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Abstract 

 

Our surrounding environment is effected significantly due to the buildings impact which 

is a result of excessive energy consumption. Residential and commercial buildings use about 

40% of the world total primary energy (Pless & Torcellini, 2010). During the years between 

1980 and 2003 the consumption of energy had been doubled and it is still increasing and by 

2025 it is expected to increase even more by 50% (Pless & Torcellini, 2009). Therefore, many 

countries already started to take actions regarding that. Taking into consideration one city, 

during the spectacular evolution of Dubai, many improper activities that have a negative 

effect on the environment had been spread between almost all sectors. Activities such as 

transportation, construction and daily routine habits had been attached by practices that have a 

detrimental impact on the surrounding environment. The excessive irreverence by consumers 

due to lack of awareness, led the governments and the associations in charge to take actions to 

prevent the aggravation of this phenomenon. Therefore, various regulations had been set to 

limit various problems in order to restore the order and aware people about the risks and the 

consequences of their improper habits. Recently, Dubai Municipality is finalizing a green 

buildings rating system called ‘AL SA’AFAT’, this rating system is divided into four 

certificates which are; bronze, silver, gold and platinum. 

Moreover, a city like Dubai that grows very fast may need better solution than green 

buildings. Since buildings have a huge impact on the surrounding environment, minimizing 

this impact as much as possible should act as an option for Dubai. However, many different 

countries already set their roadmaps to reach their targets for nearly Zero Energy Buildings or 
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Net Zero Energy Buildings in order to participate in improving the energy performance and 

building efficiency of new buildings.  

Therefore, this research aims to push existing villas in Dubai into nearly Zero Energy 

Building passing through ‘AL SAFAT’ rating system. The main challenge was to build a 

computer model for an existing villa taking into consideration the design, construction 

materials, orientation and exact location using IES-VE software. After analyzing the 

performance and making sure of matching the current situation of the villa using the software, 

implementing the requirements of ‘AL SA’AFAT’ rating system level by level comes next. 

This procedure showed a huge reduction in energy consumption that actually reached 61.1% 

when comparing the existing situation of the villa with the bronze level which is the lowest 

level in ‘AL SA’AFAT’ rating system. While the process of transforming the bronze level to 

silver, gold and platinum showed also reduction in energy consumption as the follow; 63.3% 

and 66%. However, both gold and platinum levels were exactly the same due to the software’s 

capability to absorb the requirements of the levels, were only the common requirements were 

able to be applied in the software. Eventually, the process of pushing the villa into nearly Zero 

Energy Villa using both active and passive strategies showed another huge jump in reducing 

energy consumption were the total yearly energy consumption was very close to zero which is 

0.32 KWh, where the villa is actually considered as nearly Zero Energy Building. 
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 ملخص

 

المباني  نأ أثبتت دراسة المتزايدة. انيبيئتنا المحيطة بنا تتأثر سلبياً يومياً بسبب الإستهلاك المفرط للطاقة من قبل المب

م 2003م و 1980بينما في الفترة الزمنية بين  عالمياً % من إجمالي الطاقة المستهلكة 40السكنية والتجارية تستهلك 

العديد ك بدأت م. لذل2025في عام أن يزداد لأكثر من الضعف تضاعف إستهلاك الطاقة ولا يزال في تزايد ومن المتوقع 

ي الت فرةالطلال خفعلياً بإتخاذ الإجراءات اللازمة بخصوص هذا الموضوع. أخذاً بعين الإعتبار إحدى المدن, من الدول 

لقطاعات. لى جميع اسلبي على البيئة بالظهور تقريباً عالتأثير ال ذاتمرت بها دبي, بدأت العديد من الممارسات السيئة 

لمحيطة. البيئة ا بي علىأنشطة مختلفة مثل النقل, البناء و اسلوب الحياة اليومي أصبح مرتبطاً بممارسات أخرى لها تأثير سل

 ت اللازمةجراءاتهلك بسبب قلة الوعي أدى الحكومات والمنظمات المسؤولة عن إتخاذ الأفالإستهتار المفرط من قبل المس

بين  نشر الوعيتنظيم و عدة قوانين لتقليل هذه المشاكل وإعادةسن وسن القوانين للحد من هذه الظاهرة.  لذلك قد تم بالفعل 

ي يم المبانص بتقيدبي بإصدار نظام السعفات الخا الناس بخصوص مخاطر وتداعيات ممارستاهم السيئة. حالياً, قامت بلدية

 لاتينية.ة والبالخضراء, هذا النظام قد تم تقسيمه إلى أربع فئات تسمى بالسعفات وهي البرونزية , الفضية , الذهبي

ا ني لهلمبااما أن بالإضافة إلى ذلك, مدينة مثل دبي تنمو بشكل متسارع قد تحتاح إلى حل أفظل من مجرد مباني خضراء. ب

هناك  د الحلول.كون أحتأثير كبير على اليبئة المحيطة بها, فإن تقليل تأثيرها السلبي على البيئة بقدر الإمكان يجب أن ي

ل طاقة من أجللتهلاك سالإلطاقة أو عديمة لستهلاك الإالعديد من الدول التي قامت بالفعل بإنشاء خطط لإنشاء مباني قليلة 

 يدة.تحسين أداء المباني الجد

فيها وتقريبه قدر المستطاع ليكون قليل إستهلاك الطاقة لت ث هو دفع فيلا قائمة في دبي لذلك فإن الهدف الأساس من هذا البح

للفيلا القائمة مع الأخذ بعين  الحاسب الآليعن طريق المرور بنظام السعفات . التحدي الرئيسي كان بناء مجسم على  اً صفر

لتحليل أداء المبنى   IES-VEالمواد البنائية, الإتجاه والموقع الجغرافي للفيلا بإستخدام برنامج  الإعتبار مطابقة التصميم,

وإستهلاكه للطاقة. فبعد دراسة أداء المبنى والتأكد من مطابقة المجسم للمبنى القائم قد تم تطبيق متطلبات السعفات سعفة 

% عند مقارنة الوضع الحالي مع  61.1 لنسبةسعفة. هذه العملية أظهرت إنخاض كبير في إستهلاك الطاقة الذي وصل 

يض في إستهلاك الطاقة فأقل سعفة في نظام السعفات. بينما تطبيق السعفات الأخرى أيضاً أظهر تخالسعفة البرونزية وهي 

الذهبية والبلاتينية كانت النتيجة مماثلة  فالسعفتين. % للسعفتين الذهبية والبلاتينية 66% للسعفة الفضية وبنسبة  63.3بنسبة 
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إستطاع البرنامج  فقد البلاتينيةلبات كل سعفة, فبالنسبة للسعفة البرنامج على إستيعاب متط قابلية محدودية بسببوذلك 

إستيعاب المتطلبات المماثلة لمتطلبات السعفة الذهبية. في النهاية, عملية تحويل الفيلا إلى فيلا قليلة إستهلاك الطاقة عن 

الطاقة, أوضح من خلالها أن  طريق إستخدام الإستراتيجيات الإيجابية والذكية أدى إلى إنخفاض آخر كبير في استهلاك

كيلو وات في الساعة مما يعني أن  0.32 قريبة جداً من الصفر ألا وهيمجموع إستهلاك الطاقة في السنة يصل إلى قيمة 

 إستهلاك الطاقة فيه الصفر. قاربقد تم دفعها فعلاً إلى مبنى يالفيلا 
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1. Introduction 

1.1. Overview 

Lately, after witnessing negative environmental impacts in different cities in the world such as 

environmental pollutions, excess energy and water consumption and heat island effect due to 

lack of awareness between consumers, some cities planned to set regulation in order to limit 

these negative impacts. Taking into consideration Dubai city which the research will study in 

details, a regulation that states the mandatory of building "green building" in Dubai has been set. 

Therefore, this research is concern about studying the efficiency and the reliability of this 

regulation on an existing villa. However, a further improvement for the villa will be implemented 

in order to reach nearly Zero Energy Building (ZEB). Therefore, different terminologies, features 

and strategies should be studied in details in order to reach the desirable target of the research.  

1.2. Sustainability 

It is very clear that sustainability become a popular word especially when it comes to 

environmental policies, not among scientist only but even among public. According to (Gatto, 

1995), sustainability has three distinct definitions which are; applied biologist definition, 

ecologist definition and economist definition. The applied biologist definition is related to the 

sustained yields such as sustainable resources that are derived from the ecosystems beside the 

exploitation of consumers. While the ecologist definition is defined as the sustained abundance 

that is derived from the diversity of an individual species in ecosystems such as animals and 

plant while taking into consideration the environmental management such as regulating the 

hunting and fishing besides protecting habitants from lost.  While the last definition which is the 

economist, is related to the sustainable economic development that takes into consideration the 

future generation.  
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1.3. Zero energy buildings 

The concept of Zero Energy Buildings (ZEBs) is not a new one, many literature reviews and 

researches already discussed ZEBs since 1970’s (Hemandez & Kenny, 2010) , but due to lack of 

knowledge and understanding these kinds of buildings, it have  been found very hard to apply 

and implement these studies which unfortunately led to been discarded. ZEBs have many 

different definitions due to the broad field it covers. However, according to (Joanna & 

Heiselberg, 2011) ZEBs has four main definitions which are; net zero energy emissions, net zero 

site energy, net zero energy cost and net zero source energy. Net zero energy emissions is the 

building that is able to produce emissions-free source of energy by an amount that is equal or 

greater than the amount it uses from the  emissions-producing energy sources. While net zero site 

energy is the building that is able to produce energy by an amount that is equal or greater than 

the amount it uses within a year. While net zero energy cost is the building that is able to produce 

energy with a cost to be paid to the building’s owner by the utilities that is equal or greater than 

the cost of the energy used and paid to the utilities by the building’s owner. While that last 

definition which is net zero source energy is the building that is able to produce energy by an 

amount that is equal or greater than the amount it uses while taking into account the procedure of 

producing  or buying  and delivering the power to the building.  

1.4. Passive design strategies 

According to (Rodriguez-Ubinas, et al., 2014) reducing energy consumption of a building is the 

first step to achieve nearly zero energy building (NZEB). However, this reduction in energy is 

related strongly to the passive design strategies used in the building. Passive design strategies 

improve the overall interior comfort such as visual and thermal comfort while reduces the energy 

consumption and ensure the energy efficiency of the building. passive strategies includes various 
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aspects that will be discussed later such as the thermal properties of the building envelop, ratios, 

geometric parameters, thermal energy storage systems, night ventilation, night sky radiation 

cooling, evaporative cooling and solar gains. These passive strategies comply with the European 

Union goals of NZEB (Rodriguez-Ubinas, et al., 2014). 

1.5. Active design strategies 

Recently, active design strategies are trending between architects and engineers, it is believed 

that buildings with active design strategies has less energy consumption and greater energy 

production comparing to other buildings, therefore it is also called “intelligent buildings”. 

According to (Ochoa & Capeluto, 2008), intelligent buildings can reduce building’s dangerous 

emissions if proper strategies have been considered in the early stages of the design especially in 

hot climate regions. However, in some cases it is believed that this energy saving can reaches 

50% to 55% when both actives and passive design strategies are used as a combination in 

buildings (Ochoa & Capeluto, 2008). Moreover, according to (Torcellini, et al., 2006) despite 

reducing the energy consumption in a building, NZEB needs to be supplied by renewable 

techniques. Renewable technologies are available today worldwide including Photo Voltaic solar 

panels (PV), solar water heaters, hydroelectric, wind and biofuels.   

1.6. Overview about Dubai 

Dubai is the second largest emirate in the United Arab Emirates (UAE), it have been settled for 

the first time in May 1933 by 900 peoples from a tribe that called “Bani-Yass” under the 

leadership of Sheikh Maktoum bin Buti from “Al-Maktoum” the royal family of Dubai. At that 

time Dubai was called “Al-Wasel”. Before oil discovery, Dubai economic was based on fishing, 

pearling and sea trade. However, in 1966 when oil was discovered, Dubai witnessed a huge 
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evolution in infrastructure, services, transportation and telecommunications network and became 

Dubai that we lives in now (Wilson, 2006).  

1.7. Dubai’s climate 

Dubai is located in a hot desert climatic zone, due to the Tropic of Cancer line which is crossing 

through the UAE. The weather of Dubai in summer is extremely hot with temperatures that 

exceeds the mid 40’s°C and with humidity over 90%. While the winter has an average of 25°C 

that reaches 12 °C near the coast and 5°C in the desert and mountains with a humidity that 

ranges between 50% and 60%.  The average perception of rainfall in Dubai is low, usually is 

rains about five days a year only (Dubai.com, 2016).  

1.8. AL SA’AFAT rating system 

AL SA’AFAT rating system is a green building rating system that is released recently by Dubai 

Municipality and it is divided into four rating categories which are bronze, silver, gold and 

platinum. This rating system has been released in order to improve buildings performance in the 

city through energy and water reduction, using sustainable and regional materials and improves 

occupant’s safety. This rating system will be implemented in various types of buildings while 

there are some exceptions for specific types, however it also have some limitation especially 

when it conflict with some other regulations such as civil defense regulations (Dubai 

Municipality, 2016). All of these aspects related to AL SA’AFAT rating system will be covered 

in the literature review chapter.  
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1.9. Motivation of the study 

The motivation of the study is to test ‘AL SA’AFAT’ rating system on an existing villa then 

pushing this villa into nearly ZEB. Analyzing the efficiency and the performance of this villa 

while passing through the rating system categories will help configuring the reliability of the 

rating system. However, in case of succeeding in pushing this villa into nearly ZEB, this villa 

can represent a model for other villas in the country and other countries that has the same 

climatic zone. 

1.10. Aims and objectives 

The main aim of the research is to assess the potential of having nearly ZEB villa in Dubai. This 

is to be done while taking into consideration the cost, efficiency, energy reduction and energy 

production on site. Moreover, beside the main aim of the research, there are number of objectives 

that the research is aiming to achieve which are; 

a) Studying the current consumption of energy for a normal existing villa 

b) Testing the efficiency of the green building rating system in Dubai ‘AL SAFAT’ 

c) Adopting techniques that helps reducing energy consumption as much as possible 

d) Adopting techniques that help generating energy\electricity on site as much as possible 

on. 

e) Comparing the energy consumption for the villa before and after implementing ‘AL 

SAFAT’ rating system 

f) Comparing the energy consumption for the villa before and after pushing it to nearly ZEB 
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2. Literature review 

1.1. Introduction 

In this chapter of the research, an intensive literature review will be conducted in order to get 

deeper knowledge and understanding about such terminologies, concept, regulations and design 

strategies.  

1.2. Zero energy buildings 

A study by (Runde, 2015) mentioned that buildings sector are the first highest consumers for 

energy. Moreover, residential and commercial buildings consumes 40% of the United States’ 

enegy and 74% of the electricity. Since energy is often considered as the largest controllable 

opertaing expenditure for a building, owners and investors can reduce these expenditures through 

a well design and operation concept. According to (Runde, 2015), NZEB is the building that use 

enegy over the year as much as it generates on site using renewable sources.. While (Torcellini, 

et al., 2006) defined ZEB as the building that can achieve the requirements of having 

nonpolluting, locally available, low cost, renewable resources. At a certain level, a ZEB should 

generates renewable energy that is equal or exceed its yearly energy consumption. Moreover, 

according to (Voss, et al., 2012)  only a slight difference splits NZEB from nearly ZEB which is 

the slightly increase in energy demand comparing to energy consumption in nearly ZEB as 

shown in Figure (2.1).  
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Figure 2.1 Graph showing the path toward a NZEB with the nearly and the plus variants. (Voss, 

et al., 2012) 

 However, Figure (2.2) below shows the important characteristic of NZEB, this reduction in 

energy can reaches up to 30% to 50% compared to a conventional building of similar usage 

supplied by renewable enegy source on site such as solar photovoltaic (PV).  

 

Figure 2.2 NZEBs combines both reducing energy use and generating energy on-site. (Runde, 

2015) 

Most NZEBs are connected to local electrical grids in order to send back the electricity when the 

generating capacity is exceeding the demand, at the same time it takes electricity from the grid 

when needed, therefore NZEBs are referred as grid-tied. This feature allows the building to 

obviate the need for energy storage system on-site such as batteries. Moreover, it allows the 
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energy generating system to be sized average yearly demand instead of peak demand (Runde, 

2015). 

However, according to (Torcellini, et al., 2006), NZB definitions are classified into four 

definitions, but these four definition according to (Marszal & Heiselberg, 2011) have advantages 

and disadvantages.  

1. Net Zero Site Energy: A building that produces energy that is equal to or greater than the 

energy it uses it uses in a year while taking into account the site. 

a) Advantages: easy to perform, demonstrable by on-site measurement, the 

performance can’t be affected by externalities, conservative and easy to 

understand. 

b) Disadvantages: more PV requirement, doesn’t takes into consideration all the 

utilities cost, doesn’t consider some environmental issues such as pollution 

and resources availabilities and disability to equalize fuel types. 

2. Net Zero Source Energy: A building that produces energy that is equal to or greater than 

the energy it uses it uses in a year while taking into account the source and the processes 

it takes into account the procedure of generating and delivering the energy. 

a) Advantages: ability to equalize energy value for different types of fuel, better 

influence on national energy system and count as one of the easiest Net Zero 

Energy (NZE) to achieve. 

b) Disadvantages: calculations of source are too extensive, negative impact can 

be larger than efficiency for fuel switching, doesn’t consider some 
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environmental issues such as pollution and resources availabilities and doesn’t 

takes into consideration all the energy cost 

3. Net Zero Energy Costs:  A building that produce energy with a cost to be paid to the 

building’s owner by the utilities that is that is equal to or greater than the cost of the 

energy used and paid to the utilities by the building’s owner 

a) Advantages: easy to perform and measure, demonstrable from utilities bills 

and market forces conduct balancing different fuel types. 

b) Disadvantages: unsteady energy rates makes it difficult to track over time, the 

generating process can be more worthy than it is and agreements net-metering 

are required.   

4. Net Zero Energy Emissions: A building that is able to produce emissions-free source of 

energy by an amount that is equal to or greater than the amount it uses from the 

emissions-producing energy sources. 

a) Advantages:  represent the green power well, solves many environmental 

issues such as pollutions and greenhouse gasses emissions and count as one of 

the easiest Net Zero Energy (NZE) to achieve. 

b) Disadvantages: none are mentioned. 

Moreover, (Pless & Torcellini, 2010) stated that to guarantee the maintainability of a building 

over a long-term, it should be designed in a way that reduces energy transfer as much as 

possible, this principle provide other advantages to the built environment such as; reducing the 

overall environmental impact due to encouraging the concept of energy-efficient buildings, using 
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renewable energy with zero emissions, increasing the durability of the building and establishing 

a highly scalable buildings that are available widely. However, NZEB has a number of 

renewable energy supply options listed under three main categories as shown in Table 2.1;  

Table 2.1 Renewable energy supply options for NZEB.  

Option 

number 

Description Example 

  Zero Energy Building Supply-Side Options 

1 

Conducting low energy technologies 

in the building in order to reduce 

energy consumption 

Natural ventilation\heating, day-lighting, 

evaporative cooling, HVAC equipment with 

high efficiency, etc. 

  On-site Supply Options 

2 

Using renewable energy resources 

available at the site 

Solar heaters, PV cells, wind turbines, low-

impact hydro located on-site. 

3 

Using renewable energy resources 

available within the footprint of the 

building 

Solar heaters, PV cells and wind turbines 

located on the building. 

  Off-Site Supply Options 

4 

Using renewable energy resources 

available off-site in order to generate 

energy on-site 

Biomass, biodiesel, ethanol and wood pallets 

that are available off-site and can be used on-

site 
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5 

Purchasing off-site renewable energy 

resources 

PV cells, emissions credits, utility-based 

wind or other green purchasing options. 

Hydroelectric is considered sometimes. 

 

However, (Pless & Torcellini, 2010) stated that first of all energy efficiency should be 

encourages in building in order to achieve a good ZEB concept, and then using renewable energy 

resources that are available on-site.  Buildings that buy all its energy from central location or 

wind farm has less stimulate to reduce the load of the building; therefore it has been referred as 

off-site ZEB. In most cases, it is always easier to reduce energy use that to produce energy.  

1.3. International building regulations 

Buildings regulations might vary between the countries and continent based on different 

elements such as the climatic zone and the human behavior at that specific area. Taking into 

consideration the UAE, citizens’ residential areas should have specific setbacks for the villa and 

minimum compound wall heights in order to provide privacy for each family.  While in Europe, 

where most of the houses are made of light structures and have a small width of setback or might 

have none, building regulations at this countries have specific requirements for sound insulation 

for dwellings (Rasmussen, 2010). According to (Rasmussen, 2010), these regulations are in line 

with International Standards Organization (ISO) standards. However, installing sufficient 

acoustic insulation between houses is important for privacy and protection against noise. While 

according to (Östman & Källsner, 2011), using wooden materials for buildings is limited by the 

building’s height in Europe, beside providing proper acoustical insulation and fire protection as 

stated by Dutch Ministry of Housing.  Moreover, according to (Goodhew & Griffiths, 2005), a 

building regulation in The United Kingdom (UK) states specific properties when using un-fires 
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clay bricks, straw bales and a straw clay mixture. The regulations states that when using one of 

these materials, insulations with a minimum thermal transmittance of 0.35 W/m2 K should be 

used. In addition, according to (Pan & Garmston, 2012), The UK government revised building 

regulations that target zero carbon new houses starting from 2016. In addition, according to 

(Pless & Torcellini, 2009), The United States decided to take an action regard NZEBs for all new 

commercial buildings by 2030, while the California Public Utilities Commission are expecting to 

have NZEB by 2020 for all new residential buildings.  

1.4. Green buildings regulation in Dubai 

In March 2014, Dubai Municipality released a new regulation that has been named ‘Green 

Buildings Regulation’, the regulation states that all new buildings in Dubai should be green 

buildings. Since then, all green buildings requirements that had been set should be met in order 

to deliver permit for the new buildings to start the construction. 

1.5. AL SA’FAT rating system 

AL SA’AFAT rating system is considering the reduction in energy, water and resources while 

enhancing the health and safety of occupants by taking into consideration the processes of 

planning, designing, constructing and operating the building. Moreover, it takes into account the 

safety of the environment and the humanity even in the process of demolishing and recycling the 

building. However, implementing this rating system is mandatory for all new buildings in Dubai, 

including free zone areas. Table (2.2) below shows the types of building included. 

Table 2.2 Types of buildings included in AL SA'AFAT rating system 

Type of buildings Type of buildings 

Investment villas Banks 
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Private villas buildings Theaters and cinemas 

Arabic houses (courtyard 

houses) 

Educational buildings 

Apartments Governmental buildings 

Labor accommodation Restaurant and cafes 

Students and staff campus Health care buildings 

Hotels and hotel apartments Historical buildings 

Laboratories Museums 

Offices Petrol stations 

Resorts Post offices 

Restaurant and cafes Shopping malls 

Factories Mosques and houses of worship 

Warehouses Galleries and ballrooms 

workshops Gymnasiums and fitness clubs 

 Entertainment complexes 

 

2.7.1.  Exceptions and conflicts 

Although the rating system is mandatory for all types of new buildings, there are some 

exceptions such as temporary buildings that are going to be removes within less than two years, 

traditional buildings due to the difficulties of implementing the green building regulations and 

some high rise buildings and huge shopping malls depending on the difficulties it face. However, 

extensions and renovations should fulfill the green building requirements in addition to the 

converted buildings (such as changing the usage of a building from residential to educational) the 
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requirements of the new usage should be fulfilled. Moreover, in case of conflicts with other 

regulations such as conflict with civil defense requirements, regulations of civil defense should 

be fulfilled, while in case of conflict with other international references, Al SA’AFAT 

requirements should be fulfilled. However, in some cases where requirements of the list have 

conflict with other organization, the stricter requirement should be fulfilled (Dubai Municipality, 

2016).  

2.7.2.  Implementing ‘Al SA’FAT’ 

In order to implement the requirements of AL SA’FAT, a procedure should be followed to 

implement a certain frond. First of all, one of the four fronds should be selected; bronze, silver, 

gold or platinum. Then the usage of the building should be determined and finally the applicable 

and non-applicable clauses should be identified. However, AL SA’AFAT rating system covers 

various topics such as; 

a) Ecology and planning 

b) Building vitality 

c) Resources effectiveness: Energy 

d) Resources effectiveness: Water 

e) Resources effectiveness: Materials and waste  

While each one of these topics has also sub-topics.  However, as the category goes higher, as 

new requirements appears in addition to the requirements of the previous category. Appendix B 

shows the requirements of the four categories in details.   
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1.6. Passive design strategies 

Reducing energy use in a building is the first conventional solution for NZEBs. This energy 

reduction could be achieved using passive design strategies that tend to use natural factors such 

as wind, sunlight and temperature differences (DeKay & Brown, 2014). However, passive design 

strategies are selected and implemented on a building based on the climatic zone. Therefore, this 

paper is going to discuss such passive design strategies that could be implemented in a hot 

climate since Dubai is the concerned city. Meanwhile, these passive strategies are requirements 

of AL SA’AFAT rating system. However, might differ from category to another.  

2.8.1.  Orientation 

Orientation of a building refers to the position of the building on a site with respect to the 

position of rooflines, windows and other features. Building orientation can takes advantage of 

solar passive strategies such as day-lighting and natural heating, solar active strategies such as 

using solar collectors, natural ventilation and controlling solar heat gain and heat loss in order to 

reduce demand for energy (NJ Green Building Manual, 2011). Figure (2.3) below shows 

different elements of passive solar design in a temperate and hot climates, although these 

elements performs separate function, all should work together in order to succeed, these elements 

are; aperture, absorber, thermal mass, distribution, and control.  
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Figure 2.3 The five elements of passive solar design (NJ Green Building Manual, 2011) 

However, in order to achieve the target of passive solar functions, a number of building 

components should be provided in the building. Table (2.3) below shows these building 

components with some examples;  

Table 2.3 Building components and passive solar function (NJ Green Building Manual, 2011) 

 

Moreover, optimizing building orientation requires incorporation of passive solar systems in the 

initial design stage of a building. However, according to (NJ Green Building Manual, 2011) it 

usually consist of a number of features such as;  

1. Uniformed rectangular floor plans extended on the east-west axis. 

2. South facing glazed wall 

3. Thermal storage exposed partially to the solar radiation 
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4. Shading devices such as light shelves and overhangs in order to shade the south glazed 

wall from summer sun; usually south elevation requires horizontal shading devices while 

east and west require both vertical and horizontal shading devices. 

5. Windows to be places on both east and west elevations while north elevation preferably 

have no windows. 

2.8.2.  Vegetation and landscape 

Vegetation and landscape can create different pattern of air flow, it also provides shading which 

helps keeping surroundings cooler in hot and warm weather. Moreover, taking buildings into 

consideration, it could be used for energy conservation in various ways such as;  

1. Roof gardens (green roofs) 

2. Shading for open spaces and buildings 

3. Shading of both horizontal and vertical surfaces (vertical gardens\green walls) 

4. Changing wind’s directio0n 

5. Barrier against hot and cold winds (depends on the climate) 

Vegetation and landscape are considered as a flexible controller of wind and solar penetration in 

buildings. Providing such elements can reduce direct sun radiation from striking and rising up 

the heat of building surfaces. Moreover, it lowers outdoor air temperature which will 

subsequently reduce heat transfer from outer spaces to inner spaces (NZEB, 2016). 

2.8.3.  Shading devices 

Shading devices are considered as important strategy in passive design especially when it comes 

to facades with large glazed elements, while highly glazed facades are trending lately and widely 

used in new buildings in order to provide external view and natural light. However, a risk of 
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creating high heating loads in these buildings should be considered. Therefore, different types of 

shading devices should be used in the design of the building to improve the energy performance 

of it based on the climatic region and the desirable target, such as external roller shades, internal 

shading, overhangs and venetian blinds. Many case studies by different researches have been 

used these different shading devices, all of these studies proved the importance of using shading 

devices in buildings. Thus, the application of shading devices in buildings is essential in order to 

decrease the buildings’ cooling loads in hot regions. However, the most important reason of 

using such shading devices is to block the penetration of solar radiation and direct sunlight which 

causes discomfort and glare besides permitting the desirable amount of solar radiation during 

cooling\heating periods (Kirimtat, et al., 2016).  

A case study for (Freewan, 2014)in Jordan examines shading devices on a university. Jordan is 

categorized as a subtropical area that is hot and dry during summer and cold in winter with clear 

sky conditions almost along the year while in winter a moderate rainfall and medium to overcast 

sky conditions. The average direct sun radiation in Jordan is about eight hours per day. However, 

the offices in the 3rd floor of the university are exposed to direct sun radiation starting from 

afternoon to sunset which causes raising the temperature to unbearable levels. Offices are 

encountering high temperate in sunny days while experiencing very low level of daylight during 

cloudy days. Therefore the study transact with three types of shading devices as presented in 

Figure (2.4). 
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Figure 2.4 Types of shading devices installed for the tested building. (Freewan, 2014) 

 Starting from the left; 

1. Diagonal fins: the fins are angled in order to control direct sunlight, but they almost block 

all the view. 

2. Egg crate: it consists of both vertical and horizontal fins with small spacing in between in 

order to allow view to outside. 

3.  Vertical fins: the fins are vertical with spacing in between that allow view to outside. 

However, the main objective of shading devices is to control direct sun radiation while 

maintaining thermal comfort besides introducing enough daylight for inner spaces while 

avoiding overheating. Moreover, shading devices’ type and dimensions should be designed as an 

integrated part of the openings  and fenestration system for the building in order to achieve the 

balance between the various requirements such as; day lighting, heat gain, maintaining the view 

and improving occupants performance.  
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In the case study, offices facing southwest have been selected to implement the study on. The 

study was conducted in two stages;  

1. The first stage: fixed shading devices with temporary materials had been used. 

2. The second stage: fixed shading devices with permanent materials had been used. 

Both stages experiments all the three types of shading devices with specific features like spacing 

and angle for both vertical and horizontal parts. These features have been summarized in Table 

(2.4).  

Table 2.4 Features of shading devices in stages 1 and 2. (Freewan, 2014) 

 

Comparing the results of offices with shading devices with the ones without shading devices, the 

results show that offices with vertical shading devices witnesses air temperature reduction by up 

to 6% in the afternoon in summer. While diagonal fins reduced air temperature by up to 19% in 

the afternoon in summer. While finally the egg-crate reduced air temperature by up to 10% in the 

afternoon in summer.  

Moreover, thermal image analysis has been done to show the distribution of temperature in the 

examined offices. The analysis showed clearly that diagonal fins are the most effective way to 

prevent solar radiation from interning inner spaces as shown in Figure (2.5). 
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Figure 2.5 Thermal images of the offices (A) base case, (B) vertical fins, (C) egg crate and (D) 

diagonal fins. (Freewan, 2014) 

Another study for (Al-Taamimi & Fadzil, 2011), took place in Malaysia which is a tropical 

country. Malaysia is a hot humid country with abundant rainfall along the year. The case study 

has been analyzed using computerized building simulations which is Integrated Environmental 

Solutions (IES-VE) in order to get accurate outputs. However, various models for external 

shading devices had been included in the study as shown in Figure (2.6) in order to be compared 

with the base model as shown in Figure (2.7).  

 

Figure 2.6 The alternative designs for the three types of shading devices. (Al-Taamimi & Fadzil, 

2011) 
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Figure 2.7 Base case model using ISE-VE software. (Al-Taamimi & Fadzil, 2011) 

The analysis of shading devices efficiency on the indoor temperature took into consideration the 

following parameters: 

1. The minimum, maximum, and mean air temperature along the year. 

2. The duration of indoor air temperature that recorded above the comfortable temperature 

in the country. 
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Tables (2.5 and2.6) and Figures (2.8 and 2.9) below summarize the outputs of the analysis, both 

tables show the duration of comfort hours and the percentages to the total annual hours. 

However, the results show a high improvement that reaches up to 117% in the egg-crate shading, 

while both horizontal and vertical shading devices showed improvement comparing to the base 

model but does not have that much difference comparing to each other. The study showed that 

the maximum improvement in the comfort hours was achieved using egg-crate shading device.  

Table 2.5 Yearly effect of shading devices on improving indoor temperature in unventilated 

room. (Al-Taamimi & Fadzil, 2011) 

 

Table 2.6 Yearly effect of shading devices on improving indoor temperature in ventilated room. 

(Al-Taamimi & Fadzil, 2011) 
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Figure 2.8 Yearly minimum, maximum and mean temperatures with different shading devices in 

unventilated room. (Al-Taamimi & Fadzil, 2011) 

 

Figure 2.9 Yearly minimum, maximum and mean temperatures with different shading devices in 

ventilated room. (Al-Taamimi & Fadzil, 2011) 
 

Therefore, shading devices like egg-crate, lovers and overhangs must be encouraged as essential 

architecture elements in order to protect the indoor environment, building envelopes and 

occupants from excessive solar radiation especially in hot regions.  

2.8.4.  Insulations 

In the last century, building’s energy demand for heating and cooling has been increased all over 

the world (Nematchoua, et al., 2015). According to (Biswas, et al., 2016), taking commercial 

buildings into account, 29% of the energy used on site is consumed for space cooling and 

heating. Therefore, buildings should improve it thermal resistance in order to reduce heating and 

cooling loads. Thus, some construction materials with low thermal conductivity have been 

appeared such as insulations (Moretti, et al., 2016). Using insulation materials in buildings is an 

effective technique to reduce energy consumption for cooling and heating. At the same time, it 

limits building’s negative environmental impact. According to (Uygunoglu, et al., 2016), in cases 

were buildings are properly designed and constructed, insulation materials can contribute to 

energy savings up to 60% for cooling and heating loads.  
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A study for (Uygunoglu, et al., 2016) in Turkey examined four types of insulation materials 

which are; rock-wool (RW), gray- expanded polystyrene foam (gray-EPS or graphite added 

EPS), white-EPS and extruded polystyrene (XPS) since they are the mostly used ones in Turkey. 

However, Table (2.7) below represents the characteristic properties of these insulation materials. 

Table 2.7 Properties of EPS, XPS and RW. (Uygunoglu, et al., 2016) 

 

Afterwards, these insulation materials have been exposed to cold and hot environments that had 

been set to be 0° C and 40° C respectively for three days. Coefficient of thermal conductivity (U) 

that has a unit of (W/m² K).and thermal resistance (R) that has a unit of (m² K/W) have been 

measured using Equations 1 and 2 as shown below. While after 28 days, the four samples were 

subjected to flame testing. 

 

The results of the experiments showed a number or results; first, that the different types of tested 

insulation have different adhesion strength of the mortar in the plaster, these differences are 

related directly to the thickness of the plaster as shown in Figures (2.10 and 2.11) below. 
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Figure 2.10 Adherence of plaster on insulation board. (Uygunoglu, et al., 2016) 

 

Figure 2.11 Comparison of adherence strength for each insulation board. (Uygunoglu, et al., 

2016) 

The second result was that as low as the coefficient of thermal conductivity is, as high as thermal 

resistance of the insulation is. Table (2.8) below represents the measurements of the different 

tested insulation boards.  
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Table 2.8 Thermal performance of insulated walls. (Uygunoglu, et al., 2016) 

 

The third result was that fire durability is related directly to the thickness of the plaster for the 

different types as shown in Figures (2.11 – 2.15). 

 

Figure 2.12 Combustion length of plastered white EPS after fire. (Uygunoglu, et al., 2016) 

 

Figure 2.13 Combustion length of plastered grey EPS after fire. (Uygunoglu, et al., 2016) 
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Figure 2.14  Combustion length of plastered XPS after fire. (Uygunoglu, et al., 2016) 

 

Figure 2.15 Combustion volume of plastered white EPS after fire. (Uygunoglu, et al., 2016) 

2.8.5.  Solar Heat Gain Coefficient (SHGC) of Glazing 

Windows are considered as an essential element in the building because it provides air 

ventilation, day lighting, vision, passive solar gain and escape opportunity in emergency 

situation. However, windows play a major role in energy consumption for buildings due to it 

high U-values in contrast to other building’s elements. Therefore, the ability to reduce the U-

value of the windows means the ability to decrease heat transmission into the building, and this 

could be achieved using efficient technologies for windows (Cuce & Riffat, 2015). Heat 

exchange between occupants and windows occurs in three ways which are; 

1. Long-wave: where the heat exchange takes place between the window inside surface and 

the human body.  
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2. Short-wave: in other term solar radiation which penetrates out of the layers of the glass 

and hits the human body.  

3. Cold air leakage from windows. 

(Mingotti, et al., 2013) compared both single glazed window and double glazed window, Figure 

(2.16) below shows heat transfer process through both types of glazing. However, the study 

showed that in colder season, single glazing has more convictive heat loss from the inner space 

to the outer spaces while in warmer season, it has more convictive heat gain form outer spaces to 

the inner due to the smaller thermal buffering when comparing to double glazing as shown in 

Figure (2.17). 

 

Figure 2.16 Heat transfer processes; (a) single glazed and (b) double glazed. (Mingotti, et al., 

2013) 
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Figure 2.17 Relative heat fluxes through single glazed and double glazed in colder and warmer 

seasons. (Mingotti, et al., 2013) 

According to (Cuce & Riffat, 2015), there are different parameters that affects the performance 

of the windows as shown in Figure (2.18).  

 

Figure 2.18 Parameters that affect the window design and performance. (Cuce & Riffat, 2015) 
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However, (Cuce & Riffat, 2015) in their paper summarized various types of glazing with their 

specific properties as shown in Figure (2.19) and Table (2.9) below.  

 

Figure 2.19 Different types of glazing for windows; (a) single clear glass, (b) single glazing with 

gray tint, (c) double clear glass, (d) double glazing with gray tint, (e) double glazing with 

selective tint, (f) double glazing with low-e and (g) triple glazing with low-e. (Cuce & Riffat, 

2015) 

Table 2.9 Performance parameters for different types of glazing. (Cuce & Riffat, 2015) 

 

While taking a double glazed window into consideration, it has good acoustic and thermal 

properties and might considered as the best option in many cases. Although more than three 

layers of glazing could be used, it could be impractical due to it high cost, weight and increased 

size. However, Figure (2.20) below represent heat transmission through double glazed window.  
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Figure 2.20 Schematic for a double glazed window. (Cuce & Riffat, 2015) 

However, as shown in Figure (2.18) earlier, the frame of the window is one of the parameters 

that affect the performance of the window. Therefore (Cuce & Riffat, 2015) studied and 

summarize the properties of the frames as shown in Figure (2.21) and Table (2.10).  

 

Figure 2.21 Different types of window's frame; (a) wooden frame, (b) aluminum frame, (c) Vinyl 

frame, (d) clad frame, (e) hybrid frame and (f) fiberglass frame. (Cuce & Riffat, 2015) 

Table 2.10 Performance parameters of different types of frames. (Cuce & Riffat, 2015) 
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Furthermore, (Cuce & Riffat, 2015) studied advanced glazing types such as; multi-layer glazing, 

suspended films, vacuum glazing. Different types of each category have been studied and 

summarized with their specific properties as shown in Tables (2.11 – 2.13). 

Table 2.11 Performance parameters for different types of multilayer glazed windows. (Cuce & 

Riffat, 2015) 

 

Table 2.12 Examples for suspended glazing and their properties. (Cuce & Riffat, 2015) 

 

Table 2.13 Thermal characteristics of SPACIA-21 vacuum glazing. (Cuce & Riffat, 2015) 

 

 

1.7. Active design strategies 

2.9.1.  Photovoltaic (PV) cells 

Since the mid of 1950s, solar photovoltaic energy has been decisive relevance application when 

scientist built the first solar panels in the United States with an efficiency of 5% to 6% 

(Meneguzzo, et al., 2015). However, the amount of energy generated in form of heat and 
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electricity from solar energy has been doubled in the period between 1990 to 2000 (Rodziewicz, 

et al., 2016).  

Solar energy is an unbounded reservoir of energy. Solar radiation emissions has a power of 4 ×

1020 MW while the averaged value of the solar radiation intensity reaching the upper 

atmosphere of the earth is 1367 W/ 𝑚2, which means that 1018 kWh/year reaches the earth 

which is greater than the energy produced by the fossil energy resources. As shown in Figure 

(2.22) below, when comparing reserves if fossil fuels with energy consumption, fossil fuels are 

limited and can be depleted in  short period of time which ranges between three to four 

generations only. Therefore, in order to cover the demand of energy, human-kind should search 

for other sources of energy. However, Figure (2.22) shows that renewable resources of energy 

are much greater that our consumption, at the same time, these resources have much higher 

potential than our needs although the efficiency of such types of resources is sometimes about 

10% (Rodziewicz, et al., 2016).  

 

Figure 2.22 Available energy resources. (Rodziewicz, et al., 2016) 
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2.9.1.1. Types of PV 

A comparative study for (Vieira, et al., 2016) compares between static and mobile PV panels. 

Static PV panels used to be positioned with a certain angle depending on the location, while after 

introducing mobile PV cells the power generation have been improved through the system by 

50%. Solar trackers mainly comes in two types based on the freedom and degrees of movement, 

either single-axis tracker or dual-axis tracker. However, the study took place at Mossoro city in 

Brazil. The city is located in semi-arid region with very hot and dry weather conditions in 

summer.  As mentioned above, the paper analyze two types of PV; a fixed solar panel and a sun 

tracking solar panel using one-axis tracking system that moves on east-west direction.  Figure 

(2.23) below represents the two analyzed solar systems. As shown in the figure, both generate 

current, voltage, solar radiation and temperature. The collected data is directly sent to the 

controller where it stored and sent to a computer. While in sun tracking system, in case if the 

controller didn’t captures the maximum solar radiation, it sends a signal to the motor installed in 

order to measure the variables and re-position the panels.   

 

Figure 2.23 Analyzed system layout. (Vieira, et al., 2016) 
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Moreover, another study for (Visa, et al., 2016) compares five types of PV modules while taking 

into consideration the efficiency, electrical input and efficiency’s relative loss based on 

temperate climate parameters. The five types of PV modules which are; mono-crystalline, poly-

crystalline, Cadmium Telluride (CdTe), Copper Indium Selenide (CIS) and Copper Indium 

Gallium Selenide (CIGS) have been mounted for over fourteen months on two platforms; P2 and 

P4, close to a number of buildings as shown in Figure (2.24).  

 

Figure 2.24 Platform P2 with five types of PV modules. (Visa, et al., 2016) 

Furthermore, the five types of PV modules were installed with Standard Testing Conditions 

(STC) parameters as shown in Table (2.14) below. While both platforms which have been used 

to install the PV modules on, were oriented 47° from the S-axis as shown in Figure (2.25).  

Table 2.14 STC parameters of the five types of PV modules. (Visa, et al., 2016) 
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Figure 2.25 Angles used in the calculation process. (Visa, et al., 2016) 

However, when taking the annual variation of the photovoltaic output into account, the results of 

the experiment showed that the electrical energy and solar input are matching with larger 

amounts during summer period comparing to winter period as shown in Figures (2.26a and 

2.26b), while Figure (2.26c) indicates high efficiency values for both mono-crystalline and poly-

crystalline while lower efficiencies for the rest as shown.  And finally Figure (2.26d) which 

shows the relative losses in efficiency showed that for the three thin-film PV modules (CIS, 

CIGS and CdTe) have a relative constant efficiency, but only the CIGS readings indicates 

performance close to the nominal values. At the same moment, both CIS and CdTe have a 

relative loss that exceeds 15%.  While both mono-crystalline and poly-crystalline readings 

showed small losses that ranges between 5% -10%.  
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Figure 2.26 Monthly variation of the; (a) input solar energy, (b) output electrical energy, (c) 

outdoor conversion efficiency and (d) relative efficiency loss. (Visa, et al., 2016) 

Moreover, the experiment proves that using PV modules that track the sun enhance the outputs. 

According to Figures (2.27 and 2.28), when comparing the results of static and dynamic panels, 
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it shows that tracking increases the power outputs. In addition, it increases the constancy of the 

conversion efficiency values. This enhancement makes the system more predictable.  

 

Figure 2.27 Instantaneous variation during 1 August 2014 of the; (a) incident/available solar 

irradiance and ambient temperature (b) photovoltaic power output, c) conversion efficiency and 

(d) relative efficiency loss. (Visa, et al., 2016) 

 

Figure 2.28 Instantaneous variation during 19 September 2015 of the; (a) incident/available solar 

irradiance and ambient temperature (b) photovoltaic power output, c) conversion efficiency and 

(d) relative efficiency loss. (Visa, et al., 2016) 
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2.9.2.  Solar Domestic Water (SDW) 

Using solar systems for water heating in a house is considered as one of the most effective 

ecological strategies. A study in South Eastern region of Romania by (Spiru, et al., 2000) 

resulted that using solar energy covers about 35% to 50% of the demanded thermal energy for 

water heating for the periods from January to April and October to December, while in the 

period from May to September it reaches 80% to 100%. This method reduces the costs for 

electricity used in water heating up to two thirds the traditional methods. Domestic Hot Water 

supply (DHW) is a perfectly viable solution, (Spiru, et al., 2000) described it as simple, 

ecological, reliable, inexhaustible and non-polluting. The features of SDW supply facilitate 

positive impacts such as energy savings and producing clean energy without waster or emissions.  

SDW supply has been developed in order to serve different functions such as; individual 

residential buildings, complex of residential buildings, cultural buildings, accommodation 

buildings and swimming pools. Moreover, the structural schemes of the system are drawn up in a 

way that makes it easy to respond to a different series of characteristics, users’ requirements and 

criteria that are related to the building it serves, while the most important characteristics are as 

follow; the needs of hot water, location, climate, heat demand for the building, available 

equipments and financial resources.  However, due to the increased cost of energy and taking 

into consideration the fact that the resources of fossil fuel are limited, the concept of using solar 

energy as renewable source of energy have become popular around the world since consumers 

realized the benefits of solar heating. A study for (Spiru, et al., 2000) shows a comparison 

between conventional systems and solar water heating systems as shown in Table (2.15).  
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Table 2.15 Comparison between solar water heating systems and conventional system. (Spiru, et 

al., 2000) 

 

Since there are different types of solar systems, developers or consumers should select the 

system that suits their characteristics the best. (Spiru, et al., 2000) selected to study Junkers 

solar collector due to it high efficiency. Junkers FCB-1S solar collectors can ensure a 

minimum temperature of 45°C for domestic hot water. The type of system contains a solar 

collector plane, two pumps, reservoir for hot water storage, heat exchanger and an electric 

resistance that keeps the temperature of the tank 60°C minimum through the year. The two 

pumps are equipped with a temperature regulator that monitors the difference in water 

temperature in the heat exchanger (collector) and in the storage tank. The main parameters of 

the solar system are shown in Table (2.16).  
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Table 2.16 Specific parameters for Junkers collector. (Spiru, et al., 2000) 

 

While a study for (Khan, et al., 2010) that took place in Bangladesh, chose ‘Box-type flat 

plate collector’. The process of heating the water in this solar system is simple and effective. 

The collector receives the incident radiation, then converts it into heat and transfers it into 

working fluid.   
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3. Methodology 

3.1. Introduction 

Generally, the research begins by either worries or interests and then raising questions regard it. 

The types of questions besides how to collect, to analyze, to interpret and to answer the 

questions, all depends on the preferences and preconceptions such as the topic, the reason to 

study it, access to data, the context, the available resources, the determined energy to invest and 

the scheduled time. Substantially, there is no formula that fit all of these parameters in writing a 

research; almost any methodology can answer any question raised. However, distinguishing 

between ways to collect data and methods is needed. Ways to collect data are such as interviews, 

surveys and observation, while methodologies are the principles that influence and guide the 

choices. Therefore, methodology is concern about how the research is done, how the process of 

finding out things is done and how the knowledge and information have been gained (Hyland, 

2016).  Moreover, according to (Hyland, 2016) there are four major methods to collect data 

which are often used in all processes of the research as shown in Table (3.1) below, the table 

represents the method and it definition briefly.  

Table 3.1 Major methods used in research writing. (Hyland, 2016) 
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3.2. Types of methodologies 

The use of different options for research methodologies in a research can determine and 

improves the results of the paper. (Salzmann, et al., 2005) used different research options in 

order to seek for justification for sustainable strategies in the organizations ; they adopted 

literature review methodology to establish a theoretical framework, instrumental studies in 

order to either prove or disapprove the theory, descriptive studies for examination and finally 

using different tools. Moreover, (Wahyuni, 2012) discussed the different available research 

methodologies which enable the author to answer different research questions. The paper 

discusses in details the main elements of the case study besides the required data and methods 

to analyze the collected information. The paper helps researchers to determine which multi-

methods could be considered in the research.  

3.2.1. Literature reviews methodology 

Literature review methodology could be approached in various ways and for various purposes. 

According to (Hyland, 2016), Literature review is about looking at different choices with 

different systems, practices and ideologies, then linking it with other papers. Broadly, literature 

reviews can be analyzed in two different ways. The first way is to look at as systems of forms 

and taking into account the pattern and the grammatical items to have a better understanding 

about the regularities found in the text.  The second way which is commonly used, texts are 

handled as discourse, or based on how it work to communicate in such framework. In this case, 

the texts are handled as resources that will be able to achieve author’s goals (Hyland, 2016).  

However, (Luederitz, et al., 2016) states that literature review methodology have step by step 

guide which consists of six phases; project initiation, project framing, review procedure, data 
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analysis, results framing and article finalization. Figure (3.1) below summarize the definition and 

the responsibilities of each phase.   

 

Figure 3.1 Six phases for organizing student-driven literature review projects. (Luederitz, et al., 

2016) 

Many researches adopted literature review methodology in defining ZEBs. (Marszal & 

Heiselberg, 2011) defined different definitions for ZEBs using literature review methodology, 

the paper discussed different definitions of ZEBs written by different authors previously and then 

defining the main four different definitions of NZEBs which are Net Zero Site Energy, Net Zero 

Source Energy, Net Zero Energy Cost and Net Zero Energy Emissions, and finally stating the 

advantages and the disadvantages of each type. As will as (Pless & Torcellini, 2009) whom also 

defined the four types of NZEB using literature review methodology. The paper also discussed 

different countries’ point of view regard NZEBs and the actions they are planning to take regard 

it. Another paper for (Pless & Torcellini, 2010) investigates the classification of NZEB based on 

the renewable energy supply option; wither it is on site or off site, besides explaining examples, 
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the techniques, the advantages and the disadvantages. Moreover, (Marszal, et al., 2010) adopted 

literature review methodology in reviewing national building codes for eight different countries 

in Europe and then discussed the different methodologies they are adopting regard generating 

renewable energy.  

3.2.1.1 Pros and cons of Literature reviews methodology 

Literature reviews methodology can provide a generous knowledge and a wide background 

regard the research question; it helps in defining different terminologies and problems that are 

related to the research. 

However, since literature reviews are usually found in books, theses, journals, publications, 

websites and conferences, sometime it is difficult to find these references especially when the 

research question is very specified like addressing certain problem in certain area and time or 

when the research question is new or looking forward to the future. Therefore, the lack of 

resources could be a disadvantage for such type of methodology. Moreover, since literature 

review usually comes in theoretical format, it is very likely to have a problem with plagiarism. 

3.2.2.Experimental methodology 

Experimental methodology is used to discover the impact of specific thing on another thing. This 

methodology is a constructive method where the researcher interferes in order to examine a 

theory by studying and insulating a monocular feature under streaked conditions. In a simple 

way, the methodology involves stratifying some remediation to one of two groups while keeping 

the other factor as constant. After that, both groups are tested to check wither the effect of the 

remediation and the statistical examination are showing a variation between the experimental 

groups and the control are significant or not. However, using examination measurements has to 
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be monitored carefully in order to increase the accuracy and to minimize the threats to the 

reliability which will affect the validity of the research consequently  (Hyland, 2016).  

(Lenior, et al., 2011) experimented NZEB in the French tropical Island of La Reunion which is 

located in the Indian Ocean. The experiment investigated the air-speed, visual and thermal 

comfort in the island. (Uygunoglu, et al., 2016) experimented the performance of four different 

types on insulations in Turkey. The experiment showed how far the conductivity and the 

thickness of each type of insulation material impacts the heat gain and fire resistance. (Mingotti, 

et al., 2013) experimented two types of windows which were single glazed and double glazed. 

The experiment showed how much does the number of layers impact heat loss and heat gain. 

(Cuce & Riffat, 2015) investigated how does the number of layers for a window and the type of 

the used frame affect heat loss and heat gain through a window using experimental methodology.  

3.2.1.1 Pros and cons of experimental methodology 

Experimental methodology can help in proving the author point of view. During the experiment, 

the researcher has a control over the variables and it can be combined with different methods for 

better improvement. In addition, it could be much specified in some cases since it examine a 

certain object under a specified conditions like the time and location. 

 However, experimental methodology does have disadvantages that could reduce it credibility in 

some cases such as human errors, producing artificial results, the difficulty to measure human 

response and intruding the researcher’s personal perspective. Moreover, in some cases it might 

be difficult to replicate on other situations (ColoradoStateUniversity, 2016). 

3.2.3.Case studies methodology 

According to (Hyland, 2016), a case-study is an instance in action’ which means characterizing 

what a particular condition is seems to be by understanding the reality of entrants’ thoughts and 
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experiences about a specific situation. Typically, a case study combines methods to discover 

specific bounded phenomena. Most of the case studies are aiming to gain more clear 

understanding regard process, context, person, group or situation rather than referring to 

generalizations, although it is allowed to be used. Essentially, this type of methodology combines 

a rich characterization of events with illustrative analysis that takes into account participants’ 

perspective.  

However, (Bullis, 2009) investigated Masdar City in Abu Dhabi in The UAE. The study covered 

almost everything about this green city; such as the master plan and the transportation. (Meltzer, 

et al., 2014) discussed energy consumption in Qatar and the gulf countries besides discussing 

alternative renewable energy resources. (Al-Taamimi & Fadzil, 2011) discussed the types of 

shading devices in a high rise building in Malaysia, and the impact on day-lighting and heat gain, 

after that the paper continued the discussion further for other recommended shading devices 

using simulation methodology. (Freewan, 2014) investigated the used types of shading devices in 

an existing university campus in Jordan and its impact on day-lighting and heat gain inside the 

offices, the researcher then proved the results using simulation methodology. (Radhi, 2009) 

studied the impact of global warming on a residential building in Al-Ain in The UAE. The study 

assesses the impact of global warming on the air conditioning system of the building which will 

subsequently lead to increase the amount on CO₂  emissions. The researcher also studied the 

impact of the window area on CO₂  emission. (Elminir, et al., 2006) studies the performance of a 

solar flat-plate collector on a building in Egypt. The researchers discussed the optimum slope 

that allows getting the maximum solar energy.  
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3.2.2.1 Pros and cons of case studies methodology 

Case studies methodology can provide a detailed investigation for a certain problem. According 

to (Hsieh, 2002) case studies methodology is flexible, it allows the researcher to select the topic 

and then decide the boundaries.  

However, in most cases it can’t be generalized to a larger scale.  In addition, it doesn’t conduct 

empirical research and depends mostly on bias findings. Moreover, the reliability and the validity 

of the case study are influenced by the researcher’s point of view, which means that findings are 

affected by the researchers and might be differ from one to another (Hsieh, 2002).  

3.2.4.Simulation methodology 

According to (Belton, 2016), simulation methodology has become a very important method for 

some types of studies such as, education, industry and engineering; although in most cases there 

are no evident theoretical frameworks. Moreover, simulation methodology is directly related to 

computing skills therefore it became an essential skill for some employability. In addition, 

(Barbaresi, et al., 2014) states that building simulations became a very efficient way to relay on 

in design decisions since it enables considering different system and materials solutions by 

optimizing both the energy consumption and the operation cost for buildings.  

(Al-Taamimi & Fadzil, 2011) investigated in different types of shading devices on a high-rise 

building in Malaysia using simulation methodology. The researchers used Integrated 

Environmental Solutions - Virtual Environment (IES-VE) software in order to find out the 

minimum, maximum, and mean air temperature and the duration of hours where the indoor air 

temperature is exceeding the comfort level for each type of shading devices. (Freewan, 2014) 

supported his theory of the impact of the shading devices used in a university campus in Jordan 

on day-lighting and heat gain using simulation methodology. The researcher used IES-VE 
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software in order to find the amount of penetrated daylight and heat. (Hammad & Abu-Hijleh, 

2010) investigated the impact of external louvers on the energy performance for a building in 

Abu Dhabi in The UAE. The researchers used IES-VE software to find out the relation of saved 

energy for the building and the different orientation of the louvers.  

3.2.3.1 Pros and cons of Simulation methodology 

Simulation methodology is considered as cost effective since examining an object could be done 

through a computer model rather than producing it in order to test it. It allows the researcher or 

the developer to test the object under different conditions freely. In addition, it can also provide a 

highly detailed model in order to get more accurate results (Davis, 2016). 

However, simulations are subjected to errors. The input data are very sensitive and can affect the 

reliability and the validity of the simulation model directly.   

 

3.3. The selected methodologies  

In order to answer the question of the research and to achieve aims and objectives of the 

research, two main methodologies have been adopted; Literature review and simulations. The 

research conducted literature review methodologies mostly in the introduction, literature reviews 

and methodology chapters in order to provide better understanding for the different 

terminologies discussed in the paper. Moreover, literature review methodology will allows 

establishing clear framework for the research which will help the author to build the rest of the 

research besides clarifying the concept and the idea of the research for the readers. In addition, 

the research is depending highly on the simulation methodology. All the processes starting from 

analyzing the existing villa to pushing the villa into NZEB will be based on the simulation 
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analysis. Therefore, the selected software to run the simulation should be selected carefully in 

order to achieve the objective of the research,. while some parts of the paper adopted other 

methodologies such as; case study methodology and experimental methodology. Some of the 

literature reviews that have been discussed in this paper earlier adopted case study methodology 

to provide more clarification and understanding about the concerned topic by discussing a lived 

experience. While this paper is adopting case study methodology in analyzing the current 

condition of the existing villa beside the energy consumption, thermal comfort and available 

passive strategies for the villa. Moreover, the research is adopting experimental methods in 

analyzing the existing villa in addition to the proposed scenarios. The method will support the 

comparison process between all the scenarios by isolating different feature each time and testing 

it then comparing the results. Moreover, experimental methodology had been used a lot earlier in 

the literature review chapter by different authors to support their point of perspective and to 

conclude the result.   

 

3.4. Software’s 

There are different  that could be used to analyze the performance of a building besides the 

energy consumption of a building. However, this research is considering Integrated 

Environmental Solutions - Virtual Environment (IES-VE) software in the analysis process. The 

reason of selecting this software is that IES-VE is considered as a world leader in performance 

analysis. Moreover, it have been used to design many energy efficient buildings globally. Many 

researchers proved their theories using IES-VE software, the software is able to read and 

understand many details that affect the performance of the building and the energy consumption.  
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IES-VE has many features that will help achieving the aims and the objectives of the research. 

The software will obtain results related to different aspects in each scenario such as;  

1. A model for the existing villa will be built using the software; it will take into 

consideration all the elements in the villa besides the profiles of HVAC and lighting 

usage.  

2. Energy consumption: the software will calculate energy consumption for each scenario 

which will subsequently help in comparing the results and finds ways of improvements. 

3. Daylight and shading: once the software established a daylight and shading diagram, it 

will be used to set the timings where artificial lights are not needed in each scenario 

which will subsequently affect the energy consumption directly.  

4. Insulations: the software will allow testing different scenarios regard insulations which 

will consequently affect the heat gain and energy consumption. 

5. Energy generated by PV cells: the software is able to determine the generated energy by 

the selected PV cells. This feature will help in calculating the difference between the 

consumed and the generated energy which will consequently help in pushing the villa 

into NZEB. 
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6. Computer modeling 

4.1. Introduction 

Achieving the goal of the research requires detailed study of the existing situation of the case 

study while taking into consideration all the aspects that influence or might influence the case. 

However, these data should be used to develop the concerned building in order to reach the 

desirable goal. Therefore in this chapter, a full analysis using IES-VE software will be run on the 

existing building to figure out the current status which will be used later on to compare with the 

proposed scenarios. Then, the same analysis will be run on all scenarios which are “AL 

SA’AFAT” rating system, until reaching the last scenario which is pushing the villa into NZEB.  

However, ‘AL SA’AFAT’ rating system has many requirements that could not be implemented 

on IES-VE software. Therefore, the study will focus on the ones that could be implemented on 

the software in order to examine the efficiency of it on the building. 

4.2. About the case study 

The selected villa is located in Al-Qouz area in Dubai, occupied by local family. Table (4.1) 

below shows a list of information regards the case study.  Moreover, Figure (4.1) shows the 

sitting layout plan for the plot, while Figures (4.2 and 4.3) shows the plans of the villa. 

Table 6.1 Building's information 

Building’s information 

Location Al-Qouz , Dubai, United Arab Emirates  

Building type Residential 

Year of 

completion 

2012 
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Occupancy 4 Adults + 3 children 

Plot area 1022 sq.m 

Built up area 473.08 sq.m (ground floor= 231.03 sq.m , first floor= 242.05 sq.m) 

Building height G+1 (Maximum height = 12.4m)  

Rooms 5 Bedrooms + Majlis + Living room + Kitchen 

 

 

Figure 6.1 Sitting layout plan 

 

Figure 6.2 Ground floor plan 
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Figure 6.3 First floor plan 

4.3. About the site 

As mentioned previously, the selected existing villa is located in Al-Qouz area in Dubai. 

however, Al-Qouz area are divided into four smaller areas named Al-Qouz 1 to 4, and the 

selected villa is located exactly in al-Qouz 4 which have some features as mentioned below; 

4.3.1.  Building regulation 

Al-Qouz 4 area is classified as a residential area for local families with building’s maximum 

height of G+1 (Ground + 1 storey) and a setback of 3 meters from all directions for the main 

building which is the villa.  

4.3.2.Sky condition 

Dubai’s sky is almost clear to mostly clear all the year, while it gets cloudiest in winter where the 

median cloud coverage reaches 25% as shown in Figure (4.4). However, Figure (4.4) shows that 

only 20% represents partly cloudy to overcast sky (Weather Spark, 2012).  
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Figure 6.4 Median cloud cover. (Weather Spark, 2012) 

 

Figure 6.5 Cloud cover types. (Weather Spark, 2012) 

 

4.3.3.Day-lighting 

Availability of daylight is usually affected by the season in all climatic zones. Fortunately, in 

Dubai there is no big difference in the duration. As shown in Figure (4.6), during summer the 

daylight is available for about 13 hours a day, while in winter is 10 hours and both spring and 

autumn is 12 hours.   
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Figure 6.6 Sun path for Dubai (IES-VE). 

4.3.4.Landscape and vegetation 

Al Qouz 4 area has no special landscape or vegetation, all of the area is flat with the same 

topography level; only minor variation in the level is there and few vegetations could be found 

only inside the house yards while the outer spaces are either sand, paving or asphalt roads.  

4.3.5.Surroundings 

The selected villa is surrounded from three directions by other villas; all of the villas are G+1.  

 

4.4. Scenario 1 – The basic scenario 

The first scenario is representing the existing status of the villa. In this scenario, the model will 

be built in IES-VE as per the existing villa in the site, while taking into consideration the 

location, materials, walls, openings and slabs. Moreover, the readings of energy demand shown 

in the software will be compared to the one shown in Dubai Water and Electricity Association 
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(DEWA) bill in order to make sure that the model is representing the current status of the villa as 

much as possible. However, this scenario is going to analyze only the energy demand, building’s 

materials, HVAC, day-lighting and shading since there are no passive or active strategies applied 

yet. All the data will be used later in the next chapter in order to be compared with the other 

scenarios. 

4.4.1. Building’s materials 

A study for (Al-Badri, 2013) summarized materials properties for a house in Bagdad as shown in 

Table (4.2). However, according to (Marawi, 2017), most villas in Dubai are built with the same 

materials properties that are shown in Table (4.2). Therefore, since most of the houses in Dubai 

and the gulf are built almost with the same materials properties, the same properties are applied 

on this scenario.  



Page | 70 
 

Table 6.2 Materials properties for the existing villa. (Al-Badri, 2013) 

 

4.4.2. Day-lighting and shading 

The main elevation of the villa is facing northwest, therefore both northwest and northeast 

elevations has a good chance of shading  as shown in Figure (4.7) which shows both sun path 

and shading in the afternoon. 
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Figure 6.7 Sun path and shading for the villa (IES-VE). 

 

However, there are no many shading devices on the villa, except one wooden pergola located on 

the first floor on the main elevation and the porch that covers the main entrance of the villa as 

shown in Figure (4.8), while figure (4.8) showed the computer model which have been created 

for the villa which has the same main characteristic of the villa.   

 

Figure 6.8 Photo for the villa. 
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Figure 6.9 Computer model for the villa using IES-VE software. 

 

4.4.3. Energy consumption 

Since the villa is located in Dubai which is hot almost all the year, the villa does not have any 

heating system but it has central air conditioning system which is almost on all the day. 

However, according to the latest DEWA bill (February 2017) as shown in Figure (4.10), the 

consumed electricity was 3,360 kWh, while comparing to the model in IES-VE as shown in 

Table (4.3) it shows a reading of 3,314.8 kWh for the same month of the year which shows that 

the results are almost similar. Unfortunately, only one DEWA bill has been received from the 

owner of the villa, which means that the comparison has been done based on this bill only. 

Although having bills for the rest of the months will proves that the model does match the 

existing villa strongly, one month is enough to match with since the software is able to 

understand the weather conditions for each day and the energy consumption during it. 
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Figure 6.10 Part of DEWA bill that shows the total electricity consumption for the villa from the 

period 17.1.2017 to 15.2.2017. 

Table 6.3 Energy consumption per month for the villa (IES-VE). 

 

 

4.5. Scenario 2 – AL SA’AFAT rating system (Bronze) 

In the second scenario, the major requirements of the bronze level in ‘AL SA’AFAT’ rating 

system will be implemented on the built up model in IES-VE in order to examine and analyze 

the improvement in energy consumption for the villa. However, as mentioned earlier  ‘AL 

SA’AFAT’ rating system is not only concern about energy consumption, it is also concern about 

other features related to the  buildings’ environment, water consumption and occupants which 

could not be applied on IES-VE software. Therefore, this study will focus on the requirements 

that could be implemented on the software which are most of it related to energy consumption in 

the building. 
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Therefore, the enhancements that are going to be applied on this scenario as per the bronze 

SA’AFA requirements are as follow: 

a) Introduce day-lighting 

b) Shading entrances 

c) Treating windows on both south and west elevations 

d) Electronic ballasts 

e) Demand controlled ventilation 

f) Maximum U-Value of 0.30 W/m²K for roof 

g) Maximum U-Value of 0.57 W/m²K for walls and floors 

h) Maximum thermal bridging of 0.4 W/m²K 

i) Minimum SRI value for steep sloped roof of 29 

j) Maximum  LRV value for wall’s painting of 45 

k) Minimum AC temperature of 22.5°C and a maximum of 25.5°C 

l) Compact fluorescent lamp (CFL) 

m) Solar water heaters 

n) Glazed elements performance as per table (4.4) 
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Table 6.4 Glazed element’s properties as per AL SA'AFAT rating system requirements. (Dubai 

Municipality, 2016) 

 

 

4.5.1.  The model 

As per the requirements, windows on both south and west elevations should be treated; therefore 

shading elements have been added on both ground and first floor as shown in Figures (4.11 and 

4.12). 

 

Figure 6.11 Tope view for the model. (IES-VE). 
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Figure 6.12 Perspective for the model (IES-VE). 

 

4.5.2. Energy consumption 

Using IES-VE, timing and duration of turning on\off electrical equipment such as; AC, heaters 

and lights can be set daily, weekly and annually. This feature will allow rectifying the 

requirements of the bronze level. Therefore, four different daily profiles have been set as shown 

below which will be almost the same along the year; 

a) Weekdays for HVAC  

The villa is occupied by the whole family from 3:00 pm till 7:00 am, while only occupied 

by the housemaid from 7:00 am till 3:00 pm as shown in Figure (4.13). 

 

Figure 6.13 Weekdays profile for HVAC (IES-VE). 
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b) Weekdays  for lighting 

There is no need for artificial light from 11:00 pm till 6:00 am since all the family 

members are sleeping, while all the lights are turned on from 6:00 am to 7:00 am at the 

time of breakfast and preparation for work , then the lights are turned off from 7:00 am to 

4:00 pm due to the availability of the daylight, after that in the period between 4:00 pm to 

6:00 pm lights are turned on gradually and remain on till 11:00 pm  when it is time to 

sleep as shown in Figure (4.14). 

 

Figure 6.14 Weekdays profile for lighting (IES-VE). 

c) Weekends for HVAC.   

The villa is occupied by the whole family members from 11:00 pm till 3:00 pm, while it 

is empty from 3:00 pm till 11:00 pm as shown in Figure (4.15). 

 

Figure 6.15 Weekends profile for HVAC (IES-VE). 
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d) Weekends for lighting  

Where it is almost turned off all the day till 6:00 pm where only exterior artificial lights 

turned on automatically, while the interiors one opens only between 10:00 pm to 12:00 

am and turned off gradually till 1:00 am while only the exterior ones remains on till 6:00 

am as shown in Figure (4.16). 

 

Figure 6.16 Weekends profile for lighting (IES-VE). 

After setting daily profiles, two weekly profiles have been set; one for the HVAC while the other 

is for lighting as shown in Figures (4.17 and 4.18). These profiles have been used to modify the 

room conditions and the internal gain. However, two major internal gains have been set which 

are lightings, occupants and equipments. 

 

Figure 6.17 Weekly profile for HVAC (IES-VE). 
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Figure 6.18 Weekly profile for lighting (IES-VE). 

Moreover, U-value for roof, floors and walls have been set according to the requirements, 

besides the properties of the glazed elements. In addition, solar heaters with an area of 8 m² have 

been set too. The properties of the solar heaters are shown in Figure (4.19) below. 

 

Figure 6.19 Solar heater's properties (IES-VE). 

 

4.6. Scenario 3 – AL SA’AFAT rating system (Silver) 

For the third scenario, few additional requirements could be implemented on the model such as;  

a) Dimmers 

b) Light Emitting Diodes (LEDs) 

c) Generating energy using PV panels (minimum 5% of the total consumed energy for the 

building) 
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4.6.1.  The model 

As per requirements, PV panels should be able to generate at least 5% of the total consumed 

energy. According to the second scenario, the total annual energy consumption is 73.2 MWh, 

therefore PV panels should be able to generate at least 3.66 MWh. However, the output energy 

of PV panel is as shown in the equation below 

E = A · r · e · PR 

Where; 

E = output energy (kWh) 

A = total area for the solar panel (m²) 

e = solar panel efficiency (%) 

r = annual average solar radiation (kWh/m²) 

PR = performance ration, coefficient for losses (range between 0.5 and 0.9, default value = 0.75) 

 

While in this case, the selected type of PV panels is the Monocrystalline Silicon since it has high 

performance compared to others. However, according to (AZoCleantech, 2016) the efficiency for 

the Monocrystalline Silicon is ranging between 15% - 24%. Moreover, according to (Hejase & 

Assi, 2013), the average annual solar radiation in the UAE is about 2285 kWh/m². However, 

according to (World Weather Online, 2017), the average maximum temperature in dubai along 

the year is 40°C while the average minimum is 24°C which means that the average along the 

year is 32°C. In addition, according to (BlogActiv, 2013), the efficiency of a Monocrystalline 
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Silicon at 25°C and irradiance of 1000 W/m² is 20%. Eventually, when substituting in the 

equation above the required minimum area is as follow 

3660 = A · (2285) · (0.20) · (0.75) 

A = 3660/342.75 

A = 10.68 m² 

 

Therefore, a PV panel with dimensions of 3.25m X 3.5m and an area of 11.375 m² has been 

installed on the roof as shown in Figure (4.20) while Figure (4.21) shows the rest properties of 

the PV panel. 

 

Figure 6.20 Top view for the model with PV panel on the roof (IES-VE). 
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Figure 6.21 Properties of the PV panel (IES-VE). 

 

4.7. Scenario 4 – AL SA’AFAT rating system (Gold and Platinum) 

For the fourth scenario, couples additional requirements could be implemented on the model 

such as;  

a) Maximum U-Value of 0.42 W/m²K for walls and floors 

b) Generating energy using PV panels (minimum 10% of the total consumed energy for the 

building) 

In order to achieve 10% of total energy consumption, the area of panels should be doubled. 

Therefore, another PV panel with the same properties and dimensions will be installed next to it 

which means that the total area will be 22.75 mᶫ as shown in Figures (4.22 and 4.23). 
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Figure 6.22 Top view for the model with 2 PV panels on the roof (IES-VE). 

  

Figure 6.23 Properties of the 2 PV panels (IES-VE). 

 

 

4.8. Scenario 5 –  Nearly ZEB 

For the fifth and the last scenario, the existing villa is going to be improved in different aspects 

in order to reach nearly ZEB which the main aim of the study, these improvements should take 

into account the existing structure and the major elements of the villa such as columns, walls and 

slabs. However, the enhancement can be done in insulations and plaster layers in addition to the 

amount of produced energy 
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4.8.1.  Shading devices  

As shown in Figures (4.24 and 4.25) below, projections with a minimum of 1.5m width have 

been added on both floor levels from all sides to provide shade for windows. Moreover, medium 

to large trees can provide shades for the windows too in order to reduce direct sun radiation and 

heat gain.  

 

Figure 6.24 Top view for the model (IES-VE). 

 

Figure 6.25 Perspective for the villa (IES-VE). 
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In addition, external shading devices have been added to all windows with properties as shown in 

Figure (4.26) below. Besides that, curtains have been selected as inner shading device.  

 

 

Figure 6.26 Shading device properties (IES-VE). 

4.8.2.  Glazed elements properties  

In order to reduce heat gain through windows, windows with low U-value and shading 

coefficient and high resistance value have been selected as shown in Figure (4.27). 

 

 

Figure 6.27 properties of the double glazed window (IES-VE). 
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4.8.3.  Materials properties 

4.8.3.1. Walls 

In order to reduce the affect of convection, polyurethane foam has been selected since it has low 

thermal conductivity that reaches 0.0213 W/(m.K), Table (4.5) below shows polyurethane foam 

properties. Moreover, according to (Seyam, 2017), polyurethane has a very weak fire resistance 

property; therefore it is preferable not to be used in the inner surface of the building. 

Table 6.5 polyurethane insulation properties. (Dubai Municipality, 2005) 

 

However, as shown in Figure (4.28)  two layers of insulation with a thickness of 100mm have 

been placed, one on the outer surface while the other is on the inner surface, while as shown in 

Figure (4.29) only one layer on insulation with a thickness of 200mm have been placed on the 

outer surface. Usually polyurethane boards comes in 100mm thickness which means that two 

boards of 100mm will be attached together then placed on the walls. Therefore, the simulation 

process will run twice in order to examine the performance of the building in each case and the 

affect on building’s energy consumption. 
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Figure 6.28 Properties of the walls while adding 2 insulation layers (IES-VE). 

 

Figure 6.29 Properties of the walls while adding 1 insulation layers (IES-VE). 

 

 

4.8.3.2. Roof and floors 

For roof and floors, the same type of insulation with a thickness of 200mm is placed on the 

concrete slab. 
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4.8.4.  PV panels 

In order to increase the amount of generated power on site, the area of PV panels have been 

increased. For the first case, four PV panels with a total area of 45.5m² have been placed on the, 

while for the second case, five PV panels with a total area of 56.875m² is placed on the roof. All 

the PV panels used have the same properties like the one used in the previous scenarios.  
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Chapter 5 

Results and Discussion 
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5. Results and discussion 

5.1. Introduction 

After simulating all the scenarios using IES-VE, the results are ready to be compared, which will 

allow representing the procedure of improving the building’s performance by reducing the 

energy consumption and the carbon emissions. The compression process will show which 

features have big influence on the buildings and which are not. At the same time it will show the 

difference in energy consumption for the different four levels of ‘AL SA’AFAT’ rating system, 

and how much more is needed in order to reach nearly ZEB.  

5.2. Scenario 1 results  

The first scenario which is for the current status of the villa, the results showed high yearly 

energy consumption due to the continuously on AC and lighting besides other factors as 

mentioned in the previous chapter. However, Table (5.1) shows the consumed energy per month 

in addition to the total amount per year. 

Table 5.1 Total energy consumption (IES-VE). 

 

5.3. Scenario 2 results  

The second scenario which examines the performance of the building while applying the 

requirements of the Bronze SA’AFA shows a significant difference in the energy consumption as 

shown in Table (5.2). the significant reduction in energy consumption is due to implementing 
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various sustainable features that encourage reducing energy consumption which were listed in 

the previous chapter. 

Table 5.2 Total energy consumption (IES-VE). 

 

5.4. Scenario 3 results  

The third scenario which examines the performance of the building while applying the 

requirements of the Silver SA’AFA shows small difference in the energy consumption as shown 

in Table (5.3) due to installing PV panels that produce 5% of total consumed energy.  

Table 5.3 Total energy consumption (IES-VE). 

 

However, Table (5.4) below shows the generated energy by the PV panels per month. The 

negative values are due to the generation process instead of consumption were PV panels 

generates energy more than the villa consumes. The total produced energy per year is 3906.9 

KWh which represents 5.33% of the total consumed energy.  
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Table 5.4 Total generated energy by the installed PV panel (IES-VE). 

 

5.5. Scenario 4 results  

The fourth scenario which examines the performance of the building while applying the 

requirements of both Gold and Platinum SA’AFA shows further reduction in energy 

consumption as shown in Table (5.5) due to installing PV panels that produce 10% of total 

consumed energy. While Table (5.6) shows that total produced energy per year is 7680.4 KWh 

which represents 10.49% of the total consumed energy.  

Table 5.5 Total energy consumption (IES-VE). 
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Table 5.6 Total generated energy by the installed PV panels (IES-VE). 

 

5.6. Scenario 5 results  

For the fifth scenario, a number of different cases have been examined in order to push the villa 

to nearly ZEB. These cases have features as follow; 

5.6.1. Case 1 

a) Two layers of insulation with a thickness of 100mm have been placed, one on the outer 

surface while the other is in the inner surface 

b) Four PV panels with total area of 45.5 m² 

The results show noticeable difference in the results in term of reducing energy consumption as 

shown in Table (5.7) below due to the two layers of insulations beside the two extra PV panels. 

Table 5.7 Total energy consumption (IES-VE). 
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5.6.2.  Case 2 

a) one layer on insulation with a thickness of 200mm placed on the outer surface  

b) Four PV panels with total area of 45.5 m² 

The results show very small difference in energy consumption as shown in Table (5.8) below. 

However, there is a minor difference between this case and the previous one in term of energy 

consumption.  

Table 5.8 Total energy consumption (IES-VE). 

 

5.6.3.  Case 4 

a) one layer on insulation with a thickness of 200mm placed on the outer surface  

b) Five PV panels with total area of 56.875 m² 

In this case the villa produce energy more than it consumed during half of the year which 

resulted in a value that is very close to the zero for total energy consumption as shown in Table 

(5.9) below which consequently achieves the target of the research.  

Table 5.9 Total energy consumption (IES-VE). 
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5.7. Comparison 

5.7.1. Comparison between the three cases 

Taking the four cases as shown in Table (5.11) into account, case 3 showed the best results 

which describes and achieves the main aim of the research, therefore it will represent the fifth 

scenario which is pushing the villa to nearly ZEB.  

Table 5.10 Total yearly energy consumption for each case. 

Case Total yearly energy 

consumption 

(MWh) 

Case 1 4.15 

Case 2 4.16 

Case 3 0.32 

 

5.7.2. Comparison between the five scenarios 

As shown in Figure (5.1) below, scenario 1 showed very high values in term of energy 

consumption when comparing to other scenarios. However, there was a huge jump on energy 
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consumption shown in scenario 2 after implementing the bronze level of ‘AL SA’AFAT’ rating 

system. In other hand, scenarios 2, 3 and 4 are somehow close from each others.  Finally, the last 

scenario shows another big jump in the performance of the building where values are almost 

close to zero which achieves the aim of the research. 

 

Figure 5.1 Energy consumption for the 5 scenarios. 

However, Figure (5.2) below shows the total energy consumption for each scenario. It is very 

clear that scenario 1 is much higher while scenarios 2, 3 and 4 are very close from each other. 

The small difference between these three scenarios is related to the availability of the PV panels. 

Scenario 2 does not have any PV panel, while scenario 3 have one PV panels with an area of 

11.375m² which produce energy that represents 5.33% of the total consumed energy, while 

scenario 4 have two PV panels with an area of 22.75m² which produce energy that represents 
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10.49% of the total consumed energy. Furthermore, the last column in the graph which 

represents scenario 5 is showing a value that is very close from the zero which is 0.32 KWh. 

 

Figure 5.2 Yearly energy consumption for all 5 scenarios. 

The percentage values shown on Figure (5.3) below represents how much percent energy does 

each scenario consumes comparing to the basic scenario. However, scenario 5 consumes 

0.0017% energy of the total consumed energy by the basic scenario.  
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Figure 5.3 Percentages of energy consumption comparing to the basic scenario. 

According to these values, the percentage of saved energy for each scenario comparing by the 

basic scenario is as follow; 

a) Scenario 2 (The Bronze) saves 61.1% from the current consumed energy 

b) Scenario 3 (The Silver) saves 63.26% from the current consumed energy 

c) Scenario 4 (The Gold and The Platinum) saves 66% from the current consumed energy 

d) Scenario 5 (Nearly ZEB) saves 99.9983% from the current consumed energy 

 

5.8. Discussion 

Obviously, there is a big gap between scenario 1 and the other scenarios since it is not adopting 

any sustainable technique. However, the minor difference between the three scenarios 2, 3 and 4 

does not mean that ‘AL SA’AFAT’ rating system has a small enhancement between the four 

levels. But it is due to a number of reasons. The main reason is that some of the requirements are 
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not possible to implement on IES-VE software. Another reason is that the bronze level is the 

most suitable one for villas since energy consumption is not that much when comparing to other 

large projects. The other levels of ‘AL SA’AFAT’ rating systems will work better on large scale 

projects because energy saving will be much greater, and applying all the requirements of silver, 

gold or platinum level will not be a waste of money because the amount of saved energy worth 

it. Moreover, Dubai Municipality takes into account the cost of the requirements of the building 

regulations which should not exceed 5% of the total cost of the building. However, the 

requirements of the bronze level are mandatory for all types of new buildings according the 

buildings regulations that set by Dubai Municipality. Therefore, the villa has been pushed to 

NZEB using the requirements of the Bronze level, in addition to proper glazing and insulation. 

Since the villa is an existing building and the same structure was kept, proper layers of 

insulations have been added. Although 200mm seems very thick to be applied in a villa, but 

since it is an existing villa it will be the best option, otherwise the owner will have to demolish 

the existing walls in order to replace them will different insulated bricks. Therefore, it will be 

easier for new villas to implement the techniques of ZEB since everything will be considered 

from the early stage. Nowadays, concrete blocks are made hollow in order to accommodate 

insulating material inside it, which enables having walls with less thickness. Moreover, one of 

the main elements that enable the villa to be pushed to NZEB is the installed PV panels on the 

roof and the solar water heater system which will save most of the current consumed energy.   

Moreover, examining the difference between case 1 and case 2 in the 5th scenario showed a 

minor reduction in energy consumption for the two layers of insulation. However, the two main 

reasons of selecting one layer of insulation instead of the two layers although the two layers of 

insulations showed better results in term of energy consumption is that installing two insulation 
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layers on both sides of the walls will cost the owner more during the renovation process and will 

as consuming more time at the same time. However, the selected type of insulation was 

polyurethane foam which has low thermal conductivity but has a weak fire resistance at the same 

time, which makes using it on the outer surface of the villa safer. In addition, the outer surface of 

the villa will need to be covered by a high fire resistance material in order to prevent disasters. 

According to (Seyam, 2017), the best option is to have stone claddings on the elevations in order 

to protect the insulation and the building from the fire. 
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Chapter 6  

Conclusion and recommendation 
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6. Conclusion and recommendation 

After defining, analyzing, collecting and discussing the results, the research was able to achieve 

the main aim and finally conclude some points besides recommending other points for future 

studies as below. 

6.1. Conclusion 

The research was aiming to push an existing villa to nearly ZEB passing through ‘AL 

SA’AFAT’ rating system, and that is what has been achieved in the previous couple chapters 

through adopting a number of sustainable techniques. However, some of these techniques 

already became mandatory according to Dubai Municipality which is the concerned organization 

in Dubai of giving building permits that allows contractors to start their work at the site. All the 

requirements of the bronze level that have been mentioned in the previous chapters are 

mandatory such as the solar heaters which is already started to be used widely across the city, the 

properties of the walls, floors, roofs and glazed elements, providing shadings for the entrances, 

controlling the AC as per demand, adopting daylights and selecting the proper type of artificial 

lights.. In addition to all of these techniques, some techniques was optional, yet it have been 

adopted in order to reach ZEB such as using Monocrystalline Silicon PV panels which has high 

efficiency comparing to other PV panels, using polyurethane foam for insulations due to its low 

thermal conductivity and providing enough shading devices for all the openings.  

Moreover, the research examined the influence of using single glazed windows and double 

glazed windows, which showed a noticeable difference in the results. Double glazed windows 

reduce energy consumption by 38.3 In addition to that, the research also examined the difference 

in the performance of using one thick layer of insulation on the outside surface of the building 

and using two thin layers of insulation; one on the outer surface while the other on the inner 
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surface. However, the results showed a minor difference in reducing energy consumption where 

the two layers of insulation showed a reduction of 0.99%. However, there were a couple of 

reasons that led to choose the one layer of insulation on the outer surface which are the cost and 

safety.   

Furthermore, the results of the analysis shows a huge reduction in energy consumption between 

the 1st scenario which is the current status of the villa and the 2nd scenario which is applying the 

bronze level, the reduction in energy consumption reached 61.1%, later on after implementing 

the 3rd and the 4th scenario which are applying the rest levels of ‘AL SA’AFAT’ rating system, 

the results showed reduction of 63.26% for the 3rd  and 66% for the 4th in energy consumption, 

while the 5th scenario which is pushing the villa to nearly ZEB showed another huge reduction 

that reached 99.9983% . 

Eventually, the research was able to achieve the main aim which is pushing the villa to nearly 

ZEB. Actually, in case of increasing one more PV panel, the total yearly energy consumption 

will be less than zero, which means that the villa will generates energy more than it consumes. 

But for sure that will cost the owner more and will occupy larger space on the roof of the villa.  
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6.2. Recommendations 

During the process of analyzing and discussing the results of the study, some issues and 

questions have been raised. These issues and questions could be studied later in future researches 

in order to get proper problem definition and answering the questions. However, the 

recommendations are as follow; 

a) The alternatives spaces for installing PV panels in case there is no enough space on the 

roof of the building while taking into account the shading profile in order to ensure the 

highest possible performance for the PV system. 

b) Studying the pros and cons of using insulation materials inside, outside or both in the 

building while taking into consideration the thermal conductivity, thickness and fire 

resistance with finding alternatives that takes into account the type and the location of the 

building. 

c) Studying the influence of using single, double and triple glazed windows using different 

methods while taking into account the cost and the type of the building.  

d) The possibilities of making the requirements of ZEB mandatory for all new buildings in 

Dubai 

e) Implementing the same scenarios on different types of buildings to check wither the 

percentages of saved energy for each scenario is the same or not. 
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