance, the energy 

simulation program must have the 

ability to test the heat loss that 

occurs from the utilization of 

cross-ventilation. 

4 

The Swing 

in Temp. 

Between 

Day &Night 

Diurnal temperature variation often occurs in 

dry regions. The chilly night air descends onto 

the property's central courtyard, creating a 

refreshing oasis of coolness. The tranquil 

atmosphere of the lake is retained inside the 

courtyard's ground and walls until the late 

morning of the next day, creating a favourable 

environment for sitting and savouring the early 

morning hours. 

The temperature swings between 

day and night in the Arabian Gulf 

region can usually reach 15°C. 

The NZEH design approach can be 

informed by creating a courtyard 

to store the cool night air. As in the 

wind catcher, it is better to 

preserve the cool air by creating a 

container such as a tree or a tent 

structure membrane.  

5 
Underground 

Temperature 

Earth's high-density results in a slow 

temperature change, referred to as 'thermal lag.' 

Hence, the Earth maintains a consistent 

temperature in the basement area, regardless of 

the large fluctuations in external temperature. 

The basement is often populated around 

midday during the summer due to its lower 

temperature than the surface. 

Due to Earth's stable temperature 

in the basement, incorporating 

lower area below ground level in 

the design approach is feasible. 

These places may be used at 

midday when the temperature is 

elevated. Alternatively, it is 

feasible to construct the courtyard 

below ground level.  

6 Shade    

Our predecessors used various methods of 

shadow application, such as strategically 

constructing the passageways between houses 

to maximize shade coverage. Also, shade the 

windows with operable wooden plates. In 

addition, the presence of palm palms in the 

courtyard provides shade and enhances the 

overall thermal mass of the ground and walls. 

In designing the NZEH approach, 

itôs reasonable to include shading 

as a feasible EEMs. Windows can 

be equipped with a shading 

devices to minimize the solar heat 

gain. Also the NZEH courtyard 

can be shade with trees. 
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Table 2. 2 Summary of the passive cooling Techniques which were matched with their environmental characteristics. 

 

Table 2.3 summary of the construction materials matched with their own physical characteristics. 
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Figure 2.25 A timeline describing the Arabian Gulf east coast construction and material development between  )1800-1950(  . 
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2.5- Summary  

The architect or master builder (Banna) has always had many natural ways to offer the 

users adequate climatic comfort despite the harsh desert region conditions. The ancient 

builder has utilised many environmental phenomena through observation and perception 

by utilising the surrounding environment. Such as (Stack Effect) through wind-catchers, 

(Thermal Mass) in the use of massive walls, (Cross Ventilation) through Wind Scoops, 

(Underground Temperature) in the use of the basement, and (The Swing in Temperature 

Between Day and Night) through courtyards. Likewise, by understanding the material's 

physical characteristics, the ancient builder has decided which materials to use in summer 

or winter. For instance, coral stone is preferred to use in the summer because it has a low 

thermal conductivity due to its high porosity. Conversely, mud bricks are used in the winter 

to utilize their high thermal capacity. Nevertheless, locally available construction materials 

were widespread until the Industrial Revolution, which marked the increased use of modern 

techniques and standardised building materials. Modern architecture has given rise to a 

universal architecture that looks alike and is highly dependent on energy consumption. The 

lessons we are given by traditional and vernacular architecture in the harsh conditions of 

deserts' hot-arid-humid zones make us respect our ancestors' imagination and creativity. 

Nowadays, the modern builder has mimicked and evoked some modern technologies and 

measures by following our ancestor's ancient methods, such as insulation, glazing, finish 

materials, and a wide variety of shading devices to improve climatic comfort in internal 

and semi-internal building surroundings. Architects can attain climatic comfort by 

skillfully  manipulating architectural design parameters and using nature abundantly.  
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CHAPTER 3 

 

 

 

 

Energy Efficient Measures and The Concept of Net-Zero-Energy-

Homes (NZEHs) in Hot-Humid Climate 

 

 

3.1- Introduction   

In contrast with how our ancestors interacted with their environment in harmony, as viewed 

in chapter two, especially in designing their shelters, most buildings in the Gulf Region are 

designed with no response to the local climate. Preferably, they rely on active systems to 

surmount the impact of uncomfortable climatic conditions, making them notable 

contributors to high energy consumption and carbon emissions. Therefore, much of the 

obligation to reduce buildings' environmental impact relies on architects, developers, and 

engineers. Building construction should be responsive and adaptive to local climatic 

conditions and ambient environment as our ancestor way of design. Architects and 

developers should consider utilising passive cooling techniques and energy efficiency 

measures in their design, which can reduce the energy needed for cooling, heating, and 

lighting to a figure close to zero as the building becomes an energy generator (Harris, 

2002;Hawker, 2008). A thorough analysis of the improvement of energy-efficient 

measures in residential buildings was conducted by De Boeck et al. (2015). The study 

analysed 78 scholarly articles on energy efficiency in residential buildings across various 

regions worldwide. De Boeck et al. identified five areas of improvement for houses based 

on their evaluation in this study: the building's exterior, heating/cooling and ventilation 
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systems, glazing and shading systems, and other appliances and lights. The route to NZEH 

starts with improving building construction and design quality to decrease energy 

consumption, which depends on implementing specific energy efficiency measures that 

benefit all building types (Cabeza et al., 2020). This chapter will demonstrate some EEMs 

used in hot and humid environments and the concept of NZEHs in general.  

3.2- Appropriate Energy Efficient Measures (EEMs) 

Based on the principle of sustainability, the use of natural resources should be done in a 

manner that ensures their availability for future generations. Most choices in the building 

design process are made at the initial design phase. This implies that buildings should be 

planned and managed throughout their lifespan in a way that minimises energy use. The 

design phase offers the best chance to achieve high-performance structures. An excellent 

approach to minimising home energy consumption involves designing the building 

envelope with Energy Efficiency Measures (EEMs). This results in decreased energy usage 

for cooling purposes. An efficient building envelope may enhance the comfort and well-

being of inhabitants while decreasing the energy used for cooling and lighting (Cabeza et 

al., 2020). This section outlines the applicable Energy Efficiency Measures (EEMs) for the 

Arabian Gulf region, specifically designed to address the hot and humid environment 

prevalent in the area. 

3.2.1- Building Shape and orientation   

During the early phase of an architectural project, decisions are made on the structure's 

core design to reduce heat gain in the summer and heat loss in the winter (Earthscan, 2011). 

These configurations are crucial for the geometry yearly cooling energy needs. By 
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strategically arranging a building form, shape, and orientation to suit the local environment, 

including optimising fenestration arrangement, it can significantly impact the yearly 

energy consumption, with potential reductions of up to 60% (Wiley & Sons, 2009). The 

north elevation is often shaded and does not need specific measures to prevent direct Sun 

exposure. Rooms with more significant internal heat generation may be positioned on the 

northern side of the building, where passive cooling is possible (Kristiansen et al., 2019). 

Exposure to sunlight causes an increase in temperature on the exterior surface, leading to 

a higher demand for cooling systems. A building's architectural configuration determines 

the extent of its exposed surface area, which directly impacts its thermal efficiency 

(Pacheco et al., 2012). 

3.2.2- Wall and Roof Insulation  

Building insulation is crucial for achieving thermal comfort for residents during cold 

winters and hot summers. Insulation mitigates undesired thermal transfer, hence reducing 

heat loss or gain and minimising the energy requirements of heating and cooling systems. 

Thermal insulation in walls and roofs reduces the air-conditioning system's required 

capacity, decreasing the annual energy consumption. Moreover, it aids in extending the 

duration of thermal comfort without depending on mechanical air conditioning. The roof 

is responsible for 60% of heat transportation, according to Soubdhan T et al. (2005). 

Enhanced insulation in buildings increases energy efficiency, resulting in more significant 

energy savings and reduced energy expenses. This has a positive impact on the 

environment by reducing CO2 emissions. Various insulation materials may be used to 

install a new roof or upgrade an old building. The roof and wall insulation is a barrier to 

prevent heat transfer from the outside to the building during the hot months (Aye Lu et al, 
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2015). According to the study, energy savings may range from 22% to 79% when the 

insulation thickness is between 2 and 17 cm (Bolattürk, 2006). However, having a thicker 

outside wall construction is not economically feasible. Still, the long-term decrease in 

running expenses linked to these homes offers economic and environmental benefits. The 

amount of heat passed through a material is governed by its level of thermal insulation. 

The outcome depends on several factors: density, temperature, water vapour, and porosity. 

As to the SBC (2018), the minimum R-values for insulation in air-conditioned houses are 

5 m² k\ w for roofs and 2.92 m² k \ w for walls. The time lag is a crucial characteristic for 

assessing the heat storage capacity of any material. The time lag refers to the period 

required for the heatwave to move from the outside surface to the interior surface (Hasan 

H, 1998). 

3.2.3- Window Shading and Glazing Type 

The design of the external windows, particularly the glass, is a crucial aspect that designers 

prioritise when creating Net Zero Energy Homes (NZEHs) in hot regions. Large windows 

are prevalent in contemporary households, leading to a significant heat transmission rate. 

Simultaneously, windows enable the entry of natural light into a building, thus reducing 

the reliance on artificial lighting and fulfilling some of the lighting requirements in indoor 

areas (Askar et al., 2001). The transfer of heat from the surrounding environment into the 

interior areas of a building via a window is the cause of increased energy usage. 

Approximately 45-60% of the cooling load in a building is caused by heat entering via 

windows when windows make up 20-30% of the wall area. As to the SBC (2018), the 

glazing on walls should not exceed 25% of the total area, the infiltration rate in windows 

shall not go over 1.5 L/s, and the Solar Heat Gain Coefficient (SHGC) should fall within 
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the range of 0.25 to 0.35. The performance of windows depends on the optical and thermal 

properties of the glazing, such as U-value, solar heat gain coefficient (SHGC), and visual 

transmittance (Lee et al, 2013). Oliveira Panão et al. researchers assert that double glazing 

is a very significant energy-saving solution and recommend a thickness of 6/16/6mm, 

based on U-values. Ultimately, the researchers deliberated on the appropriate energy 

consumption threshold for a nearly Zero-Energy Building. They determined that the energy 

demand is heavily influenced by the chosen primary energy indicator, as stated by Oliveira 

Panão et al. (2013), and this might vary significantly across different nations. The North, 

especially in the Gulf zone, provides a scattered, less intensively heated light from the sun. 

Alternatively, divide the south-facing windows into views equipped with solar shade to 

exclude excessive sunlight and daylight windows designed to direct sunlight onto the 

canopy. Daylight windows should be positioned at a higher level on the wall to channel 

light upwards and minimise glare effectively. To provide enough winter heating, it is 

advisable to have windows facing south and a high Solar Heat Gain Coefficient. The 

eastern, western, and southern facades should have responsive sun shading mechanisms. 

External shade components reduce the heat absorbed during the summer, decreasing the 

overall energy consumption of HVAC systems throughout the year (Lechner, 2014). 

Persson et al. (2006) assert that altering the windows' dimensions significantly influences 

energy consumption. Specifically, lowering the size of windows facing south and enlarging 

those facing north impacts energy consumption and the maximum energy load necessary 

to maintain a comfortable interior temperature.  
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Figure 3. 3 This picture was taken by the author for the Keighton Auditorium façade at the University 

of Nottingham on the 12 of March 2021 at 2 27pm the shading device fall to protect the window's 

lower part, which is considered as under-sizing in the design process. 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2.4- Natural Ventilation  

A natural ventilation approach may help solve excess moisture in hot and humid areas 

while also significantly reducing the HVAC system's yearly energy consumption, which is 

essential on the path to NZEBs (Sudhakar, 2019). High air velocity is essential for thermal 

comfort due to humidity in hot and humid conditions. Natural air circulation relies on 

natural propelling forces. These powers are either the stack effect, caused by temperature 

differences, or the crosswind effect, caused by changes in air pressure (Kristiansen and 

Wang, 2019). Wind and stack driving forces play an essential part in air circulation. Wind 

cross ventilation introduces air into a building by pressure variations between its inlets and 

exits. When the Wind reaches the building's windward face, where a high-pressure positive 
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region starts, this strain drives air inside and across the structure. Consequently, an 

unfavourable pressure zone forms on the downwind sides. This results in air transfer from 

the higher-pressure region to the lower-pressure area, a phenomenon known as the wind 

effect. The Stack effect, buoyancy-induced ventilation, results from vibrations between 

inside and outside air temperatures. Because warmer air has a low density owing to density 

layers, it rises to exit the building via high-level fenestrations. In contrast, cooler outside 

air, which has a greater density, replaces it through building inlets or infiltration. Stack 

effect phenomena are determined by the stack height and temperature differential, which 

impact air density and act as a driving force (Bhamare et al, 2019). Thus, combining them 

is a valuable approach for improving thermal comfort. It is critical to prevent any 

potentially harmful consequences of this combination. For example, when they push 

airflow in opposing directions (cabeza et al, 2020). 

 

 

 

 

stack effect Wind effect Mechanical 

intervention  
Figure 3. 4 Types of pressure that cause air infiltration/exfiltration (stack pressure, wind pressure, fan 

pressure) (Anas Al-Homsi et al, 2017) 
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3.2.5 ï Daylighting   

Natural lighting is essential when designing an NZEH due to its impact on energy 

conservation and health advantages. In the initial design stage, reducing daylight 

advantages and redirecting to artificial light reliance can increase buildings' annual energy 

consumption (Li & Lam, 2001). Artificial lighting systems are announced to consume 

around 25% of the total electricity used in commercial buildings (Bleeker NC, 1993). 

Therefore, the designer should focus more on engaging reasonable daylighting amounts in 

the building and reducing reliance on artificial light. The daylight amount profoundly relies 

on the elevation adjustment, the fenestrations proportions and position, and the building 

envelope's environmental light transmission properties' (Hausladen, et al., 2008). Natural 

light reaches our buildingsô spaces in two primary forms: direct sunlight that arrives 

entirely from the sun in a pure sky and diffuses light from the sky, distributed due to 

condensation or particles in the air. Direct sunlight generally leads to significant alterations 

in luminance and immediate glare. However, heat gain through windows can be 

Figure 3. 5 Airflow movements and pressure distributions in Maoôs study about HRR buildings. There 

is no restriction to vertical (floor to floor) air circulation through the building interior (Mao, 2015). 
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problematic since light and heat are two sides of the same coin. Spread daylight is 

significantly lower in heat gain than direct light. Therefore, it is favoured for thermal 

comfort, yet it can only be targeted over small spaces and gives low luminance. 

Environmental aspects such as solar altitude and sky clearness affect the illuminance, 

colour, brightness, and daylight amount (Szokolay, 2008). Many studies have informed the 

benefits of natural daylighting. A study on using the Ideal Window Area concept in 

combination with daylight integration to estimate the energy-saving potential. The data 

demonstrates that smaller rooms have reduced energy usage because of decreased solar 

heat gains, leading to savings on artificial lighting (Ghisi et al., 2005).  

3.2.6 ï Wall and Roof Reflectance   

Wall coverings that can reflect solar radiation and release heat may lower the surface 

temperatures of building exteriors, reducing the amount of energy needed for cooling. 

When exposed to the surrounding air, things' solar reflectance and thermal emittance 

significantly impact their temperature. Solar Reflectance is the proportion of solar energy 

reflected by a surface, either as a numerical value ranging from 0 to 1 or as a percentage. 

As the value increases, the surface reflects solar rays more effectively. Thermal emittance 

refers to the amount of heat an object receives and releases. It is expressed as a numerical 

Figure 3. 6 Potential for energy savings (%) on artificial lighting when using the Ideal Window Area 

concept combined with an outdoor illuminance of 5000 lux (Ghisi et al, 2005). 
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value ranging from 0 to 1 or as a percentage. The higher the rating, the more efficiently the 

roof releases heat. Another indication exists that quantifies the surface's ability to withstand 

solar heat. For most construction uses, the thermal emittance of a surface is typically higher 

than 0.8-0.85, except for metallic components like aluminium shingles. The thermal 

emittance of a roof or wall component is primarily influenced by the characteristics of the 

layer when it is subjected to solar radiation (R. Paolini et al., 2017). The Solar Reflectance 

Index (SRI) quantifies a surface's ability to repel solar heat and is determined by the 

combined values of reflectivity and emittance. Standard black is characterised by a 

reflectance of 0.05 and an emittance of 0.90, whereas a typical white has a reflectance of 

0.80 and an emittance of 0.90, resulting in a value of 100. According to Zinzi (2016), 

increasing the solar reflectance of the walls of a residential building in the Mediterranean 

climate by 0.1 may lead to energy savings of up to 2.9 kWh m-2 and a drop in interior 

temperature of 1.1 °C for buildings that are not air-conditioned.  

3.2.7 ïHVAC system efficiency  

Heating, ventilation, and air conditioning (HVAC) systems are among the most energy-

intensive components of buildings (Vahid Vakiloroaya et al., 2014). To measure energy 

efficiency, a collection of indicators must be defined, evaluated, and examined (Luis Pérez-

Lombard et al., 2012). The Coefficient of Performance (COP) represents the energy 

efficiency of a single heat pump and is defined as the ratio of heating and electric power 

numbers. Similarly, at the cooling stage, the Energy Efficiency Ratio (EER) is defined as 

the ratio of cooling capacity to electrical power input. Climate factors influence both the 

COP and the EER. For example, the EER drops when the inside temperature is lower than 

the external temperature. HVAC system operating hours are often scheduled at seasonal 
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intervals. For example, during the cooling season, these circumstances account for just a 

few hours of usage. Similarly, the heat pump functions at half load, lowering the external 

air temperature. Two seasonal performance indicators have been created to assess HVAC 

system efficiency; they incorporate numerous test circumstances with varying cooling 

loads and external temperatures. The seasonal coefficient of performance (SCOP) is used 

during the heating stage, and the seasonal energy efficiency ratio (SEER) is used when 

cooling. They represent the ratio of seasonal cooling demands to seasonal power usage 

(KUNDOC, 2011). HVAC labelling is a widely established regulation aimed at improving 

HVAC system efficiency. The Saudi Standards, Metrology, and Quality Organisation 

(SASO) has issued new Energy Efficiency Labelling rules for electrical and electronic 

equipment.  

Before entering the Saudi market, manufacturers and importers must ensure that their 

products fit the new regulations. In 2014, the Saudi Customs Authority set Saudi standard 

standards for energy label requirements and minimum energy efficiency constraints for air 

conditioners. Customs officials said the infringing air conditioners would not be imported 

as of that date, and the Ministry of Trade and Industry would not permit their sale 

(albawabah, 2013). According to the Saudi Energy Efficiency Centre, recommended air 

conditioners have an EER of 13 or above.  

3.2.8 ï Thermostat Setback.    

The primary purpose of a home thermostat is to regulate the operation of domestic heating, 

ventilation, and air-conditioning (HVAC) systems. It emerged in the late 19th century to 

meet the need for a more organised and automated way to adjust indoor air temperature. A 
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conventional thermostat maintains an equilibrium between the current indoor temperature 

and a desired temperature setpoint to regulate the HVAC equipment's functioning (Ben-

Nakhi, 2002). Roughly 50% of residences in the United States remain unoccupied 

throughout the day. Furthermore, 42% of homeowners tend to lower the heating 

temperature setpoint to preserve energy and decrease their electric costs while away from 

home (Peffer et al., 2011). In their research, Meier et al. (2011) found that most users, 

namely 90%, seldom changed the thermostat to establish a programme for holidays or 

weekdays. The Saudi electric company has proposed adjusting the temperature to a 

reasonable level of 25 degrees Celsius to minimise the disparity between the room and 

target temperatures (SEC, 2014). According to Malinick (2012), users often suggest that 

implementing a well-designed thermostat programme may result in significant savings of 

10% to 30% in their electricity expenditures.  

3.2.9ï Thermal Mass (Adobe Walls)    

In chapter one, it was shown that our ancestors successfully adapted to the intricate 

circumstances by using skills derived from their surroundings. Constructing large walls in 

their homes was one such strategy. The primary feature of the Adobe wall is its exceptional 

thermal capacity, which enables it to absorb and emit heat efficiently. During the drying 

process, water evaporates off the material's surface, resulting in heat loss in the form of 

latent heat. This causes a decrease in the surface temperature. The temperature difference 

between the surface and the building layers causes heat to flow from the outside towards 

the surface. Externally, the energy required to facilitate the drying process may be supplied 

by both sun intensity and the temperature difference between the surface and the 

surrounding environment, resulting in heat penetration towards the surface. However, the 
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heat conductivity of Adobe walls is an essential metric. Their moisture content significantly 

influences the thermal conductivity efficiency of adobe bricks. In addition, the presence of 

water in Adobe has latent heat effects, which alter both the material's ability to transmit 

heat and its capacity to store heat (Parra, 2005). Various research investigating the impact 

of thermal mass on decreasing building energy use and interior temperature has shown a 

significant effect. In their investigation, Kuczyznski and Staszczuk successfully decreased 

the average internal temperature during the August heatwave by enhancing the thermal 

mass of the two single-family homes. The temperature decreased by 2.8±0.34ºC, with the 

most significant decrease occurring at the day's peak, reaching 3.4ºC. The building's 

thermal mass's cooling effect remained consistent over the 14-day heatwave, with just 

slight daily fluctuations.  

3.2.10 ï Phase Change Materials   

A hot-humid environment with regular diurnal temperatures throughout the year provides 

a year-round opportunity to use phase change materials (PCMs) for construction 

applications. Phase change materials (PCMs) may harness the latent heat received or 

emitted during their phase shift, allowing them to store thermal energy. This makes PCMs 

an energy-efficient solution. When integrated into buildings, Phase Change Materials 

(PCMs) can absorb surplus heat, creating a more consistent and pleasant interior 

temperature. Therefore, energy saving may be achieved by reducing the anticipated heating 

and cooling demand (Cao et al., 2019). Several researchers have investigated using phase 

change materials (PCMs) to improve the interior environment of buildings and reduce 

energy usage. By using phase change materials (PCM) on the inner surface of the building 

envelope, a government educational facility was retrofitted, resulting in a significant 11.7% 
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reduction in summer energy consumption and a notable gain of 215 hours in summer 

comfort, as shown in recent research conducted by Ascione et al. (2019). In addition, Sun 

et al. obtained an annual average energy conversion rate of up to 23.1% by incorporating 

microencapsulated phase change material (PCM) on the walls of the building (Sun et al., 

2016). However, the fluctuation in temperature between day and night may restrict the 

performance and efficiency of the Phase Change Materials (PCMs) (Al-Absi et al., 2020). 

Thus, PCMSs must exhibit consistent fluctuations to facilitate a daily cycle of melting and 

freezing of PCMs (Khadiran et al., 2016). Choosing the transition temperatures 

meticulously is crucial to complete the whole thermal cycle. In addition, the efficacy of 

natural ventilation may be recognised in high thermal mass structures. Thus, integrating 

phase change materials (PCMs) with natural ventilation may effectively retain the 

overnight coolness and reduce the peak temperature the following day (Solgi et al., 2019; 

Kubota et al., 2009). 

 

 

 

 

 

 

Figure 3. 7 Phase Change Materials complete melting-freezing cycle (thermtest, 2020). 
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3.2.11 ï Green Roof    

 Green roofs have recently gained popularity as an effective method for incorporating 

vegetation into urban areas and structures. Recent technical advancements have 

significantly improved the flexibility and efficiency of green roof construction, enabling 

its integration into almost any project. Contemporary green roofs often have many levels. 

These components, such as plants, filters, drainage elements, root barriers, insulation, and 

waterproofing membranes, may be combined in green roofs to suit the individual climate 

and requirements (K. Vijayaraghavan, 2016; Hashemi et al., 2015). Green roofs may be 

classified into two categories, intense and extensive, depending on the thickness of the 

substrate layers. Green roofs with a thin substrate covering less than 15 cm are classified 

as extensive green roofs. When the substrate has a greater thickness (20ï200 cm) under 

different circumstances, it is classified as an intense green roof. Most research on the 

impact of green roofs on lowering building energy consumption has shown a negligible 

effect compared to other energy-efficient strategies. According to Fantozzi et al., installing 

a green roof is not necessarily the most effective method to reduce energy consumption in 

a building, especially when using highly insulated clay tile as a roof finishing. The findings 

indicated that the highest summer HVAC system use reduction was 0.72 kWh/m2.  In 

addition, Fantozzi et al. state that the quantity of water present in the soil of green roofs 

has been shown to have a substantial impact (Fantozzi et al., 2021). In their study on the 

evaluation and potential of green roofs and walls as a means of reducing extreme heat in 

Qatar, Andric et al. found that using 5 cm expanded polystyrene in combination with 

energy-efficient windows was significantly more effective than implementing green walls 

and roofs in the same climate conditions. Applying this combination resulted in a 30% 
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reduction in energy consumption, compared to a mere 0.3% reduction achieved by green 

walls and roofs (Andric et al., 2019).  

 

 

 

 

 

 

 

 

3.3- The Design Concept of (NZEHs)  

Net-zero-energy houses (NZEHs) have gained popularity in the construction industry as an 

appealing approach to reducing building energy usage. The concept of a self-sufficient and 

energy-autonomous system, famous for applications in harsh environments, has been 

extended to residential structures. ' zero-energy home' (ZEH) refers to residential structures 

that use no net energy and emit no carbon dioxide (CO2). However, there is no widely 

accepted definition of ZEHs in the literature. Various definitions have been proposed, each 

with its unique criteria. For instance, Orben V. Esbensen (1977) described an experimental 

zero-energy home in Denmark that was planned to be self-sufficient in terms of space 

heating and hot water consumption due to Denmark's steady climate. In a study of zero-

energy houses in the Netherlands, Gilijamse (1995) defined a zero-energy house as one 

Figure 3. 8 The green roof construction and layers component according to 

Insulation Corporation of America. 
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Figure 3.9 Derived from the location of renewable energy generation, four types of NZEBs 

are defined: A, B, C and D (Pless & Torcellini, 2010). 

that does not utilise fossil fuels and whose annual electricity consumption equals its annual 

electricity output. Khan (2004) presented a more extensive definition of the ZEH idea, 

stating that a 'zero energy home' is a geometry that optimally integrates existing renewable 

energy technologies with energy-efficient building practices. Torcellini et al. (2006) define 

a balanced household with significantly reduced energy demands through efficiency 

balance by supplying energy needs with renewable technologies. On the other hand, 

NZEHs can be defined based on renewable energy generation sources. This definition 

divides the NZEB into four types (A, B, C, D), driven by on-site or off-site renewable 

energy generation. This sorting system distinguishes type A as when the building generates 

the energy within its footprint, while B generates the energy within its site. On the other 

hand, C&D uses off-site renewable energy to purchase from other resources. 
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Figure 3.10 NZEHs design steps, showing the energy 

reduction percentage in each stage.  (Maclay, 2014). 

3.3.1- (NZEHs) Design Components  

It is generally agreed that in Zero Energy Homes (ZEHs), off-site renewable energy 

production may be used if the on-site renewable systems are ineffective or insufficient to 

meet the energy needs. A crucial element of a Zero Energy Home (ZEH) is reducing energy 

requirements before implementing any renewable energy solutions.  (see Figure 3.10).  

 

 

 

 

 

 

 

 

This reduction is met through coupling suitable sustainable design features and energy-

efficiency measures (Pless & Torcellini, 2010). From various studies, ZEBs involve two 

main strategies: minimising the demand for energy use in buildings through EEMs (energy-

efýcient measures) and utilising RETs (renewable energy technologies) to cover the 

remaining energy needs. It is preferred to begin with passive energy-saving parameters 

before considering utilizing the active measures from a feasible aspect. These energy 

efficiency parameters should be selected based on cost-effectiveness, considering design 

factors like the houseôs type, size, and location. In addition, the house site should be 
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investigated at early design stages to determine the potential for renewable energy and to 

select the appropriate technologies. (sartori et al, 2012; Li, Yang, et al. 2013; Sudhakar, 

2019 Cabeza et al, 2020). Moreover, the efficient design of net-zero energy buildings 

requires the application of some key concepts, which can include the integrated approach 

to energy efficiency, passive design, renewables integration, the design of the building with 

a realistic operation approach, and solar optimisation, which requires the optimal design of 

building orientation to enable the maximum capture of solar energy (Athienitis & william 

2015.). 

 In addition to the active and passive measures, Alkhateeb (2019) has mentioned one more 

critical measure: user behaviour. As Picard (2020) et al. state in their study, individual 

consumption behaviour plays a significant role in the robustness of a ZNE home's energy 

performance; the annual energy simulation results of a single Californian family ZNE 

house showed a decrease of 23ï38 percent for occupants with energy austerity behavior 

and an increase of 120ï130 percent for occupants with energy reckless behavior. Likewise, 

Thomas (2013), with his prediction model that he made by gathering and analyzing the 

energy consumption data of 20 ZNE houses over 12 months, the research found that factors 

such as tenant behaviour, additional equipment, and mechanical concerns significantly 

influenced individual energy consumption outcomes. It is essential to conduct extensive 

public awareness campaigns to educate folks about the need for energy conservation. Taleb 

(2009) discovered a correlation between lack of information, risky behaviour, and 

increased energy squandered and building cooling load. Many Net Zero Energy Homes 

(NZEHs) have common design elements. These features include a well-insulated structure, 

energy-efficient lighting, advanced heating, ventilation, air conditioning (HVAC) systems, 
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and efficient household water heating equipment. The next step is developing a system for 

generating electricity in the building. 

 In addition, using passive cooling and heating solutions will reduce the burden on the solar 

panel system. For example, one design strategy is to orient the long axis of the house from 

east to west to optimise the exposure to the south. Additionally, shading devices on the 

exterior and interior may effectively shade the southern windows. Another potential 

strategy is to include thermal mass in the design, which can absorb heat and assist in 

regulating temperature variations. When developing a Net Zero Energy Home (NZEH), a 

key consideration is whether it is more cost-effective to reduce the house's energy use or 

increase on-site energy production. Anderson et al. explain the least-cost approach for 

determining the most economically efficient combination of energy efficiency measures 

and renewable energy output to reach a net-zero stage (Thomas, 2013). 

 

3.3.2-Previous Work  

There is a large body of published literature on NZEHs. Only relevant publications that can 

benefit this research at the design stage of a typical NZEH for the selected case study have 

been reviewed in this thesis. The considered publications provide a thorough basis for 

constructing Net Zero Energy Homes, including valuable information on optimal 

framework, innovative technology, economic factors, and code compliance. The reason for 

reviewing those publications is to help inform this research methodology and structure the 

wide prospective research approach.  Among these publications include the following: 
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Figure 3.11 ReStart4Smart ZEH design strategies.  (Casini 2020). 

¶ Casini-2020 

ReStart4Smart, a sustainable dwelling in Dubai, UAE, has achieved a net positive energy 

status, surpassing the UAE's highest known energy efficiency method by more than 100%. 

With an Energy Use Intensity (EUI) of 43.9 kWh/m2/yr., the residence is a shining example 

of the potential of ZEHs. The PV production system's Net Energy Use Index (n-EUI) is 

161 kWh/m2/yr., meeting almost double the energy demands of the whole home under 

normal circumstances. Moreover, photovoltaic (PV) output exceeds the energy 

consumption of heating, ventilation, and air conditioning (HVAC) by more than fourfold. 

The analysis of official monitoring data revealed that the prototype is an energy-efficient 

house, producing more energy than it consumes (see Figure 3.11). This success story of 

the ReStart4Smart project inspires optimism about the potential of ZEHs. (Casini, 2020). 

Casini's research demonstrated that the UAE's surplus energy generated by residential solar 

panels can offset any rise in human consumption, particularly during summer when HVAC 

system use escalates see Figure 3.12 for the ReStart4Smart geometry design features. 
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Figure 3. 12 ReStart4Smart geometry design features.  (Casini 2020). 

 

 

 

 

 

 

¶ Alkhateeb-2019 

Alkhateeb conducted a study to evaluate the feasibility of converting an existing office 

building to achieve net-zero status. Alkhateeb utilises several passive and active methods 

appropriate for the UAE environment to accomplish the NZE objective, including 

integrating various grid-connected solar (PV) systems. He employed (IES-VE) building 

energy modelling software to assess the impact of all applied measures on lowering power 

usage to identify the best scenario before deploying PV systems (see Figure 3.13). 

According to Alkhateeb's research, active measures are more effective than passive ones 

in lowering energy consumption. Passive parameters cut power usage by 14.7%, while 

Figure 3.13 Different strategies for installing PV panels and shading elements using (IES VE ModelIT) 

(Alkhateeb, 2019) 
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active measures decreased demand by 63.2%. A PV system matched the lower energy 

consumption, resulting in a Net Zero Electricity Building (Alkhateeb, 2019). According to 

Alkhateeb's prototype, it is crucial to prioritise active techniques to achieve the net zero 

stage. However, it is essential not to overlook the passive measure while designing the 

study approach. 

¶ Belpoliti et al-2019 

A study managed to help the UAE utilise the passive cooling technique in a hot climate. 

The study was performed early, starting with the design process by selecting the orientation 

and construction materials and designing the passive cooling technique. The intended 

scheme examined and reinterpreted the initial Emirati dwelling's conventional techniques 

and typological design, updating them with contemporary design methods. The prototype 

has some new design approaches like the S/V (surface to volume) ratio is frequently 

adopted to evaluate the envelope's passive performance regarding heat loss. Another 

approach is that the house is equipped with portable partitions to allow flexibility and 

maximization of space, resulting in creating a (buffer zone) (see Figure 3.14), which leads 

to a reduction of the cooled volume and, consequently, a possible energy-saving. To help 

validate the geometry shape, the CFD analysis program is used mainly to analyze the 

environmental air-/wind-flow regarding any modeled object in a confined space, resulting 

in an innovative windcatcher (belpoliti et al 2019). The use of flexible space size design 

and spacing modification leads to a reduction in residential energy usage. The approach 

may be elucidated here: By altering the HVAC cooling zone, the house may decrease its 

cooling demand. 
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(a) 
 

(b) 
 

Figure 3.14 (a) The innovated windcatcher and (b) the buffer zone concept (belpoliti et al 2019) 

Figure 3.15approach of the adopted passive cooling design strategies (Taleb, 2014). 

 

 

 

 

 

¶ Taleb-2014 

Recent research in the UAE sought to assess the practicality of using specific passive 

cooling methods to improve thermal efficiency and decrease energy use in residential 

buildings in hot desert climates, namely in Dubai, The United Arab Emirates. An actual 

case building was chosen in this inquiry, and eight passive cooling solutions were used (see 

Figure 3.15). The IES program served as the primary simulation tool. Using such passive 

cooling solutions reduced the cooling load by 9%. The yearly energy usage decreased by 

23.6%. To conclude, as shown by Taleb's study, using vernacular passive cooling tactics is 

beneficial in reducing the building's overall cooling load and energy consumption.  
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Figure 3.16 Model and þoor plans for virtual house.  

¶ Alrashed 2015 

Alrashed (2015) conducted excellent research on the applicability of ZEHs in Saudi 

climates, comparing several ZEHs established throughout the globe under similar climatic 

circumstances. According to the results, Saudi virtual houses consume nearly twice as 

much electricity as their international counterparts due to size and type of dwelling, 

occupant behaviour, poor building construction energy efficiency, and domestic equipment 

and appliances. Airshed stated that the Saudi climate does not prevent using ZEHs in the 

area (see Figure 3.16). Ultimately, This research demonstrated the need to acknowledge 

our distinct consumption patterns in the Gulf area. The area's distinctive severe climate also 

amplifies cooling energy costs throughout the summer. 

 

 

 

 

  

 

 

 

¶ Aldossary-2017 

The research was able to build low-cost sustainable energy prototypes in Saudi Arabia. The 

three prototypes were created with the Saudi climate, culture, and occupancy needs in 

mind. This prototype utilizes passive cooling tactics and renewable energy technologies to 

produce a low-energy stage that meets international standards. Based on IES-VE analysis 
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Figure 3.17 Benchmarking Energy Consumption in kWh/m2 with international 

standards (Aldossary, 2017) 

data, the prototypes achieved an EUI of 98-77 KWh/m2, meeting the worldwide standard 

of low-energy dwellings (see Figure 3.17).  

 

 

 

 

 

 

 

 

 

¶ Alfaris, Juaidi, et al-2017 

A research was undertaken in Riyadh, Saudi Arabia, focusing on smart home technologies 

and the impact of using renewable energy to enhance energy performance in relation to the 

energy benchmark. This case study shows that implementing an intelligent home system 

effectively enhances the house's ability to function as a net-zero energy building. The 

intelligent net-zero energy home consumes 78 kWh/m2 per year, whereas the baseline 

energy consumption index of ASHRAE 100-2015 is 107 kWh/m2/year. These 

advancements result in a 37% reduction in energy consumption compared to the ASHRAE 

standard for single-family villas (see Figure 3.18).  (Alfaris, Juaidi, et al. 2017).  
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Figure 3.18 Utilizing solar energy on the roof of the studied home resulting in reducing the annual 

energy consumption Alfaris, Juaidi, et al. 2017. 

To conclude, home automation might be implemented in a Net Zero Energy Home (NZEH) 

context. According to this research, implementing this approach allows for effective 

management of energy use in the home, resulting in a decrease in energy consumption by 

up to one-third of the average energy expenditure. 

 

 

 

 

 

 

 

 

 

¶ Lan, wood et al. -2019 

A study in Singapore focused on designing a holistic approach for an NZE residential 

apartment building (see Figure 3.19). The design stage consists of two main phases; the 

design begins with Applying some considerations like passive techniques, optimising 

daylighting, and natural cooling time. At the same time, the other stage focuses on 

optimising energy performance  with the application of renewable energy and life cycle 
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cost. The installation of solar panels for apartment buildings illustrates that with solar 

panels covering the roof and part of the cladding, the energy consumption of up to 19 þoors 

can be met. In the end, while it is feasible to build a net-zero energy landed house, it is 

challenging to achieve net-zero energy for apartment buildings. (Lan,wood et al. 2019). 

 

 

 

 

 

 

Deng et al. -2011 

The energy balance simulation result, employed as the primary research method of an 

NZEH model in Shanghai, shows that electricity generation for solar panels can meet the 

model's demands. Indoor comfort results show that the Shanghai model's temperature 

comfort can be met even under hot, humid weather. Nevertheless, humidity comfort 

demand needs customised energy concept design schemes (see Figure 3.120)., such as 

dehumidiýcation devices (Deng et al., 2011). In the end, This research demonstrated that 

the Gulf region's hot and humid weather does not obstruct the implementation of the idea 

of Net Zero Energy Homes (NZEH). However, it is possible that the residence needs a 

dehumidification apparatus in order to provide optimal thermal comfort.   

 

Figure 3.19 Floor plan of one þoor, þoor plan of one unit, and 3D model of apartment building 

Lan,wood et al. 2019. 
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Figure 3.20 Shanghai model's comfort temperature is met even under hot-humid weather. 

 

 

 

 

 

 

¶ Feng-2019 

A comprehensive investigation examined NZEBs and their present progress in hot-humid 

environments. The research examined 34 instances of Net Zero Energy Buildings (NZEB) 

from various locations worldwide. It analysed the design methodologies, the selection of 

appropriate parameters, and the energy performance of these buildings. The research 

discovered that NZEBs in hot and humid areas often use passive design and choose features 

like daylighting and cross-ventilation. These strategies are combined with additional 

energy-efficient and renewable energy measures. Most NZEB examples exhibited an 

annual energy consumption below 100 kWh per square metre of floor area at the site. 

Furthermore, several buildings achieved a net-positive energy status (Feng, 2019). To 

conclude, Feng's review study on Net Zero Energy Homes (NZEHs) revealed that the 

majority of the homes analysed prioritised energy-efficient measures throughout the design 

process, resulting in a low energy consumption state of about 100 kWh/m2/year. 

Subsequently, renewable energy was harnessed to achieve the Net Zero Energy (NZE) 

level. 
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¶ Rodriguez-Ubinas et al-2014 

 Passive design strategies play a crucial role in optimising building comfort conditions, 

enhancing energy efficiency, and reducing energy usage in NZEBs. A study by Ubinas et 

al. on Net Energy Plus Houses demonstrated the effectiveness of these strategies. The 

research included an analysis of the thermal characteristics of the building envelope, design 

parameters, ratios, and supplementary passive measures (see Figure 3.22). The results 

highlighted the significant impact of passive design strategies on the comfort and efficiency 

of homes, ultimately contributing to the achievement of the Zero Energy Buildings stage 

(Rodriguez-Ubinas et al., 2014). 

 

Figure 3.21Design features and building technology choices of the NZEB cases Feng, 2019. 
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¶ Kristiansen et al, 2019 

The Kristiansen et al. study has taken steps toward achieving net zero buildings (see Figure 

3.23). Kristiansen et al. technologies are focused on residential ZEBs, which are suitable 

for transportable modules. Kristiansen et al. conclude that O-grid buildings make 

responding to what ZEB implies to the public easier. It clarifies that net-zero energy must 

be achieved in actual operation and include all the energy requirements (see Figure 3.24), 

especially plug loads. (Kristiansen et al, 2019). This research demonstrated the need to 

evaluate human consumption behaviour in practical settings, mainly when people 

consistently use their HVAC system. 

 

 

 

 

Figure 3.22 Buildingsô 

passive and hybrid 

solutions Rodriguez-

Ubinas et al. 2014. 

Figure 3. 23 Planning Steps Contribute towards zero energy building Kristiansen at el, 2019) 
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3.4-Remarks  

Since the residential building industry has become a primary source of energy consumption 

worldwide, energy efficiency in the built environment has become a topic of interest to 

many architects and engineers. Energy efficiency conserves energy use and mitigates GHG 

emissions, influencing annual energy consumption and indoor thermal comfort. The path 

toward energy efficiency in buildings can be obtained through measures that vary in their 

ability to influence the cooling load demand. For instance, HVAC systems with a higher 

Energy Efficiency Ratio significantly reduce the building cooling load demand by more 

than 30%. On the other hand, as multiple studies have shown, green roofs are not a feasible 

measure to utilize in a hot climate because they have a minimal impact on reducing building 

cooling load, need a previous structural calculation, and must be irrigated during the year.  

The choice of exterior materials, particularly glass, has a considerable impact on the 

building's energy demand owing to their dynamic and physical character, as well as their 

multi-layered roles regarding heat gain, solar gains, ventilation, and lighting. In the hot 

environment of the Gulf area, where solar radiation is abundant, solar heat uptake via 

Figure 3. 24 Modular o-grid ZEB made from shipping container modules 

Kristiansen et al, 2019) 
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Table 3. 2 summary of energy-efficient measures that have been discussed in this chapter with some suggestions and limitations. 

glazing may reach up to 85% of incoming radiation. As a result, window and glazing 

characteristics have a greater influence than wall measures on energy savings and thermal 

comfort. In terms of physical glazing characteristics, research have shown that the SHGC 

has a greater influence than the U-value on energy consumption and thermal comfort since 

it represents the amount of solar radiation that penetrates through windows. Another 

important aspect is window size, since heat intake from the sun rises proportionally with 

window area, impacting cooling demand. (see table 3.2). Summaries of the energy-efficient 

measures have been discussed in this chapter. 
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Even though Gulf residential buildings use almost twice as much power as their 

international counterparts, the majority of the NZEHs discussed in earlier research have 

successfully achieved zero-energy status via the implementation of active and passive 

measures. Most of the examples started the design phase by improving the quality of the 

building envelope. They subsequently implemented passive measures such as cross-

ventilation and the stack effect using windcatchers and shading devices. Figure 3.25 

provides a summary of the net zero options from prior research, which have been 

categorised into three primary divisions: passive approaches, building efficiency 

enhancements, and renewable energy sources. Each primary element has a secondary 

category in order to investigate the parameters in detail and depth.  

 

 

 

 


































































































































































































































































