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ABSTRACT

This dissertation provides a comprehensi ve
Rating System andts role in advancing sustainability in residential zones. The study seeks to
identify and address the shortcomings in existing policies, recommend improvements, and
conduct a detailed examination of green building standard practices. Utilizing a metficalol
framework that integrates a thorough review of literature,extensive surveys, and advanced
computerbased simulations, the research evaluates the collaborative dynamics between
governmental efforts, the private sector's initiatives, and communitifcipation. The
outcomes reveal significant policy voids, with the Sa'fat framework leading to energy savings
between 10% and 47% in different cases as assessed by W& I&Btware, underscoring the
imperative of tailored sustainability approaches. fiil@ncial examination, however, indicates

the economic impracticality of certain scenarios, such as the extensive payback period of 51
years for green roofs, versus the 8.5 years for tgfaeing, necessitating a judicious balance

of costeffectivenessn sustainable methodologi€he dissertation's primary recommendations
advocate for a more systematic integration of policies, informed by international benchmarks
such as BREEAM, and the establishment of more definitive guidelines to differentiateelse lev

of certification within the Sa'fat system. Emphasizing the critical role of-dfatan
policymaking and active engagement of all stakeholders, the dissertation proposes strategies to
bolster the efficacy of the system. These strategic recommendat®dgsigned to serve as a
guide for policymakers and urban planners in fostering sustainable urban development in Dubai
and in other rapidly growing cities with similar contexts.

Keywords: Sustainability policies, Dubai residential areas, Energyn s u mpt i on, Al

GBRS, Environmental awareness
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CHAPTER 1: INTRODUCTION

1.1 Overview

In the dynamic urbafabric of Dubai, the current study provides a critical evaluation of
the effectiveness of policies and regulations aimed at encouraging sustainability within
residential areas. Despite the introduction of green building rating systems, their practical
impact onnational residential communities has not been significantly felt. This shortfall
motivates my research, which seeks to assess these policies' efficacy, uncover the barriers
deterring homeowners from sustainable practices, and propose extensive reconmendati

This research leverages compthased simulations for a deeper understanding of green
building standards and waste management strategies. It critically assesses the current situation,
considering the strengths and limitations of existing approadhas, explores potential
improvements. The study closely examines the contributions and responsibilities of
governmental agencies, the private sector, and residents, evaluating their collective effects on
the environment, economy, and society.

The primary ofectives include identifying policy gaps, proposing enhancements, and
providing practical recommendations, contributing valuable insights to the existing literature on
sustainable practices in residential housing. Methodologically, the study employstarsttu
approach involving a literature review, stakeholder interviews, surveys, and coinaseer
simulations. The thesis unfolds logically from a literature review to methodology, featuring a
case study and simulations, concluding with results and reeoaations.

Motivated by recent changes to the Sadf at

aims to evaluate its effectiveness and explore potential governance enhancements in building



permit applications. The study's significance lies in its capaatyguide policymakers,
businesses, and residents, steering Dubai toward a more resilient and environmentally conscious

urban future.
1.2 Motivation of the Study

The motivation for this study is anchored
Green Buildhg System and an ambition to appraise its operational efficacy and governance,
particularly in the context of building permit protocol$he burgeoning concern for
sustainability is propelled by the pressing global warming crisis, where the constaaztion
alone contributes to a considerable proportion of carbon emissions glaldhyn the UAE, a
nation that has seen meteoric growth and is on a steadfast path towards sustainable development,
the impetus for this research is further magnified. &ulm particular, has made substantial
strides in integrating sustainable practices into its urban development strategy, a testament to
which is the Al Sa'fat system instituted by the Dubai Municipality

However, despite these advancements, a signifigap persists in the research
exploring the practical efficiency of these policies, especially in ensuring their translation into
sustainable practices within local residential housirite need to evaluate how these policies
are implemented and enfotteand how aware the local population is of their role in fostering
sustainability, underpins the rationale for this stullye study also seeks to dissect the social
and economic elements influencing the adoption of sustainable technologies andspractice
which are crucial for developing a holistic understanding of the subject.

This research, therefore, is poised to fill these critical knowledge gaps and offer tangible
insights into the practicalities of policy implementation, stakeholder engagementheand

socioeconomic dynamics at play. By doing so, it aims to contribute meaningfully to the body of



knowledge that can inform and catalyze the transition towards a more resilient and

environmentally conscious urban future in Dubai and beyond
1.3 Aims and Objectives

The principal aim of thisresear¢th r i gorously evaluate the I my
policies and regulation§ Al S a 0 forathe pfeBdR®@ )of sustainable practices in
residential neighborhoodde focus is to determinetheu i | di ng env eeffiagy compon
in promoting sustainable development within Dubai's residential sectors. This aim is supported
by several objectives, each addressing key areas of sustainable urban development and
contributing to a comprehensive unstanding of the system's impact and areas for
improvement.

1. To di ssect the existing policies wunder t h
identifying prevailing gaps and suggesting viable enhancements. This involves a
detailed examination of the policyafinework and its alignment with the intended
sustainable outcomes for residential buildings

2. Todelve into the realvorld application of these policies through a case study analysis
of four residential dwellings. This will provide an empirical basisgosae s s t he Sad
Green Buil ding Codeods practi cal i mpl ement
sustainability

3. To evaluate the level of awareness among homeowners regarding existing policies that
encourage sustainable practices within their local hgusieammunities,through
targeted and strategic survey implementation.

4. To understand the perspectives and experiences of a diverse range of stakeholders. This

includes residents, developers, policymakers, and industry professionals whose insights



are crucid in navigating the challenges and opportunities inherent in promoting
sustainable practices within residential neighborhoddslitionally, the research seeks
to explore the socioeconomic factors that influence the implementation of sustainable
practices. This encompasses investigating aspects such as affordability, cost
effectiveness, financial incentives, and the potential barriers faced by residents and
developers in adopting sustainable technologies and practices in Dubai

5. To make a scholarly conhition by filling the significant gap in existing literature.
Specifically, it will identify challenges and assess the effectiveness of policies in
translating sustainability guidelines into actionable practices in Dubai's residential
housing.
The outcome of this research will not only advance the academic discourse but also

provide a pragmatic framework to guide policymakers and stakeholders in shaping a sustainable

urban environment

1.4 Research Outline

The following paragrfapbbamtiegmd i ghas twhel fbe
di ssertation:

- Te Introdustitenttbleaptage for the research,
study and introducing the &iwrobtad deVel ofme
outlines the refcentDebhaingGrsede¢m Biiel diang Sy s
behi ndudwe Bhe chapter defines the researcl
assessing the d&fdtecegy svteemmsandft idhebrSmader s

pl ace wihiraesDdbébnantii al areas.



The l i terature revi evw cahcaapdteenti ¢ s-iyaentdhtesd ¢ s
|l iterature to build a theoretical foundat:
evolution of sustainability in buildings,

residenti al nei ghmerhoddsusamd ntalbé ei Ppparct a
I't also 4 evieeéwsthiaglegi es that I mpact ener g\

setting the groundwork for analyzing Dubai

In this chaptenesthbhbermethodbl!| ogi tal appr oa

the study's aims and objectives. | t i nclu
met hods such as surveys and interviews, thi
analytical itrechoimgetedr ssismd| ati ons. This c¢h:

research adheres t o a ri gorous academic

replicabilGgtyiodihlges. st udy

Focusing on practical applicatiamagl tsiis afh:
selected residenti al dwel lings in Dubai. I
Sd&d at Green Building Code and its i mpact oI

This section combines both quaalciotnmgptrievhee nasn dv
view of the effectiveness of current sust ali
In the 8" chaptey the research presents the analysis of the data collected through various
methods outlined in the methodology. This chapter is crucial as it reveals ttgsnsi

gathered from the case study, stakeholder interviews, and simulations, leading to a
discussion of the main findings in relation to the research questions and objectives.

The discussion chapter interprets the findings, linking them back to the literatew

and theoretical framework. It explores the implications of the results for policymakers,



i ndustry professionals, and residents, and
of sustainable urban development.

This chapter synthesizes thearall findings and offers concrete recommendations for
policymakers and industry practitioners. It discusses the potential for enhancing the
Saodof at system and suggests directions for
sustainable residential developmanDubai.

The final chapter provides a reflection on the research process, acknowledging any
limitations and proposing areas for further investigation. It emphasizes the importance

of continuous research in the domain of sustainability to adapt to eqetgtienges

and innovations.



CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

Sustainability is a topic of great concerns due to the increase in the temperature leading to
global warming. The built environment contributes to 39% of the carbon emissions worldwide.
(Here's how the construction industry can reach-zeeb 2023) Therefor mitigating the
construction industry to be more sustainable can reduce the overall carbon emissions if treated
concisely. UAE is a developed country that is on the continuous runigvighsustainability
and is hosting one of the largest climate change conferences COP28. It has achieved a prominent
position in the global economy through the rapid growth in population and economic growth
which caused a growing number of residential @mmercial buildings which led a significant
impact on the overall electricity consumptidts a response, Dubai has prioritized sustainable
practices and the development of its urban landscape. One crucial aspect of these efforts is the
promotion of gree construction practices integrated into a local Green Building Rating System
(GBRS) called Al Sa'fat, as established by the Dubai Municipality in 2016. However, there is
insufficient data and research that investigates how efficient is these policiesant®ensure
that sustainability is implemented in the local residential housings; how aware are the locals in
their impact in promoting sustainability. | believe sustainability can only be efficient if its spread
between the society and is economicédigsible; therefor the governmental incentives will be
an important factor as well.

2.1.1 Sustainability in Dubai Buildings in the Past

Before modern technology was established, the indigenous people of Dubai engaged in
sustainable living, as evidenced by #rehitecture of historical districts like AAhindagha,

Deira, and Bur Dubai. This traditional design, known as vernacular architecture, featured houses



with courtyards for natural ventilation and wind towers, or Barjeel, to channel airflow. These

early irhabitants coped with the extreme climate without electricity, utilizing passive design
strategies to maximize natural light while minimizing heat transfer through limited openings.

The building materials' high thermal mass also contributed to passivagoGbntrastingly,

contemporary reliance on mechanical air conditioning has overshadowed tHrseedly

heritage, with detrimental environmental consequences. For instance, incorporating wind towers

into residential designs has been shown to reduceaniet cooling needs by up to 39.5%

according to a case stuthken in Abu DhabfRiza, 2014)Y et , gui del i nes | i ke A
lack explicit directives that encourage or mandate the adoption of passive cooling techniques by

homeowners, consultants, atelelopers.
2.2 Sustainability and Sustainable Practices in Residential Neighborhoods

The world is challenged to continuously find better solutions to fight the increase in
temperature, global warming, and most importantly provide it in a way that is durable and
sustainable. Buildings contributes to 40% of the total energy use, 30% setbhéraw materials
and 20% of water consumptions. Therefore, if we can provide a more sustainable house that can
contribute to reducing the overall energy consumption leading teenet According to the
United Nations environmemtrogrammethey have d@ssified buildings into 3 categories one is
the fibusiness as usual Awhich often considers
Afgreeno Paradigm which narrows down each fact c
resources, emissionand biodiversity. The third type and the ideal one is the sustainability
Paradigm, where it adds up three additional factors to the previous mentioned which are the
social and cultural issues, economic constraints, and environmental quality. Thatibean sa

sustainable building canodt be achieved withou



environmental factolLowe & Ponce2009) Thescale that should be taken into consideration

to achieve a green building is as following:

T
T

T

Consumption of nerenewable fuels
Water consumption

Land use

Impacts of site ecology
Greenhouse gas emissions

Other emissions

Solid waste/ liquid effluents

Indoor air quality

Adaptability

Maintenance

The above mentioned isnot C 0 scEial,dée®momis, anslt a i

environmental aspectd.owe & Ponce, 2009)

2.2.1 Definition of Sustainability and its Relevance to Residential Neighborhoods

Sustainable developments have gained attention worldwide at a national level but locally

cities are still aiming d promote sustainability within residentiakighborhoods Many

municipaliieshavealready adopted the $8hapter of Agenda21 which prompts the lescédle

actions in achieving sustainability (Local agenda 21). It has been revealed that neighborhood

planning plays a crucial role in facilitating sustainable development at the local(Eveahg et

al., 2018)

nab
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2.2.2 Importance of Sustainable Practices in the UAE Context

Based on a study conducted by the U.S. Energy Information Administration, the United
Arab Emrates (UAE) ranks 11th in global energy production as of 2021. This positioning
signifies the country as one of the largest energy consumers on a global scale due to the rapid
demographic and economic growth experienced by the UAE over the past few déddgles

Energy Information Administration, 2020he UAE's energy supply primarily depends on the

following sources:

1 Petroleum (40%)

1 Natural gas (59%)

1 Hydroelectricity (1%).

However, to meet the increasing electricity demand, the UAE has intentiongaiodeixs
power generation capacity through the addition of nuclear, renewable, arfdembaburces.

However, at present, the country's primary reliance for electricity generation lies on natural gas.

(U.S. Energy Information Administration, 2020)
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Figure 1: EnergyConsumption Worldwide(Zhang & He, 2022)
2.2.3 High Level Strategies

The UAE has introduced its Energy Strategy 2050, which aims to diversify the country's
energy sources. The strategy includes a mix of 12% clean coal, 38% natural gas, 6% nuclear
energy, and 44% clean energy (such as solar power, wind power, and bidfnelpyimary
objective of this strategy is to increase the share of clean energy in the UAE's electricity
generation capacity to 50% by 2050, with 44% coming from renewable sources and 6% from

nuclear power. This aligns with the UAE's Vision 2021 stratplgin, which aimed to generate
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27% of the country's energy from clean sources, including nuclear pdwerchieve these
targets, sustainable practices are crucial across all building phiisesdesign to demolition.
Emphasis on life cycle assessments msmaterial choices align with sustainability goals.
The term 'end of service life' can refer to either the point at which a material can no longer be
maintained effectively or the moment when an entire building becomes obsolete, even if some
materials ag still functional. Materials that end up in landfills can become hazardous, hence the
importance of choosing recyclable and biodegradable options to lessen environmental impact.
Material selection for buildings should prioritize longevity and sustaimgbdonsidering that
while some materials may lastthe building itself, others require periodic replacement due to
their specific chemical and mechanical resilien@@ing, 2014) There are policies and
guidelines regarding building materials within thesting GBRSyet there is a need for deeper
exploration into the integration of life cycle assessments within the building processes.

2.2.4 Relationship Between Energy Consumption and Building Design

Since buildings contribute to around 40% of energy consompioridwide, designing an
energy efficient building will minimize that consumption with satisfying the comfortable indoor
thermal conditions. There are several parameters that can affect the energy optimization of a
building from a design perspective:

1 Shape factor

1 Transparent surfaces

1 Orientation

1 Thermaitphysical properties of building materials

91 Distance between buildings

1 Passive systems
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According to Pachecet al., 2012in their comprehensive literature review of previous
analysis that has been made wébards to the impact of building design in energy consumption
it has been conducted through a that the factors that have the most significant impact on the
overall energy demand are:

7 Orientation

1 Shape of the building

1 Ratio between the external surfaceaaof the building and its volun{acheco et al.,

2012)

Another important finding is that a building design that prioritizes energy efficiency may
not necessarily align with designs that are more -effstctive or environmentally friendly.
(Pacheco et al., 2012)

2.2.4.1Thermal Physical Properties

Understanding and optimizing the thermal dynamics of residential buildings is paramount
in the pursuit of sustainable and enegffjcient living spaces, particularly in regions with
diverse climate cafitions. The thermal loads of a building, influenced by various factors,
significantly impact energy consumption. In this context, the focus shifts to the intricate
relationship between environmental factors, structural considerations, and key compaients s
as windows. These factors collectively contribute to the overall thermal performance of a
building. Notably, the strategic orientation of a building, the materials used in its construction,
and the Window to Wall Ratio (WWR) play pivotal roles in shapits energy profile.
Additionally, the heat transfer parameters of windows, including théalde and Solar Heat
Gain Coefficient (SHGC), become critical in optimizing insulation and solar heat management.

This discussion aims to explore these key elésmeamprehensively, shedding light on their



individual significance and their interconnected impact on the thermal efficiency of residential
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structures(MehdizadekhRad et al., 2022)

Table 1: ThermalLoads FactorsMehdizadehRadet al., 2022)

Key factors

Comprehensive description

Environmental and struatal

considerations

- Weather Impact: The effectiveness of windows during extrerf
weather conditions is pivotal for maintaining a balance betw
thermal comfort and energy efficiency within a building.

- Sun Path and Seasonal Arcs: The dynamic path of the sun acrg
seasons, influenced by itade, intricately shapes the heating 3
cooling demands, guiding strategic placement of windows to opti

energy performance.

Optimal building orientation

The careful orientation of a building plays a substantial role in influencin
energy needdt allows for precise control over thermal gain, tailored to

specific requirements of each season.

Material composition and

dimensional influence

The thermal characteristics of a building envelope are intricately tied t
selection of constructiomaterials and the internal dimensions of rooms. TH

aspects collectively define the overall thermal load requirements of the bui

Window to wall ratio

(WWR)

A critical determinant of a building's energy profile is the Window to Wall R
(WWR). Higher percentages in this ratio correlate with increased deman
cooling, emphasizing the need for a balanced approach in architectural

and energy efficiency.

Heat Transfer Panaeters

- U-Value: A comprehensive evaluation of a window's insulat]
performance, considering the influence of both glazing and fr
conduction properties- Solar Heat Gain Coefficient (SHGC
Quantifying a window's ability to allow solar radiation, lower SH
values ehance the effectiveness of heat blocking, especially in w

climates.
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- Air Leakage: While air leakage can affect window therm

performance, it is often negligible in practical installations.

Impact of glazing ang Windows serve a dual role iharnessing daylight for illumination whil
components introducing solar heat gain. Nearly 60% of a building's heat transfer o
through glass structures, significantly impacting visual comfort

necessitating a huanced approach to balancing thermal dynamic

a. Glazing Components

As part of the data collection process, an inquiry was directed to a local window and door
company known as WINDOOR PLASTIC INDUSTRIES L.L.C. This company provided
valuable insights into the glass processing stages and pricing. Accordithg tmmpany
representative, the glass production involves several steps, with glass processors handling tasks
such as cutting, tempering, and deciding on the number of glass layers, such as double glazing
or triple glazing. The glass is available in vagythicknesses, ranging from 4mm to 20mm. In
the case of double glazing, the layers are bonded using a spacer, double tape, and silicone
sealant.

As indicated in Table 2, the prices vary depending on the type of glass, with-dtagiey
prices ranging frm 155AED to 250AED per square meter, while triple glazing is priced at 350
AED per square meter. A more-atepth feasibility study is required to evaluate the payback

period associated with the utilization of a triple glazing system.
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Table 2: Glass ConfigurationfWINDOOR PLASTIC INDUSTRIES L.L.C, 2023)

Type Thickness Price per | u-value

m? (AED) | W/m2K

Single glass 6mm 90 AED

Normal Double glazing 6mm reflective  glassi2mm| 155AEDto | 1.8t0 1.4
airspace+6mm clear glass 250AED

Triple glazing 6mm glass+6mm a/s+6mm| 350AED -

glass+6mm a/s+6mm glass

Laminated glass 6mm glass+ 1.54pvb + 6mm glasy 250AED -

Sandblasting of glass 50 ED | -

2.3 Overview of Sustainability Policies and Regulations in Dubai

In 2007, hishi ghness the ruler of Dubai has annou
residential and commercial buildings and properties in the emirate of Dubai must comply with
the internationally recognized environmertandly specifications to turn Dubai into adlthy
city that meets the demands of best practice and the benchmarks of a poigtisnstainable
devel opment. 06 And with that mindset the gover
The Dubai Municipality issued an administrative order whiclmaases the implementation of
Dubai 6s Green Building Regul at(DubaMunitipalty, al | ne

2020)
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2.3.1 Existing Policies and Regulations
2.3.1.1A | S a 0 f @reéen Buildm@ System

In 2020, Dubai municipality announced tBea 6dsthetnew green building guidelines

and it is categorized into 3 types: Silver Sa
are distributes depending upon different factors and elements that are shown below:
a. Microclimate and outdoor comfort
i. SRl values
For all new buildings, all external roof surfaces must comply with a minimum solar
reflectance index (SRI) value.
Table 3: Minimum SRI roof. (Dubai Municipality, 2020)
Type of roof Minimum Roof SRI
Steep sloped roofs (slopes gteethan 1:6) 29
Flat and Low Sloped Roofs 78
ii. Green Roofs
Green roofs@renot a compulsory element to be implemented if you are following the Silver
Sad6fa but itds a compul sory f oindicatethat 308cloat i num

the roof shall be vegetated and making sure of the following:

- the services should be grouped or distributed on each surface to optimize the remaining of
the roof.

- Atleast 150 m"2 of roof area is available on any roof surface.

iii. Colors of the eterior facade
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For all new buildings, at least 75% of the total external walls shall have a minimum
Light Reflectance Value (LRV) of 45%.
iv. Orientation of glazed facades

For all new buildings, one of the following shall be achieved for the sBvaerévhareas
for the gol den aaritériaghalldd takenunto cdsdératian: b ot h
- At least 50% of the total glazed surface shall be facing the angle located between east and

northwest which equals to 135 degrees starting from the east.
- South and wesilazed areas must be treated environment@dybai Municipality, 2020)

b. Thermal comfort

For al and existing building, the HVAC (Heating, Ventilation, and air conditioning system

must be capable of providing the following range of conditions, for 95% of the year:

Type of samples Maximum acceptable
Dry bulb temperature DM: 22.5 DB: 25.5
Relative humidity RH: 30% (min) RH: 60% (max)

2.3.1.2Summaryof Requirements in Silver, Gold, And Platinu a 6 f a

Table 4 presents thecurretUa | ues as specified in the Al
U-value for roofs remains constant across the silyes,| d , and platinum | evel
uniformity suggests that there is no environmental advantage to be gained from any of these
three Sadéfat tiers concerning heat transfer r

consumption.
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Table 4: Brief Of The Silver, Gold, And Platinur@a'fa (Dubai Municipality, 2020)

Aspect Silver Golden Platinum
Heat Transfer co 0.3 W/ntK 0.3 W/ntK 0.3 W/ntK
efficient (Roof)
Heat Transfer co 0.57 WintK 0.45 W/ntK 0.42 WIntK
efficient (External
Wall and exposed
floor)
u-value for window to external wall ratio less than 40%

U-value 2.1 max 1.9 max
Shading Coefficient 0.4 max 0.32 max
Light Transmittance 0.4 min 0.32 min

u-value for window to external wall ratio between 40% and 60%
U-value 1.8 max 1.7 max
Shading Coefficient 0.32 max 0.25 max
Light Transmittance 0.32 min 0.25 min

u-value for window to external wall ratio greater than 60%

U-value 1.7 max 1.5 max
Shading Coefficient 0.25 max 0.25 max
Light Transmittance 0.25 min min

2.3.1.3Dubai Building Code (DBC)
The Dubai building code is an initiative brought up by The Dubai municipality to create an

integrate and unify all building design codes in Dubai. The DBC states that they have embedded
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sustainability within the code, and it also mentioned that developers and consultants shall abide
but the rating system restricted by the Dubai Municipality.
The main elements that improvised sustainable measures in DBC are as following:
- Structure

The building code states that the structural design shall include recycling, reusing, design
life to vary between 1000 years depending on the structure type i.e., building should have at
least 50y e adesigh life, and energy use.
- Dubai sustainable concrdbaseline (DSCB)

The DBC encourages the concrete industry to produce a more sustainable concrete that can
have a less negative impact on the environment.
- Villas
In the villas section with the DBC, sustainability measures were minimal like the ones mention

in the Structurg(Municipality, Dubai Building code&2021)
2.4 Benchmarking of International Green Building Regulations

With the rapid urge to apply sustainability within buildings worldwide, countries have
started initiating guidelines to enforce individualensultants, developers, etc. to embed the

codes they list withing their scope of work. Listed below a qualitative comparison made between

LEED, BREEAM, and Estidama.



Table 5 : BenchmarkingnternationalGBRS. (Alhamlawi et a) 2021)
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GBRS Country | provider year | Building Scoring criteria Scoring
typology mechanism
Estidama | UAE Abu  Dhabi| 2010| Offices, Integrated 1
Urban commercial, | development pearl,2pearls
Planning residential, process; Naturg 3 pearls, 4
Council schools, Systems; Livablg pearls, 5
mixed-use Buildings: pearls
Outdoors. Livable
Buildings: Indoors;
Precious  Water
Resourceful
Energy;
Stewarding
Materials;
Innovating
Practices
BREEAM | UK Building 1990 | Commercial, | Management; Pass; Good
research education, Health and Very good.
establishment residential, wellbeing Excellent;
nonstandard | Energy; Transpor] Outstanding

Water; Materials;
Waste; Land ust

and ecology
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LEED USA

United Stateg
Green
Building

Council

1994

New
buildings, core
and shell,
schoolsretall,
data centers,
warehouse
and
distribution
centers,
hospitality and

healthcare.

Location and
transportation;
Sustainable  sites
Water efficiency;
Energy and
atmosphere;
Materials and
resource; Indoo
Environmeral
Quality;
Innovation;

Regional priority

Certified
(40i 49
points);
Silver (50
59 points);
Gold (6079
points);

Platinum

(80i 110

points)

Alhamlawi et al., 2021Hiscussed in their paper the gaps and results of their comparative

anal ysi s

the figurebelow.

bet ween

Al

Saod6f at

and

ot her [

nternat
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LEED BREEAM
Site Site
50% 50%
40% 40%
Management 30% Energy Management 30% Energy
20%
10%
0%
Waste and Waste and
Water = ) Water
pollution Al Sa’fat pollution
Site
Material IEQ 50% Material IEQ
40%
Management 30% Energy
20%
10%
0%
Waste and Wat
ater .
GSAS pollution Estidama
Site Site
50% Material IEQ 50%
40% 40%
Management 30% Energy Management 30% Energy
20% 20%
10 10%
0% 0%
Waste and Waste and
Water - Water
pollution pollution
Material IEQ Material IEQ

Figure 2: GBRS ComparativAnalysis (Alhamlawiet al., 2021)
The research highlights 4 main rooms of improvemendsr t he Al: Sadéf at GBRS

- Differentiation Enhancement:

Clearly differentiate the four <certification
measures, to drive actual reductiosdrengthening building specifications can incentivize
pursuit of higher levels like Gold or Platinum.

- Operational Focus:

Mandate operational measures in addition to defsignsed ones. Building occupants and
managers significantly influence performansetpassing the impact of leanergy strategies.
Al Saodof at, being new, can prioritize operatio
HVAC schedules.

- Performance Monitoring:
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Systematically monitor Al Saéfuation. lbtegratedi ng pe
benchmarking with a performanbased mechanism, classifying buildings as low, average, or
high performing.

- Scope Expansion:

Broaden Al Sa6fat to balance ene—cregtyc and wat e
metrics for healthy indoagnvironments. Consider insights from emerging peoplaered

standards | i ke the WELL Building Standard to

2.4.1 Comparison with BREEAM In-use: Residential

BREEAM, an acronym for "Building Research Establishment Environmental Assessment
Method," serves as a widely acknowledged benchmarking rating system. The technical
evaluation encompasses nine distinct categories, each assigned specific weights based on their
relative importance, as outlined below:

Table 6: BREEAM In-Use: Residential Categoriasd Weight§ BRE GLOBAL Ltd, 2020)

Category Weight
Management 0%
Health and Wellbeing 17%
Energy 28.5%
Transport 7%
Water 9%
Resources 10.5%
Resilience 14.5%
Land Use Ecology 4.5%
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Pollution 9%

Total 100%

The energy category carries the most substantial weight, underscoring its paramount
significance in terms of sustainability. To undergo assessment, specific evidence is required,
categorized as follows:

Building energy management, which involves meters faiutaling gas, electricity, and water
usage.

The project's Building Information Modeling (BIM) document, demonstrating
compliance.

Results from computeaided modeling.

In contrast, the Sa'fat GBRS employs a classification system without assigned weights,
categorizing buildings under three classifications: silver, golden, and platinum. These
classifications differ in terms of theuwalue assigned to building envelope components such as
walls, glazing and the windowo-wall ratio. Notably, the BREEAM greenuldding rating
system takes a holistic and comprehensive approach to address these components. It encourages
the use of PV panels, monitors energy usage, and, in termsbfes, exhibits differences from

the Sa'fat GBRS, as illustrated beldBRE GLOBAL Ltd, 2020)(Dubai Municipality, 2023)
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Table 7: Comparison between Sa‘fat GBRS and BREEAM. (BRE GLOBAL Ltd, 2020)

Aspect Sa’fat GBRS BREEAM
Definitions, Regulatior|
Application, Ecology & Planning
Building Vitality, Energy | Management, Health and Wellbeir
Categories
Efficiency, Resource Energy, Transport, Water, Resourc
Effectiveness- Water, Resourc¢ Resilience, Land Use Ecolog
Effectiveness Materials & Waste Pollution
Assigned  weights  based ¢
Weight Assignment importance (ranging from 0% f
No assigned weights 28.5%)
Energy Category | No specific weight,
Weight categorizations vary 28.5%

Evaluation Evidence

for Energy Category

Building energy managemer
BIM document, computeaided

modeling

Building energy management, BIM

document, computaaided modeling

Building Envelope

Components

External Walls, Roof, Glazing

External Walls, Roof, Glazing

U-Values for Building

Envelope Component

Varies with classification (Silver

Golden, Platinum)

Different valuesassigned for specifi
components (e.g., 0.2 W/m2K f

Roof, 0.7 W/m2K for Glazing)

Holistic Approach

Specific uvalues for different

classifications

Encourages holistic approag
incorporating various sustainabili

measures beyondvalues
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Promotion ofSpecific | Emphasis on meeting specific | Encourages technologies like H

Technologies values and classifications panels, monitoring of energy use

Monitoring and
Assessment of Energ] Included in the evaluatio

Usage evidence Included in the evaluatiogvidence

Comprehensive approach, coveri
Overall Approach to
Focus on specific criteria for eaq diverse aspects of sustainability acr
Sustainability
classification categories

Specific to Dubai, UAE (local Internationallyrecognized and applie
Global Recognition
context) in various countries

The comparative analysis reveals several key opportunities for improvement. Firstly,
there is a prospect to enhance policy integration and alignment by adopting a more structured
approach akin to BREEAM, whiagbncompasses specific categories and weights, facilitating a
more detailed evaluation of diverse sustainability aspects. Emphasizing evideeck
evaluation, as seen in BREEAM's requirement for specific documentation, can bolster the
robustness of assessnts. Additionally, policies could benefit from providing more specific
guidance on sustainability measures, such as incorporating BREEAM's detailed approach to U
values for building components and explicit encouragement of technologies like PV panels. A
holistic approachjike BREEAM, addressing various dimensions of sustainability, presents
another avenue for improvement. Drawing inspiration from international best practices,
particularly from BREEAM's global recognition, can elevate Dubai's residentielgs to align
with established sustainability standards. Encouraging stakeholder engagement, addressing

regional challenges, and incorporating mechanisms for continuous monitoring and adaptation
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further enhance the potential effectiveness of sustainafaletices in Dubai's residential
neighborhoods.
2.4.2 Gaps in Current Sa’fat GBRS

After comparing the current Sa'fat building code with prominent international green
building standards and research, certain shortcomings have been identified in the Sa'fat Green
Building Rating System (GBRS). Notably, there is a limited distinction between Silver, Gold,
and Platinum certifications, potentially discouraging building owners from pursuing higher
levels. Furthermore, the guidelines lack clarity on crucial aspectaittikghtness, orientation,
and passive design strategies, posing challenges to effective implementation.

In the forthcoming chapters, a detailed examination will be conducted using computer
based simulations to assess the impact of different building elements based on Sa'fat's existing
parameters. This analysis aims to determine whether incorporating elémenisternational
GBRS could enhance the Sa'fat guidelines. The objective is to explore the potential integration
of best practices and benchmarks from leading global green building standards, ultimately
contributing to a more robust and comprehensiv®fguidelines for sustainable construction

and design in Sa'fafAlhamlawi et al., 2021)Dubai Municipality, 2023)

2.5 The Significance of Promoting Sustainable Practices in Residential

Housing

Creating and following a sustainable approach in residehtiasings have several
positive impacts environmentally, socially, and economically.
2.5.1 Environmental Benefits
Regarding environmental advantages, green buildings emit minimal harmful substances

due to the internal circulation of energy and the utilizatiodledn energy sources. Moreover,
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they contribute significantly to the treatment of sewage and wastewater, resulting in reduced
water pollution. Additionally, the environmental benefits of green buildings extend to
minimizing building losses and extending thverall lifespan of the structure, thereby reducing
environmental impactg¢Zhao et al., 2023)

2.5.2 Social and Cultural Benefits

Green buildings provide substantial seemnomic benefits, leading to resource and
financial savings for the government and sbciThis indirectly drives social development and
fosters a green corporate culture among businesses, encouraging environmental responsibility
and reshaping the concept of competition to promote sustainability. it should prioritize-people
centered develapent, creating fulfilling and comfortable living environments. It should also
focus on training professionals in advanced green construction techniques and promoting
innovation in green technology, driving sustainable development in the constructiomyindust
and regional economic growtfZhao et al., 2023)

2.5.3 Economic Benefits

Green buildings offer substantial economic advantages by significantly reducing energy,
water, and material consumption throughout their lifespan in comparison to conventional
buildings This results in substantial cost savings for society as a whole and requires fewer social
resources(Zhao et al., 2023)

2.6 Implementation Benefits, Challenges and Barriers

2.6.1 Benefits of AlSa’fat Rating System
Al Sa'fat exhibits a prominent advantage in temwhthe considerable cost savings that can
be achieved by implementing its energjated measures across the three building types under

study. Among these types, the villa buildings stand out with an impressive 63% decrease in



energy usage compared tetinitial baseline levels. When looking at the entire urban area and

considering the current size of the building stock as well as its projected g¢Aladomlawi et

al., 2021)
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2.6.2 Challenges and Barriers in the Current Building Policies (Sa’fat)

After the analysis made by Alhamlawvet al.,it has been concluded a list of challenges found

in the Al Saodf at

Table 8: Challenges-acingAl Sa'fat GBRS (Alhamlawi Et Al., 2021

Area of improvement

Description

Emphasis on energy

related measurements

The analysis indicated a significantly higher focus on me
related to energy compared to existing Green Building Ra

Systems (GBRSS).

Insufficient
prioritization of water

related metrics

There is a notable drawback in giving proper attention to me
related to water, which is concerning considering the scarci
local freshwater resources in the UAE and the heavy reliang

desalination.

Limited differentiation
among certification

levels

The available certification levels in Al Sa'fat (Bronze, Sily
Gold, and Platinum) lack substantial quantitative distinctions.
differences between these levels are primarily qualita
resulting in minimal variations in the exg performance o

buildings pursuing different certification levels.

G B R S8. (Allhamlawi et al.s2021) | ustr at ed

n
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Inadequate guidance fi
postcertification

building operation

Al Sa'fat lacks clear instructions or measures to ensure effi
building operation after certification. This includes #ibsence g
a recertification mechanism based on actual performance, W

would help monitor and maintain ongoing energy efficiency.

2.7 Challenges and Barriers: Case Study China

According to Zhang and wang, 2013, The most efficient way in implementing

sustainability in buildings is by governmental involvement and by also supporting it with

creating financial incentives. China is one of the leading countries worldwide, yet it has been

assessed that there are 6 barriers facing China from achieving diveffedicy to promoting

energy efficient buildinggZhang & Wang, 2013)

2.7.1 Legal Barriers

The legal framework plays a crucial role in influencing the implementation of building

energy efficiency. The decisions made through political processes and prédirét impact
the willingness of governments to allocate resources for energy efficiency investments. In the

case of China, significant progress has been made in establishing a strong political will and

enacting laws and regulations pertaining to bagdenergy efficiency. However, there is still a

need to comprehensively develop enesgying initiatives to fully meet the demands of the

country.(Zhang & Wang, 2013another important thing to note is that all regulations address

the new bui

dings whereas the existing

2.7.2 Administrative Barriers

bui

Enforcement poses a challenge in China, primarily due to the lack of sufficyant le

penalties for noitompliance with standards Although official legal penalties are in place, they

are rarely enforced in practice due to the weaknesses in the legal system. Previous research

di
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indicates that the execution of provisions within the Enemgys€rvation Law is unsatisfactory,
with only 6% being effectively enforced, 60% poorly executed, and the remaining 34% not
enforced at all. Some provincial governmental departments have failed to recognize the
importance and urgency of building energy @éfncy, prioritizing economic interests instead.
Prior to 2010, 11 provinces had not included building energy efficiency in their overall target
for reducing energy consumption per unit of GFhang & Wang, 2013)
2.7.3 Financial Barriers

According to Zhang anwang 2013, The financial aspect is greatly dependent on the
governmental support to fund such special funds and it has been noticed lack in the following:

1 support towards new technologies

1 Investments in energy efficient developments

2.7.4 Market Barriers

The maket plays a significant role in the implementation of ene@ying incentives
while developed countries have successfully implemented strong and effective-smangy
technical evaluation systems, China is still in the process of establishing a kengive
market for technical evaluation and testing, specifically in the area of heating and cooling
systems. (Zhang & Wang, 2013) Another important reason to validate the market barrier is the
lack of knowledge within many of the Chinese consumers andetisas the Insufficient
financial resources to purchase eneefficient equipment and the high expenses associated
with alternative technologies pose challenges. Additionally, a lack of market transparency acts
as an additional obstacle, hindering investts in energegfficiency production. (Zhang &

Wang, 2013)
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2.7.5 Social Barriers
According to the study, the societybds resp
plays an important role in the implementation and having an effective policy. In China, the
publ i cbs accept an c-efficient buitdihgeis stilldetatvelyddw; aadmamyn e r g y
studies have revealed that the Chinese society have limited knowledge in this matter. It has been
conducted thamany individuals hold the belief that the pEmsibility for energysaving
initiatives primarily lies with the government, rather than linking the improvement of energy
efficiency to their own behaviors. (Zhang & Wang, 2013)
2.7.6 Challenges and Recommendation: Case Study UK
Research has investigated htmeffectively implement Passive House strategies in the
UK. |1t has bgeidelmesdlo n®tinduceechnargd, but enforcement/legislationodoes.
(Minihane & Hashemi, 2021)
2.7.6.1Recommendations
a. Gradual Change
The recommendation is based on concerns igidly implementing significantly
higher standards than what the market is accustomed to may be intimidating and negatively
impact the domestic design and construction industry’'s productiviljherefore, he
combination of gradual change, gradual praity, and growing confidence leads to a
methodical and effective implementation of Passive House standslidhane & Hashemi,
2021)
2.7.6.2GovernmentalSupport
The study emphasized that the success of the program relies on full support and funding

from the WK Government and local authorities. They cautioned that a lack of support or
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inadequate funding would lead to the collapse of the program and negatively impact

employment opportunities for those involvélllininane & Hashemi, 2021)
2.8 Knowledge Gap

The comprehensive literature review conducted reveals significant knowledge gaps
pertaining to the effectiveness of current sustainability policies in Dubai, particularly in the
context of local housing. The identified gaps encompass multiple dimensions.

Firstly, there is a notable lack of research assessing the implementation and enforcement of these
policies. An assessment criterion is essential to determine how well intended policies are
translated into practice and to evaluate the level of complianten@ residents and
stakeholders. Subsequently, a case study will be conducted, scrutinizing eight local residential
dwel lings to assess the implementation of
contribution to sustainability.

Secondly, there is critical need to understand the perspectives and experiences of
various stakeholders, including residents, developers, policymakers, and industry professionals.
Exploring their viewpoints can provide valuable insights into the challenges, barriers, and
opportunities for promoting sustainability in residential neighborhoods.

Thirdly, a knowledge gap exists regarding the socioeconomic considerations of
implementing sustainable practices in residential areas. This involves investigating the
affordability asjects, coskffectiveness, financial incentives, and potential barriers to the
adoption of sustainable technologies and practices by both residents and developers in Dubai.

Lastly, a significant gap in scholarly research is noted, specifically in ideigtifyin
challenges and assessing the effectiveness of policies in implementing and translating guidelines

in residential housing in Dubai. This underscores the necessity for more robust academic

t
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exploration and research in this domain to better inform and irapcawent sustainability
initiatives.
2.9 Initiatives Design Guidelines Worldwide
2.9.1 Germany KfW (Kreditanstalt fir Wiederaufbau)
KfW, a public development bank, actively finances and promotes sustainable
development in various areas, including green energgyation, infrastructure, and education.
It extends its funding to projects both within and outside of Germany. The bank also plays a
significant role in lending for affordable housing and housing sustainability, supporting home
loans, renovations, anchergy upgrades. Additionally, KW provides technical expertise and
conducts ongoing project evaluation and research, influencing government policies and shaping
priorities for social, economic, and environmental investn{&néditanstalt fur Wiederaufbau,
2018)
2.9.2 Canada Greener Homes Grant
The Canadian officials offer various incentives, including grants and tax credits, to
encourage sustainable building practices. Programs like the Canada Greener Homes Grant and
the Net Zero Homes Grant provide financigbgaort for energyefficient and environmentally

friendly housing projectfCanadaCanada greener homes initiati2€23)
2.10 Proposed Solutions to Implement Policies

This section will highlight the outcomes of the reviewed literature, it was witnessed that
there is several parameters and areas of improvements that once assessed it can have promising
results in the effectiveness of the sustainable policies related to implementation in local
housings:

- Governmental financial support
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- Initiation of sustainable inggtion authorities
- Raise of awareness amongst locals and individuals
- Regular improvisions in the green building standards

- Stakeholders and policymakeréds input
2.11 Factors Affecting Energy Consumption of Residential Buildings

In the context of energy consumptjdRafsanjani (2016) delineates four key sources: the
building's physical characteristics, the attributes of appliances and systems, the characteristics
of occupants' energy behavior, and the influence of climate characteristics. For the scope of this
study, my primary focus will delve into the realm of building physical characteristics. This
includes a comprehensive examination of architectural design, building insulation, building
orientation, and the materials employed in both construction and overalbosdion.
Understanding and optimizing these facets are integral to developing a nuanced understanding
of the building's energy consumption pattefRafsanjani 201@lso bringsattention to several
oftenroverlooked aspects within the field of energy aonption research. One critical aspect
involves the necessity for researchers to clearly define the scope of their studies, particularly in
terms of energy types, such as primary and final energy, or total, embodied, and service life
energy. Failing to maksuch distinctions could compromise the precision of conclusions drawn
from research results.

Another significant consideration pertains to the timing of data collection, especially in
the context of questionnaire surveys. The review underscores the amgodf normalizing
data based on degree dates and distinguishing between working andrkong days to obtain
more insightful results. The choice of the energy consumption unit, whether expressed per

capita, per household, or per square foot, has @aslad impact on decisiemaking outcomes.
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Additionally, the ofteroverlooked factor of cost emerges as a crucial parameter, particularly
when evaluating the tradsf between the initial cost of energgving materials and appliances
and their longtermbenefits.

Furthermore, researchers are encouraged to critically assess the indirect influence of
various factors on energy consumption. Understanding not only the direct effects but also the
reciprocal influences of factors on each other is essewidhout considering these indirect
effects, a comprehensive understanding of the role of factors in influencing energy consumption

is not possible(Rafsanjani, 2016)
2.12 Summary of Scholar’s Findings

Embarking on a detailed exploration of scholars' findinigs, section distills critical
insights from the literature review on sustainability in Dubai's construction industry. It
commences by highlighting Dubai's commitment to sustainability, emphasizing the pivotal roles
of Al Sa'fat and governmental incentiveBhe historical lens illuminates sustainability in
vernacular architecture, while the contemporary examination scrutinizes the substantial impact
of buildings on energy, materials, and water use. The UAE's global energy prominence and
ambitious targets werscore its sustainability initiatives. However, challenges within Dubai's
Green Building Regulations and Al Sa'fat GBRS become apparent, necessitating careful
consideration. International comparisons and case studies from China and the UK offer
invaluabke comparative perspectives and actionable recommendations. Recognizing a
knowledge gap, the review advocates for more research, and insights from global initiatives
provide potential pathways to fortify Dubai's sustainability policies in residential drkas.
ensuing sections delve into the nuanced aspects meticulously unveiled by scholars in their

exhaustive literature exploration.
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Topic

Key Scholar Findings

Relevance to Research

Topic

Sustainaility in
Dubai's
Construction

Industry

- Dubai aims for sustainability due to its impact on
global warming.- 39% of global carbon emissions
come from the built environment.

- Dubai's Al Sa'fat (GBRS) promotes green construc
practices.- Limitedresearch on the efficiency of
sustainability policies in local residential housing.

- Governmental incentives are crucial for

sustainability.

Highlights the role of Al

Sa'fat and governmental

incentives in promoting
sustainability in residential

neighborimods in Dubai.

Sustainability in

Buildings in the

- Vernacular architecture in old areas of Dubai refleg
past sustainability practices.

- Natural ventilation, wind towers, and thermal mass

Provides insights into
traditional sustainability

practices that can influence

Residential Areas

Past were common. current policies in residentia

- Passive design for harsh climates withelgctricity. neighborhoods.

- Buildings contribute significantly to energy use, raw

materials, and wier consumption: UN classifies Directly relevant as it
Sustainable buildings into three paradigms: Business as usual, explores factors influencing
Practices in Green, and Sustainability.Sustainable buildings sustainability in residential

consider social, economic, and environmental factor
- Various factors affect sustainability, including fuel

consumption, water use, emissions, and more.

areas, aligning with the

research topic.
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Sustainability
Policies in the

UAE Context

- UAE ranks 11th in global energy productio

- Energy Strategy 2050 aims for 50% clean energy
2050.- Buildings contribute to 40% of global energy
consumption: Dubai's Green Building Regulations
and Al Sa'fat GBRS are key sustainability policies.
- Energyefficient building design is critad for

reducing consumption.

Directly relevant as it outline
key sustainability policies in
the UAE and their impact or|

residential neighborhoods.

Topic Key Scholar Findings Relevance to Research
Topic
- Dubai announced green building regulations in 200
- Al Sa'fat, introduced in 2020, has Silver, Golden, a
Platinum categories.
Provides an overview of
- Requirements include SRI values, green roofs, fag
Overview of Dubai's sustainability

Sustainability

Policies in Dubai

colors, and glazed facades' orientation.

- Dubai Building Code integtes sustainability
measures: Challenges identified in Al Sa'fat include
energy

-focused measurements and insufficient weséated

metrics.

policies, including Al Sa'fat,
with insights into challenges

relevant to the research topi

Benchmarking
International
Green Building

Codes

- Comparison of GBRS: Estidama (UAE), BREEAM
(UK), LEED (USA).

- Estidama focuses on integrated development, natu
systems, and livable buildingsBREEAM and LEED
havedifferent categories and scoring mechanisms.

- Lack of clear quantitative distinctions between Al
Sa'fat certification levels.

- Gaps in airtightness, orientation, and passive desig

strategies.

Comparative analysis of
international green building
codesprovides context for

assessing the effectiveness

Dubai's policies.
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Benefits,
Challenges, and
Barriers of Al

Sa'fat

- Al Sa'fat shows cost savings, with villa buildings
achieving a 63% decrease in energy usage.

- Challenges include an emphasisamergy metrics,
insufficient waterelated metrics, limited
differentiation among certification levels, and
inadequate guidance for pesertification building

operation.

Relevant as it assesses bof
benefits and challenges of A
Sa'fat, offering insightmto
its effectiveness in residentia

areas.

Challenges and
Barriers: Case

Study China

- China faces legal, administrative, financial, market,
and social barriers to energgfficient building policies,
- Legal framework and enforcement are crucial.

Financial support, market transparency, and societa

awareness are challenges.

Offers comparative insights
into challenges faced by
another country, aiding in
understanding potential
barriers to policy

effectiveness in Dubai.

Challenges and
Recommendations

Case Study UK

- UK's implementation of Passive House strategies
requires gradual change and governmental support.
- Gradual change prevents negative impacts on the
industry.

- Full government support is essential for program

success.

Provides recommendans
for effective policy
implementation, offering
insights applicable to Dubai’
residential sustainability

policies.

Knowledge Gap in
Dubai's
Sustainability

Policies

- Lack of research on the effective implementation o
sustainability policies in Dubai's local housings.
- Areas for improvement include implementation
assessment, stakeholder perspectives, socioeconon

considerations, and idepth scholar studies.

Addresses a critical gap in

research, emphasizing the
need for assessing policy
implementation in local

housings in Dubai.




41

Initiatives Design

- Germany's KfW bank actively finances sustainable

Offers insights into global

Guidelines development. initiatives, providing potentia
Worldwide - Canada offers incentives likke Greener Homes models for enhancing
Grant for sustainable housing projects. sustainability policies in
Dubai's residential areas.
Proposed - Governmental finarial support, sustainable Offers potential solutions to
Solutions to inspection authorities, awareness raising, regular enhance policy effectivenes
Implement improvements in green building standards, and in promoting sustainable
Policies stakeholder involvement are proposed solutions. practices in residential

neighborhoods in Dubai.
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CHAPTER 3: METHODOLOGY

3.1 Introduction

This chapter will discuss the various methodologies employed in this research to ensure
accurate and comprehensive results. Previous scholars and studies irasgagdrave utilized
a combination of methodologies, particularly the integration of quantitative and qualitative
approaches, known as a mixewhde method. However, this research will also explore other
methodologies to assess their applicability, consideriboth their advantages and
disadvantages. The primary objective of this study is to evaluate the effectiveness of current
policies and regulations in promoting sustainable practices in residential neighborhoods in
Dubai. Key considerations in selectirigetappropriate methodology include determining how
to assess the existing policies and identifying the tools and techniques available to yield the

desired outcomes.
3.2 Research Approach and Types of Methodology

In this study, various research approaches are available based on the available resources
and desired outcomes. The first approach is the qualitative approach, which involves conducting
literature reviews, gathering people's feedback, and performing catmpaanalysis. This
approach aims to explore the experiences and perspectives of individuals, providing a deeper
understanding of the effectiveness of policies and regulations. The second approach is the
quantitative approach, which focuses on numericalysis, simulations, and statistics. By
collecting data and utilizing statistical methods, this approach provides objective measures to
assess the impact of sustainability practices. Lastly, the mnetdods approach combines both
qualitative and quanttive methods. It involves interviews, surveys, literature reviews, and

simulations, enabling a comprehensive evaluation of policies' effectiveness and the
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identification of potential improvements. In the following chapters, each of these methodologies
will be explained, highlighting their advantages and disadvantages. The goal is to determine the
most appropriate approach to address the research question and provide valuable insights into
promoting sustainable practices in residential neighborhoods.

3.2.1 Literature Review Methodology

A literature review is a comprehensive qualitative approach analyzing the existing
information on a specific topic or research question. It helps researchers understand what has
already been studied in their field to avoid duplimatiA literature review goes beyond listing
sources by analyzing and synthesizing key themes or issues. It serves as background for larger
works or can stand alone as an independent piece of resEaineppard, 2019)iterature
review have shown to be siessful at providing a comprehensive understandings of other
scholars work on the effectiveness of the policies in promoting sustainability within local
housing communities. This approach reveals the current obstacles, trends, opportunities, and
ways of inprovements in policies to aid in promoting sustainability.

Lu et al. (2020) emphasize the importance of future policymakers prioritizing the
establishment of a reliable and credible database system for policy analysis to ensure accurate
and highquality dda. They highlight the significance of information transparency, advocating
for easily accessible databases that include essential building details, energy consumption data,
and energysaving recommendations. The authors also stress the need for firsapgalt to
overcome cost barriers and increase awareness of the benefitsreinmesition improvements.
Additionally, they recommend the implementation of a rewsedalty mechanism to
incentivize energy efficiency and promote the adoption ozest errgy buildings through
assessments and penalties. Furthermore, the authors highlight the role of smart devices in

enhancing energy efficiency and monitoring capabilities, thereby contributing to the
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development of smart buildings and citiegfez et al.(2023 conducted a systematic literature
review on energy efficiency in buildings and its relationship to carbon mitigation and sustainable
development. They analyzed 134 papers from reputable databases, categorizing them into
review articles, conferenceqreedings, and regular articles. The review articles provided an
overview of green building rating systems, policies, technologies, and strategies for improving
energy efficiency. The other articles explored specific aspects of energy efficiency arsggdropo
decisionmaking methods. The findings serve as a valuable reference for stakeholders and
policymakers, offering motivation and guidance for future research in this field. All the
systematic reviews have shown that they can produce promising resaithiaving and
enforcing sustainability.

3.2.2 Computer Simulation Methodology

Computer simulation method is the use of comphssed software to model and
analyze models based on certain given parameters and it is useful, relatively feasible and less
time consming compared to redime practical simulation and yielding a quantitative
approachAl kanani et al., 201@ddresses the issue of energy efficiency in residential buildings
in Saudi Arabia, where the heavy reliance on air conditioning systems duehiot ttlenate
results in high energy consumption. The study emphasizes the need for strategies to reduce
energy usage and proposes passive architectural design principles and insulation materials as
viable solutions. Using Sefaira energy simulation softwar&anani et al., 201¢onducted an
extensive study in three major Saudi cities, evaluating the impact of insulation materials on
energy performance. The simulations indicated that incorporating polyurethane thermal
insulation in external walls could ledal a significant reduction of over 30% in cooling energy
consumption. These findings highlight the potential for implementing sustainable practices and

energysaving design measures in the construction sector of Saudi Arabia. We can follow the
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same methamlogy it assesses the effectiveness of the current polices by simulating two case
studies of local dwellings and create a comparison analysis and therefor tackle the issues found
in the results.
3.2.3 Mixed-Mode Methodology

In a mixedmode methodology, the ap@h is a comprehensive blend of a quantitative and
qualitative methods where the overview of other scholar works, questionnaires and surveys
provide the gaps and issues of implementing sustainability in local housings and to support it
with computefbasedsimulations. This approach is the optimum in case of practicality for my
research topicAbuseif et al. (2023) conducted a study to evaluate the effectiveness of different
green roof settings in reducing energy consumption. They employed three methadologie
literature review, identification of influential parameters, and running various scenarios to test
the impact of these parameters.The research yielded valuable insights into which parameters
significantly influenced energy reduction. A similar approaelm be applied to assess the
current sustainability regulations in Dubai, identify the parameters affecting energy
consumption, and create two models representing houses constructed within the past 5 years
and within a range of-20 years. Through testirapd comparative analysis, this approach can
help identify gaps and propose strategies for policy enforcement.

3.3 Pros and Cons of Research Methodologies

3.3.1 Prosand Cons: Literature Review

A literature review is a comprehensive process that involves critieaflijuating and
summarizing existing research on a specific topic. It goes beyond simple referencing and
requires significant effort and skill to analyze and synthesize the available literature. However,

it has so good and drawbacksliterature review i@ systematic process that allows researchers
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to synthesize information, draw conclusions, and contribute to new knowledge. Through critical
evaluation and summary of existing research, researchers gain a comprehensive understanding
of the topic and beconfamiliar with the current knowledge in their field. Literature reviews
also help answer questions by analyzing the existing body of knowledge on a specific subject.
On the other hand, the disadvantages of conducting a literature review include the time
comrsuming nature of the process, as researchers must collect and evaluate a large amount of
research. Identifying quality sources can be challenging due to the abundance of available
information, particularly in less popular topics. Some literature reviews bmadescriptive
rather than critically analytical. Key aspects of a literature review involve clear organization,
avoiding bias, and proper citation using recognized referencing sygRamnan, 2023)

3.3.2 Pros and Cons: Computer-Based Methodology

Qualitativedata analysis software is advantageous due to itssawieg capabilities and
ability to manage large datasets effectively. It offers researchers flexibility in exploring and
interpreting data, leading to increased validity in qualitative research. ldovg®me concerns
arise regarding the software's potential to enforce rigid processes, and methods for accessing
data. while disregarding more opended analysis. There is a risk of treating data as fixed
entities, potentially neglecting their dynamicurat Additionally, the learning curve associated
with software usage, commercialization challenges, and the possibility of researchers becoming
overly focused on technical aspects rather than analytical work are additional drawbacks to
consider. (John & Jmson, 2000)

3.3.3 Pros and Cons: Mixed Mode

Mixed methods research combines qualitative and quantitative data to achieve a
comprehensive analysis. It leverages the strengths of each approach, such as the rich insights of

qualitative data and the generalizalilitf quantitative data. By integrating the two, researchers
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can address the limitations of using either method alone. Mixed methods research offers
flexibility in study design, allowing researchers to combine different approaches and generate
both theoriesnd testable hypotheses within a single study. This integration provides a broader
perspective and enhances the understanding of the research topic. On the othmixeand,
methods research requires significant time, effort, and resources due to itgtabsive
nature. The process of collecting, analyzing, and synthesizing both qualitative and quantitative
data is complex and often requires collaboration among interdisciplinary teams. This can result
in higher costs compared to standalone studiesth@nahallenge is interpreting conflicting
results, where discrepancies between the qualitative and quantitative findings or the presence of
confounding variables can make it difficult to determine how to proceed. Additionally, the
distinct forms of the tw types of data make systematic comparison and integration challenging,

potentially introducing bias during the interpretation stage.
3.4 Research Method and Justification

Research into policy effectiveness for sustainability, particularly in the context of
residential neighborhoods in Dubai, requires a nuanced approach that captures both qualitative
and quantitative aspects. Drawing on successful precedents (Abuseif et al., 2023; Lu et al.,
2020), a mixedgnode methodology is chosen to comprehensively asBessffectiveness of
current policies.

3.4.1 Justification of Mixed-Mode Methodology
The mixedmode methodology, demonstrated by Abuseif et al. (2023), combines a literature
review, identification of influential parameters, and scenario simulations to assess the
effectiveness of green roof settings. This approach aligns with the multifaceted nature of

sustainability policies, demanding both qualitative and quantitative insights.
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Lu et al. (2020) further support this choice, advocating for a mixede approach to
policy analysis, incorporating literature review, simulations, and statistical analysis. Their
emphasis on understanding the human dimension aligns with the unique characteristics of
Dubai's residential communities.

The research problem centers on a @itievaluation of the effectiveness of policies
designed to foster sustainable practices. To address this comprehensively, it is necessary to
adopt a mixednode methodology that incorporates both qualitative and quantitative measures.
Qualitative aspectsush as thorough literature reviews and homeowner perceptions, provide
depth and context, revealing the practical implications and reception of policies on the ground.
The quantitative component, which includes comphtsed simulations of case studies
adrering to the current green building rating system, offers empirical support and objective
anal ysi s. This dual approach ensures a holi s
application, allowing for a nuanced understanding of policy efficacy andttrplay between
regulatory intent and actual environmental outcomes. By synergizing these methodologies, the
research can deliver a Trobust evaluation of
perspectives and dathiven insights.

3.4.2 Application to Dubai's Context

Dubai's rapid urban development and diverse residential communities necessitate a
research approach that captures the intricacies of policy implementation. Surveys and interviews
with community members and policgakers provide qualitative irggits into experiences and
perspectives, in line with Lu et al.'s (2020) recommendations.

The research is designed to uncover the primary barriers to sustainable practices from cultural,
economic, and environmental perspectives. To facilitate this, thg siasl formulated 10

targeted questions, derived from key challenges highlighted in the literature review, ensuring
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homeowner perspectives are integral to the analysis. The integration of these insights is vital for
a comprehensive understanding of the leimgles and for developing a holistic view of the
effectiveness of sustainability policies within Dubai's residential areas.
Additionally, computetbased simulations, as demonstrated by Al kanani et al. (2017) using the
Integrated Environmental Solutionsritial Environment (IESVE) software, offer a quantitative
assessment of policy impacts on energy consumption. This approach complements qualitative
findings and ensures a comprehensive evaluation.

3.4.3 Integration of Research Components

By integrating surveysnterviews, literature review, and simulations, the research aims
to provide a nuanced understanding of the current policy landscape. This-nmoxed
methodology, aligned with successful studies in similar contexts, seeks to identify areas for
improvement ad enforcement.

In summary, the chosen mixedode methodology, blending qualitative insights with
objective quantitative measures, is tailored to the unique characteristics of Dubai's residential
neighborhoods. This approach forms a robust foundationvé&du&ing and enhancing current
policies.

3.5 Methodological Framework

Thefigure below depicts the sequence of phases that will be followed in the research. The
key milestones of the study involve comprehending previous research and lessons learned
through a review of relevant literature. This will be followed by comparing the fiadarnitp
the context of Dubai. Additionally, the research aims to identify communal feedback and the

obstacles hindering the implementation of sustainable policies in residential buildings. To
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achieve this, a computbased simulation will be conducted, fsag on two case studies: one
house built within the past 5 years and another within the past 10 years.

Furthermore, the research will involve examining a samplédofises within a specific national
housing area. This analysis will provide valuable insgnto the proportion of thegehouses

that adhere to the stated policies. Based on these findings, the research will then evaluate
proposed recommendations that can significantly reduce energy consumption and promote

sustainability.

Data Collection

Literaturs review

datzrmination of paramaters

Intervisw + surveys

refinsd paramsters

two model cases + computer-
baszed simulations

5-vwear old residential hovss case 1(wear old residential hovse case

Comparative analysis

Gaps identification in current
licies

Exglor &aability and waws to
male policie: more implentable and
achizve sustainability

Figure 3: Methodological Framework
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3.6 Case Study: Local Housing Community (Al Mizhar 2)

3.6.1 Introduction
This chapter delves into a comprehensive case study featuring eight distinct villas located in a
residential neighborhood in Dubai. The primary Igoa to evaluate the reaorld
implementation of sustainable practices within a Dubai community, encompassing residences
constructed at various points in time.
It's noteworthy that some of these villas precede the introduction of the green building rating
system in 2011. Each villa serves as a unigue representation of sustainable living, capturing the
interplay between architectural design, construction methods, and homeowner choices. Through
this analysis, our aim is to glean valuable insights into thetioal application of sustainable
practices and their alignment with existing sustainability policies and regulations in Dubai.
In the upcoming section, one of the villas will undergo further investigation, employing
computerbased simulations to asseasrent energy consumption and explore potential avenues
for enhancing the sustainability of residential buildings

3.6.2 Context of the Community
Al Mizhar second is a growing local housing community with a population of 11,967. The main
common building type in the community is medisimed mansions with backyards, however
the building typology varies due individuals building preferences and thatasveldsn almost
all local housing community within Duba\l Mizhar second has an area of 4.3%nith 1,242
dwellings as in 2019 out of 1,418 available plots. according to the housing population statistics
from Dubaihere. As shown in Figure 3. Mizhar 2is surrounded by 2 main roads: Al

Khawaneej street from the south and Sheikh Zayed bin Hamdan Al Nahyan.
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Figure 4: Al Mizhar 2 addressing boundaf&oogle & Airbus, 2023)

3.6.3 Residential Buildings Context

The residentiastructures in AMizhar Second are relatively modern, with a significant
portion of the construction occurring within the past two decades. Figure 4, displayed in the
graph, chronicles the period from 1980 to 2008, starting in 1994 when only three heuses w
established. The community witnessed a consistent growth in development, with the number of
villas surging notably from 2000 to 2004, resulting in a total of 200 residences. Notably, by
2008, a significant 86.2% of these villas were constructed ritretintroduction of the green
building rating system, which was announced in 2008. However, 23% of the overall constructed
buildings adhere to the 2008 green building code, while 10.5% adhere to the 2011 green building
rating system.

Considering the @ammunity's growth, as seen in Figure 5, we notice the continuous
expansion of residential buildings, in line with what Figure 4 presents. To ensure a
comprehensive evaluation, our case study selection covers different time periods. It includes
villas constucted before any green building standards existed, those built according to the 2008

regulations, and others constructed after 2011 under the green building rating system. This broad
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approachv allows us to thoroughly assess how these policies promotairalslity across

various timeframes and regulatory guidelines.
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Figure 5: The increased number of villas in Mizhar 2 in the period between 19
and 2008.
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Figu?e 6: The evolution ofAl Mizr second frorr; 2‘0023.(C'§.oﬂogle):§ Airbus, 2023

3.6.4 Case Study Selection and Justifications

To assess the effectiveness of current policies in the context of local housing, the case
study involves eight villas in AWlizhar 2, a notable local housing community in Dubai. These
specific villas were chosen due to the homeowners' familiarity with the research and their
consent for participation. The examination encompasses a comprehensive review of key
architectural parametersjcluding energy consumption, the wadlwindow ratio, materials
used, orientation, and passive design features. Notably, the selected villas span different
construction periods, enabling a comparative analysis to determine whether newer constructions
exhbit improved, similar, or reduced sustainability considerations compared to older ones.
As shown in Figure 5, the key map highlighting the locations o4 thikas within Al Mizhar 2
that will be used as case studies of this analysis which will be assessed using the parameters
highlighted above. However, the4eillas were chosen due to permission from villa owners to
use their plans and electric bills for the research purp@besdetails of the villas in terms of

plans and elevations will be placed in Appendix A.
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Figure 7: A local housing community in DubaiAl Mizhar Second(Google & Airbus, 2023

3.6.4.1Villa 1
Villa number one is allocated along the frontagé bKhawaneej street as shown in figure
4. And it has an area of arouB¢r17 sgmt with dimensions of (65.9 x 65.9) sgmt. The villa
undergoes the Dubai building codes available in 2008 since construtaiteds2008 and

completion certificate was issued 2013.
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A. Building plans

The floorplans have an4shape plan having the long side of the L shape oriented towards
the Northsouth side and the shorter end towards theveest side as shown in the figures

below. Most bedrooms are in the south facade, with few in the west and north side.

' Majlis 1
I | Terrace
1 owic | i

Dining room, . |
IJ:N wi/C Bedroom %
Kitchen 1
‘amily roos

I
I— I | w/C
I\\'umen Majlis iy oo ] i Living room !
! 6 I Bedro 1
Corridor —I — I - —— :nmd"r
e Stairs wiC| wiC Budrmﬂiﬂmnm W/C | WIC B‘Ed“’"’j Bedroom |: I— Bedroom |Bedroom [ o
Figure 9: Ground floor plan Figure 8: First floor plan.
(Dubai Municipality, 2023) (Dubai Municipality, 2023)

B. Window to wall ratio analysis

The optimum WWR is between Zb% (Bhandari & Tadepalli, 2019) however the vi

overall window to wall ratio is 10.67% which is better in terms of heat transfer through radiation.
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Figurel2

Figurel3: Back elevation
(Dubai Municipality, 2023)

left elevation (Dubai Municipality,
2023)
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building permit was issued

i n 2

for 7 years. The villa abides by the first green building regulatianeysmn named fAgr een b

regul ations and specificationso the one

B. Summary

Table 10: Summary of villa #1.

Building Design component

Description

Orientation North-south orientation
Height G+1+stairs roof top
Built up area 1,362 sgm

Passive Solar Design

Insulation

Insulated walls and roofs

Windows and Glazing

Double glazed windows with minimal thermal bridging

Roof Design -
Ventilation All spaces receive adequate natural ventilation
Daylighting All spaces receive adequate daylighting

Space Layout

Excessive number of walls within the villa

Material Selection

Concrete, stone (cladding), double glazed windows.

Sustainable Technologies

Energy Efficiency

Water Efficiency

Overall Building Design

The building has a wind catcher at the entrance to catch the prey

wind however the area beneath

enf or
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3.6.4.2Villa 2
From an urban context, Villa number two is accessed from a local street and is situated in
the same block as villa #1 but is not exposed to any highways therefor noise levels are lower.

A. Building plans

Figure 14: Ground floor plarand First fbor plan. (Dubai Municipality, 202:

The design features an organic shape characterized by circular geometry, as depicted in
figure 13. Access to the villa is located on the eastern side, with the majority of rooms positioned
to the north@ maximize the intake of natural diffused light. Additionally, there is a swimming
pool situated in the southwestern area.

B. Regulatory compliance

The villa got its permit issued in 2001, henc

system.

C. Sumnary



Table 11: Summary of villa #2
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Building Design component

Description

Orientation North-East orientation
Height G+1+stairs roof top
Plot area 3,716 sgm

Passive Solar Design

Insulation

Windows and Glazing

Roof Design -
Ventilation All spaces receive adequate natural ventilation
Daylighting All spaces receive adequate daylighting

Space Layout

Excessive number of walls within the villa

Material Selection

Concrete, stone (cladding), double glazed windows.

Sustainable Technologies

Energy Efficiency

Water Efficiency

Overall Building Design

The villa has a modern look to it, despite being built early 20
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Villa 3

The villa was permitted in 2009 and finished being construct2dia

A. Building plans

The building typology is a rectilinear geometry with the main entry being from the south.

The villashavemost ofits openings on the east and west elevations.

Figure 15: ground floor plan and first floor plan(Dubai Municipg|iR023)
B. Window to wall ratio analysis

As shown in figures 136, the average window to wall ratio for villa no.3 is 11.10% which

is also lower that the optimal ratio which is around 228%o.
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Figure 16: Front elevation, rear, right and left. (Dubai Municipality, 2023)




C. Summary

Table 12: summary of villa no.3
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Building Design component Description
Orientation North-Eastorientation
Height G+1+stairs roof top
Built up area 826sgm

Permitted 2010

Constructed 2011

Passive Solar Design

Insulation

Windows and Glazing

Roof Design -
Ventilation All spaces receive adequate natural ventilation
Daylighting All spaces receive adequate daylighting

Space Layout

Excessivaenumber of walls within the villa

Material Selection

Concrete, stone (cladding), double glazed windows.

Sustainable Technologies

Energy Efficiency

Water Efficiency

Overall Building Design

The villa has a modern look to it, despite being kaslly 2000s
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3.6.4.3Villa 4
The villa permit was issued in 2010, and the building was finished in 2011. The building is
north oriented however the openings are distributed all over the building envelope. The villa has
a builtup area of 431.2 sgm.

A. Building plans

The plans illustrated below for villa no.4 shows that the openings are minimal.
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Figure 17: ground floor plan and First floor plan (Dubai Municipality, 202:

B. Window to wall ratio analysis

The front elevation has the leaghdow to wall ratio with 11%, and the other elevations
has 13.6%,17.18%, and 14.5% for the right elevation, rear elevation, and left elevation

respectively. The overall average window to wall ratio is 14.07%.
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Figure 18: front elevation, right, rear, and left elevations (Dubai Municipality, 20

3.6.5 Residential Case Study Conclusion

Upon evaluating four distinct residential villas within the Al Mizhar 2 national housing
community, built across various periods, the analysis yielded several important observations.
While not all villasof the communitywere assessed, the evaluation piledi valuable insights,
particularly that there is no noticeable visual distinction in sustainability between the villas.
Furthermore, regardless of whether some villas adhered to the new Sa'fat Green Building Rating
System (GBRS) and others did not, therere minimal differences in terms of building

envelope characteristics.
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CHAPTER 4: SURVEY ON LOCAL AWARENESS

4.1 Introduction

This chapter will highlight the survey questions, key findings, recommendations, and
avenues for future research. After assessing vatoillding typologies within one of the
national housing communities in Dubai, gaining insight into how residents perceive sustainable
practices within residential buildings and assessing their level of knowledge and awareness
becomes essential. This sunaggns to shed light on the local perspective, serving as a valuable
indicator of the existing gaps in the implementation of sustainable practices within Dubai's

housing communities
4.2 Survey Design and Methodology

4.2.1 Sampling Approach
Purposive sampling is a mnwandom sampling technique used to select specific

participants who possess certain characteristics, experiences, or qualifications that are relevant
to the research objectives (Denscombe, 2021) The survey was intentionally distributed to local
citizens lving in Dubai who own a house, as these participants are directly associated with the
research topic of sustainable practices in residential housing. Purposive sampling allowed for a
focused and targeted approach to gather feedback from individuals wiha lasted interest
and direct experience in the subject matter, making their input particularly valuable for the study.
This method was chosen to ensure that the survey responses would be representative of the
population that directly relates to the rass context.

4.2.2 Demographics

The survey participants are residents of Dubai with Emirati nationality. They all reside in,

and own local villas located in various residential communities across Dubai. This diverse
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selection of participants ensures that thevey effectively reflects the awareness and
knowledge levels of residents. The selected sample consists of individuals aged between 22 and

65 years.
4.3 Survey Questions

The survey comprises a series of questions designed to gauge the awareness, challenges,
and perspectives regarding sustainable practices in residential housing within the local
community. Firstly, participants are asked about their familiarity with the existing policies and
regulations promoting sustainability in their local area. Subsequémdly are invited to share
their opinions on the key challenges impeding the effective implementation of sustainability
policies in local housing. Participants are then encouraged to describe any specific barriers or
obstacles they may have observed himdgthe successful adoption of sustainable practices in
residential neighborhoods.

To assess the level of awareness and understanding among residents regarding the
importance of sustainable practices in housing, participants are questioned about their
perceptions. Additionally, financial constraints, affordability, and their potential impact on the
widespread adoption of sustainable technologies and practices are explored.

The survey inquiries about the role participants believe the government shayldnpl
addressing challenges related to promoting sustainability in local housing, and whether current
policies adequately address the unique needs and characteristics of local communities. The
survey also delves into issues related to the enforcementaangpliance of sustainability
policies within residential neighborhoods.

Furthermore, participants are asked to consider if cultural or social factors influence the

implementation and acceptance of sustainable practices in local housing. Lastly, the survey
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seeks to assess the level of collaboration and engagement between the government, private
sector, and local communities in promoting sustainability in housing. Collectively, these
questions aim to provide a comprehensive understanding of the state ofatlstaractices in

the local residential housing context and the perspectives on policy, challenges, and

collaboration.
4.4 Data Collection and Analysis

In the data collection phase, the survey instrument was carefully designed to provide a
conmprehensive view of participants' awareness and attitudes towards sustainable practices in
residential housing. The choices for responses were thoughtfully crafted to encompass a wide
range of possibilities, from answers indicating a high level of awaremesfamiliarity with
sustainability to those who have heard about it or are not aware at all. This approach allowed
for a nuanced understanding of the participants' perspectives.

A total of 40 participants were surveyed, representing a diversesgotm of residents
owning and living in residential villas across various communities in Dubai. This sample size
was chosen to ensure a wealunded perspective on how locals perceive the concept of
sustainability within their neighborhoods. The data colttdtem these participants offers
valuable insights into the level of awareness and knowledge regarding sustainable practices and
informs the analysis of the survey resul&urveyMonkey, 2023)

4.5 Survey Findings

The findings from the survey have reveal@astidct trends that closely align with the
characteristics of national housing communities in Dubai. In this section, we delve into a
detailed analysis of the responses to each survey question. The central focus of this analysis is

to shed light on the l&l of awareness and knowledge among individuals regarding sustainable
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practices within their residential villas. Each survey question will be presented, accompanied by
a thorough examination of the responses. Through this process, we aim to uncovee valuabl
insights into how residents perceive and engage with sustainability within their local housing

communities.

45.1 Awareness and Knowledge Levels
A.Question 1: AHow familiar are you with the

promoting sustainabilityinr e si dent i al housing in your | oc

The survey results indicate a distribution of responses as follows: 43% of participants
reported having a moderate level of knowledge, while 40% expressed weak to no knowledge in
the realm of sustainable practicés minority, constituting 15% of respondents, indicated a

strong familiarity with sustainable practices in their residential settiSgsveyMonkey, 2023)

Strong familiarity

weak to no knowledge

moderate level of knowledge

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

m percentage of participants

Figure 19: Participants familiarity with existing regulatior{(§urveyMorkey, 2023)

B.Question 2: fAhow would you rate the | evel

residents regarding the importance of sust.
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The survey results reveal a range of perspectives. A minority, comprising 8% of
respondentsexpress a perception of ‘'very high' awareness levels. The majority, accounting for
37% of participants, describe the awareness as 'average.’ Meanwhile, a substantial 32% indicate
‘low' levels of awareness, and a further 23% perceive it as 'very low.t Theponses
collectively illustrate the varying degrees of awareness and understanding among residents

concerning the importance of sustainable practices in hoSuagieyMonkey, 2023)

very high.

mild

very low

0% 10% 20% 30% 40%5 50% B60% 70 80% 80% 1004

Figure 20: Level of awareness anmhderstanding amongst resideri&urveyMonkey, 2023)

4.5.2 Challenges and Barriers
A.Question 1: Aln your opinion, what are the

i mpl ementation of sustainability policies

The survey results provide valuabinsights. It becomes apparent that a significant
proportion of participants, accounting for 43%, identify the complexity of these policies as the
foremost obstacle to their effective implementation. Simultaneously, 25% of the surveyed

individuals point ¢ insufficient financial incentives as a major challenge. An additional 24% of
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participants express their belief that resistance to change, along with complications tied to policy
implementation, also represents a significant barrier. These diverse esspolesctively offer
a nuanced perspective on the multifaceted challenges encountered in promoting sustainability

within residential housing communitig§urveyMonkey, 2023)
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awareness support tochange complicationsincentives

Figure 21: Challenges affecting the implementation of sustaineiellings.
(SurveyMonkey, 2023)

B.Question 2: AHave you observed any speci fi

successful adoption of sustainable practic

Participans identified various obstacles to adopting sustainable practices in residential
neighborhoods. Notably, 38% cited the high initial investment, 28% pointed to the absence of
technological support, and 18% highlighted cultural resistance. A subset of desfmalso
mentioned concerns regarding governmental incentives or a lack of sustainability awareness.

(SurveyMonkey, 2023)
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Figure 22: specific barriers preventing the success of sustainable practices.
(SurveyMonkey, 2023)
45.3 Financial and Resources Constraints

A.Question 1: nAre there any specific chall e
affordability that limit the widespread adoption of sustainable technologies and

practices in housing?o

When addressing the question peritag to challenges linked to financial resources and
affordability in the widespread adoption of sustainable technologies and practices in housing,
participants' responses reveal several key insigbtslustrated in Figure 23, 8ignificant 42%
of respmdents identify low financial incentives as the primary challenge. Meanwhile, 32% of
part i cpoipg orihe digh maintenance costs associated with sustainable practices as a
substantial obstacle. An additional 13% express concerns about the avaitdbiigufficient
financial options. Notably, 13% of participants provided epeded responses, indicating
diverse perspectives. One respondent emphasized that there is no direct relationship between
sustainability and finance. Another highlighted theeptill impact of increased financial value
and the exploitation of users' lack of awareness, while the last participant stressed the role of

media in raising awareness among the local commuy&tyveyMonkey, 2023)
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Figure 23:Financial and resources constrairf@&urveyMonkey, 2023)

4.5.4 Governmental and Policy Perspectives

A.Question 1: i Wh at

chall enges faced
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n
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promoting
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When examining thegovernment's pivotal role in addressing challenges related to

promoting sustainability in local housing, participants' feedback offers a wide range of

perspectives. A significant 41% underscore the significance of utilizing educational institutions

to boast awareness, emphasizing its foundational role for the government. This underscores the

importance of integrating sustainability into educational curricula and instilling knowledge from

a young age(SurveyMonkey, 2023)

In addition, 18% advocate for a neostringent regulatory approach, stressing the need

for robust enforcement mechanisms to ensure compliance with sustainability measures. This

group underscores the government's role as a regulator and enforcer of sustainable practices.

Furthermore, 15% enmasize the provision of financial incentives as a crucial governmental

function. These incentives are viewed as essential in motivating individuals and organizations

go’

1
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to embrace sustainable practices within the local hogsar. Additionally 13% suggeghat

the government should offer financial support for research focused on technologies that can
drive improvements in sustainable practices. This highlights the government's role in fostering
innovation and technological advancement in the field ofagwability. Within this diverse
spectrum of perspectives, 7% recommend enhanced collaboration with the private sector. This
approach underscores the significance of pyficate partnerships in advancing sustainability
efforts within the housing sectdfinally, 5% provide responses categorized as 'other factors.'
Among these, one respondent emphasizes the need for embedding sustainable practices and
principles in the early stages of planning national housing initiatives. This perspective
underscores thmle of strategic planning and policy formulation in integrating sustainability

into the very essence of local housing commusi{ieurveyMonkey, 2023)
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Figure 24: Government roles in implementing sustainable practices amongst local housing.
(SurveyMonkey, 2023)
a. Question 2: fADo you believe that current p.

and characteristics of local communities regarding sustainabilityaru s i ng ? 0

When evaluating the capacity of current policies to effectively meet the unique needs
and attributes of local communities concerning sustainability in housing, survey responses
encompass a diverse range of perspectives. Notably, 41% of respgoaclerdwledge a degree
of alignment while expressing a desire for policy enhancement to better cater to local
communities' distinct characteristics. This perspective indicates a need for policy refinement to
improve effectiveness.

In contrast, a substantid0% of participants firmly contend that existing policies exhibit
significant gaps and fall short in addressing the needs of local communities. This reflects a
noteworthy level of dissatisfaction with the curreiituation emphasizing the necessity for

substantial policy changes amdprovements. Conversegl5% express contentment with the
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current policies, believing that they effectively align with the specific requirements and
attributes of local communities. This viewpoint signifies a degree offaaten with the
existing policy framework.

Lastly, 12% of participants express uncertainty, indicating they are not entirely sure
about the policies' effectiveness in addressing the unique needs of local communities. This
uncertainty underscores the comwty of assessing policy adequaognsideringthe diverse

characteristics of local communitigSurveyMonkey, 2023)
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Figure 25: the Adequacy of Current Housing Sustainability Policies for Local Communities
(SurveyMonkey, 2023)

455 Enforcement and Compliance Issues
A. Question 1: Have you encountered any issues related to the enforcement and

compliance of sustainability policies in residential neighborhoods?

Participant responses showcase a range of perspectives on the challenges@sadci

enforcing and ensuring compliance with sustainability policies in residential neighborhoods.
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Notably, 38% of respondents acknowledge partial issues in policy implementation, indicating
areas where enhancements may be required. In close aligrid®@&nexpress concerns about

the broader lack of compliance, underscoring the necessity for a more comprehensive approach.
Additionally, 20% of participants reference 'other factors' contributing to these challenges,
emphasizing the multifaceted nature affa@cement and compliance issues. Finally, 12%
identify substantial obstacles in the realms of enforcement and compliance, highlighting the

intricacies of this issu¢SurveyMonkey, 2023)
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Figure 26: Enforcement and compliance aitdd to sustainabilitfSurveyMonkey, 2023)
4.5.6 Cultural and Social Factors

A. Question 1: Are there any cultural or social factors that affect the implementation

and acceptance of sustainable practices in local housing?

38% of respondents emphasize itin@ortance of social engagement as a pivotal driver

for effective implementation, underlining the role of community involvement and collaboration.
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alongside 31% underscore the necessity for the initiation of an educational awareness program,
highlighting the significance of disseminating knowledge and fostering awareness within the
community. This perspective emphasizes the role of education in promoting sustainable
practices.

Additionally, 15% of participants contend that cultural barriers play a signtfiole in
influencing the adoption of sustainable practices. This perspective points to the influence of
cultural norms and values on the acceptancesusttainability. Equally another 15% of
respondents attribute challenges to a psychological restristiemming from a lack of
familiarity with sustainability terminology. This viewpoint highlights the importance of clear

communication and understanding in promoting sustainable pra¢t&ceseyMonkey, 2023)
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Figure 27: Culturalor social factors survey results. (SurveyMonkey, 2023)

A. Question 2: How would you assess the level of collaboration and engagement
between the government, private sector, and local communities in promoting

sustainability in housing?



78

Notably, 33% ofrespondents highlight a limited level of collaboration, indicating a
significant gap in cooperative efforts. Additionally, 31% perceive the current collaboration as
average but with room for improvement, suggesting opportunities for enhanced cooperation.

In contrast, 21% believe there is no collaboration at all, underscoring the absence of cooperative
initiatives. Intriguingly, 15% of participants view the collaboration as strong and effective,
emphasizing the existence of successful partnerships in pragpha@tusing sustainability. These
diverse insights provide a comprehensive view of the state of collaboration and engagement

among these stakeholderéSurveyMonkey, 2023)
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Figure 28: level of collaboration and engagement between the government, private and local
C 0 mmu nresulis.&uen@yMonkey, 2023)
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CHAPTER 5: IES SIMULATIONS AND RESULTS

5.1 Introduction to Computer-Based Simulations

In the dedicated section on comptit@sed simulations, ghstudy will comprehensively
explore sustainable practices in residential architecture. The focus of this analysis will be Villa
#4, acting as the base case, and the introduction of an efficient case. While the base case
represents the current state o thila, the efficient case incorporates sustainable features such
as optimized insulation selection, a green roof, and an optimizeephifiirmance glazing
system. The simulations will evaluate crucial parameters, including energy consumption, air
tempeature flow, air velocity, and daylight factor.

The annual simulation involves a comprehensive modeling and analysis conducted over
the course of a year. This simulation utilizes comphssed software to assess and project
various parameters based on sjednput criteria. Unlike shorter time frames, an annual
simulation provides a more extended and encompassing perspective on the performance and
outcomes of sustainable practices in residential neighborhoods. The simulation aims to capture
seasonal varteons, longterm trends, and potential fluctuations in factors such as energy
consumption, temperature, humidity, and other relevant metrics. By extending the simulation to
cover an entire year, the research gains a holistic understanding of the efésstivem
implications of sustainability policies, allowing for a more robust evaluation and strategic
planning

Through the comparative analysis of the base and efficient cases, the study seeks to
unveil the impact of sustainable interventions on thesegabkmetrics. This approach aims to
provide valuable insights into potential enhancements in energy efficiency and the overall

environmental performance of residential structures.
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5.2 Background on the Case Study

The villa is the # villa mentioned earlier community assessment iZviidhar second.
The selection of the case study for the comphésed simulation was predicated on the
availability of explicit permission from the
acalemic analysis. This ensured compliance with proprietary rights and provided a foundation
for rigorous academic inquiry. The building, construcidigr the implementation of the Al
S a 6 GBRS presents a relevant and current example for evaluating fiieecagolicies,
offering insights into the practical impact of these regulations on sustainable bpiidatiges
Sincethe villa got permitted in 2010. It has undergone and has the Sigdbef a whi ch i s t
minimum mandatory green building regulationfee all buildings in Dubai. As shown in figure
26. The residential building is made from concrete with stone cladding which is a typical thing
for residential buildings around the area. The villa consists of G+1 and stairs leading to the
rooftop. The grand floor consists of the main active spaces such as the tivimg, dinning
maijlis, guest bedroonkjtchen,andwashroomswhereas the first floor is mainly a lobby with
bedrooms. This case study aims to study how effective the policies and regidationsthe
silverS a @mdaxamine the validity of implementing different scenarios in reducing the energy

consumption for future residential buildings.
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Figure 29: Case study Base case.

Table 13: Case study villa features

Building features

Description of the housing

Year Built 2011

Location Al Mizhar Second(Latitude25.24 and Longitude$5.46and 2m
above sea levels)

Orientation Front elevation facing the south

Occupancy 7

Floor area 431sgm

Floor to Floor Height 3.5m

Window to Wall Ratio (WWR)| 14.07%

Relative Humidity 52%

Exterior walls

0.15m Stone cladding +0.1m concrete block+ O.Eriruded

Polystyrene + 0.1m concrete block+ 0.01m plaster
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Roof 0.016m plaster+0.05m XPS + 0.003 waterproofing materi

0.059m cement screed+ 0.3m structural reinforced concrete

HVAC Central Unit

Indoor Temperature 24 Degree£elsius

5.3 Base Case

The base case scenario for this study involves assessing a residential villa that adheres
tothei mpl emented green building code, speci fica
seasons. The rationale for selecting these days from distinct seasbesESVE simulations
is rooted in the aim to obtain a comprehensive understanding of environmental conditions
throughout the year. By evaluating the villa's sustainable practices on the hottest day,
characterized by the highest recorded temperatueesttidy seeks insights into the impact of
extreme heat on energy consumption and sustainable initiatives in residential areas. Similarly,
assessing the villa on the coldest day, identified by the lowest recorded temperature, enables an
exploration of howdwer temperatures influence energy usage, insulation efficiency, and other

sustainable practices. Additionally, simulating activities on the first day of fall, marking the

Figure 30: Base case model in IES VE.
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official transition into autumn, aims to evaluate the adaptability of sustainautces during

changing seasons. These three selected days serve as crucial benchmarks, shedding light on the
nuanced challenges and opportunities presented by Dubai's diverse climatic conditions.

As shown in Figure26. theccompanying temperature fluctuation graph visually underscores

the variations throughout the year, emphasizing the chosen days and highlighting seasonal
transitions and temperature extres. This visual representation serves as a valuable guide for
readers to comprehend the climatic dynamics shaping sustainable practices in Dubai's

residential neighborhoods.
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Figure 31: Temperaturdluctuations throughout the year in Dubai.
5.3.1 Software Validation
The reliability of the IES VE software in modeling the baasecscenario is critical,
primarily focused on analyzing energy consumption. For software validation, a detailed analysis
was performed using a year's worth of energy consumption data obtained from the Dubai

Electricity and Water Authority (DEWA). The ddiar the months of November and December
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were not included due to the research timeline constraints, and for the purposes of this study,
they were estimated to be 10 MWh each, based on the average of the adjacent months. This
estimate can be found in Appr B. The Apache energy module within the software was then
used to simulate monthly energy usage over the course of a year.

Subsequently, the software's Apache energy application was employed to simulate and present
monthly energy consumption patterhsaughout the year.

The detailed breakdown ifable14 offers insights into actual energy consumption in
megawatthours (MWh) and its corresponding cost. This dataset is then juxtaposed with the
energy consumption derived from the IES VE base case siondaiiluminating any disparities
in energy usagwith the actual case being 3.66% less than the baseAwas®ding to studies,

For. IESVE simulations a 10% difference between base case and actual case is acceptable.

(Qays Oleiwi et al., 2019)
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Table 14: Actual and Base case energy consumptions and their diffe(émegrated

Environmental Solutions Limited, 2023)

Actual Energy Base Case Energy
Months Consumption Bills Cost Consumption Difference In (MWh)
(MWh) (MWh)
Jan 3.732 327.47 5.5492 -1.8172
Feb 2.982 256.6 5.4889 -2.5069
Mar 5.340 282.11 6.6959 -1.3559
Apr 4.336 389.84 7.6933 -3.3573
May 5.149 479.48 9.1185 -3.9695
Jun 7.270 739.99 9.6007 -2.3307
Jul 8.627 918.10 10.3605 -1.7335
Aug 11.704 1,321.95 10.5672 1.1368
Sep 10.022 1,101.19 9.7219 0.3001
Oct 14.220 1,682.63 8.8747 5.3453
Nov 10.00 1,101 7.2216 2.7784
Dec 10.00 1,101 6.0401 3.9599
93.382 MWh
Total 9,701.36 AED 96.9325 MWh -3.5505 (3.73%)

As shown in Figure32. the observed variations in energy consumption for specific
months can be partially ascribed to the age demographics of the occupants. The resident profile,
particularly featuring elderly individuals, influences electricity consumption patterns, as studies
indicate that the elderly tend to use fewer air conditioning systems. Furthermore, research has

indicated that 28.8% of the variation in heating and cooling energy consumption can be
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explained by household soeszonomic and behavioral factors. These figdigontribute to a
nuanced understanding of energy usage dynamics in residential sé@imgs.et al., 2013)

Factors such as judicious electricity usage habits and a preference for frequent travel collectively
contribute to the nuanced dynamics shaping energy consumption within the residential context.

While these distinctions maypgearsignificant, it is crucial to recognize their inherent realism.
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Figure 32: Graph illustrating the actual and base case energy consumption and th

differences. (Integrated Envirommtal Solutions Limited, 2023)
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Total system energy Total system energy Total system energy Total system energy
(Mwh) (Mwh) (Mwh) (Mwh)
Date Villa Base.aps 45.aps 30.aps 15.aps
Jan 01-31 5.5492 5.4810 5.5104 5.5380
Feb 01-28 5.4889 5.3954 5.4174 5.4629
Mar 01-31 5.6959 5.6759 6.6755 5.6738
Apr 01-30 7.6933 7.7634 7.7432 7.7093
May 01-31 39,1185 9,2600 9.2303 29,1594
Jun 01-30 9.6007 9.7209 9.6913 9.6271
Jul 01-31 10,3605 10,4322 10.4537 10,3924
Aug 01-31 10,5672 10.6798 10.6553 10,6017
Sep 01-30 39,7219 9.7328 9.7235 9.7178
Oct 01-31 8.8747 8.7866 8.8050 3.8475
Mow 01-30 7.2215 7.1070 7.1472 7.1982
Dec 01-31 5.0401 5.9431 5.9875 5.0261
Summed total 95,9325 97.0290 97.0403 96,9590
Total system energy Total system energy Total system energy Total system energy
(Mwh) (Mwh) (Mwvh) (Mwh)
Date 90.aps 315.aps 270.aps 180.aps
Jan 01-31 5.4670 5.4923 5.4998 5.4496
Feb 01-28 5.3641 5.4264 5.4189 5.3023
Mar 01-31 6.0482 6.7043 65.6774 G.3889
Apr 01-30 7.7127 7.7988 77251 7.6437
May 01-31 9.1997 9.2959 9.1951 9.1071
Jun 01-30 9.6809 9.7535 9.6765 9.6108
Jul 01-31 10.4330 10,5127 10,4293 10,3619
Aug 01-31 10.6171 10.7128 10.6170 10.5297
Sep 01-30 9.6897 9.7638 9.7116 9.6166
Oct 01-31 8.7592 8.8244 8.8198 5.6954
MNov 01-30 7.0797 7.1443 7.1357 7.02860
Dec 01-31 5.9051 5.9643 5.99444 5.8583
Summed total 96.5562 97.3935 95.8522 |95.?‘310 |

Figure 33: Summed total system energy based on orientafiiotegrated

Environmental Solutions Limited, 2023)

5.3.2 Building Orientation

The examination othe case study's orientation reveals that the current residential
building primarily faces north, with varying positions of glazing openings on the facade.
Employing IESVE for simulations and experentingwith different building orientationghe
objective is to pinpoint the orientation yielding the most significant reduction in energy
consumption. lllustrated in Figu@3 and34, a noteworthy discovery arises when the existing

building is rotated 180 degrees, resulting in an annual energy consum@eid@®MWh. This
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signifies amodest 1.1% reduction from the base case, where the villa consumes 96.9 MWh

annually. Although this reduction might appear marginal endbntext of a small residential

Figure 34: lllustration of the different orientation in IESVE.
energy footprint, the quest for optimal orientations remains a pivotal pursuit for enhancing

overall energy efficiency.
5.3.3 Building Envelope

The residential villa strictly complies with the silver level criteria of the Saéen
building rating system, which represents the minimum mandatory standard for environmentally
friendly construction. This entails meeting specific benchmarks such as maintaininglaeU
of 0.57 W/m2K for external walls and floors, 0.3 W/m2K for thefr and ensuring a window
to wall ratio of 14% with glazing parameters adhering to a maximuraluke of 2.1 W/rK, a
maximum shading coefficient of 0.4, and a minimum light transmittance of 0.4.

a. external walls

For the base case, theexternalwal nf i gur at i on f evhidhbawau t he

value of 0.55 W/m2K which consists of a sandwiched concrete block with insulation in the

middle plaster and stone cladding.

S
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ID: STD_WAL1 [(nternal

Description: silver wall

Performance:  CIBSE Y
Thermal mass Cm:  240.0000  kJ/(m2K)

U-value:  0.5509 W/m2K Thickness: 430.000 mm

Total R-value: 1.6381 mK/MW Mass: 1249.0000 kg/m2 Heavyweight
Surfaces  Functional Settings Regulations RadlanceIES.
Outside Inside
Emissivity:  0.900 Resistance (mK/W): 0.1171 & Default

Emissivity: 0.900 Resistance (m2/W): 0.0600 @ Default
Solar Absorptance: '0.700 Solar Absorptance:  0.550

Figure 35: External wall uvalue of uvalue 0.57 W/rBK (Integrated Environmental Solutions
Limited, 2023)

b. Floor
For the floors, the configuration also follows the silgen owhiah follows a 0.517

W/m2K uwvalue.
D:  STD_CEL Eim

Description: 2013 Internal Ceiling/Floor
Performance:  CIBSE ~
U-value:  0.5170  W/mK Thickness:  72.000 mm Thermal mass Cm: ~ 8.4000 kaf(mz-K)

Total R-value:  1.699% maA M Mass: 102,9000 kg/m? Wery lightweight

Surfaces  Regulations RadiancelES
Inside

Outside
Emissivity:  0.800 Resistance (ma/W): 0.1171 B pefault Emissivity:  0.900 Resistance (maMW):  0.1171 B pefault

Solar Absorptance: 0,550

Solar Absorptance:  0.550

Figure 36: U-valuefor the base case floofmtegratedEnvironmental Solutions Limited,

2023)
c. Roof
As shown in Figure 37, anda per the foll owed green bui

ver Savallieaequireds 0.30MmMMKgs t he U

Description: silver roof ID: STD_ROOF Internal
Performance:  CIBSE w
U-value:  0.3040  W/m>K Thickness: 272,700 mm Thermal mass Cm:  240.0000  kJ/f(m2-K)
Total R-value:  3.1425 mA Mass: 431.5080 kg/m? Heavyweight
Surfaces  Regulations RadiancelEs
Outside Inside
Resistance (m3W): 0.0400 8 pefault Emissivity: 0,900 Resistance (m#/MW):  0.1074 [CIDefault

Emissivity: 0.800
Solar Absorptance: 0,700 Solar Absorptance:  0.550

Figure 37: Roof wvalue.(Integrated Environmental Solutions Limited, 2023)



d. Windows

9(

As shown in Figure 38The windows consist of a doubigazedpanelwith argon layer

in the middle which accounts for a 2.1864 W/m2K which is abiding to the Slheeb f a

Met U-value (incuding frame): 2.1864 W fn 2K U-value (glass only): 1.9194 W fm2eK CIBSE shading coefficient: 0.4755
Met R-value: 0.5210 m 2 g-value (EN 410): 0.4033 Visible light normal transmittance: 0.71
Surfaces  Frame Shading Device RadiancelEs .
Outside Inside
Emissivity: 0.837 Resistance (makw): 0.0613 (@ Default Emissivity: 0.837 Resistance {m2Kkn):
Construction Layers (Outside to Inside): System Material
) - Convection : s - - - . - .
Thickness | Conductivity Angular Gas Coefhciant Resistance Transmittance Cutside Inside Refractive | Outside | Inside | Visible Light
mm WimeK) Dependence WijmK maW Reflectance |leflectance | Index | Emissivity | Emissivity | Specified
6.0 2.0000 Constant - 0.0030 0.409 0.289 0.414 - 0.837 0.042 Mo e
6.0 = = Argon 2.8067 0.3310 = = = = = =
6.0 2.0000 Fresnel - - 0.0030 0.783 0.072 0.072 1.526 0.837 0.837 Mo e

Figure 38: Base case windows\value. (Integrated Environmental Solutions Limited, 2!

5.3.4 Base Case Energy Consumption

In this section, the simulation of the base case is conducted for the previously mentioned
seasons: summer, winter, aadtumn. To enhance realism, the simulation is carried out on a
monthly basis.

As illustrated in Figurel4, the results depict distinct energy exposures during different
months. In February, when the sun azimuth is at 40 degrees, there is heightened exposure on the
south facade, resulting in a maximum energy consumptibh/dd6 kWh, with a similar value

for the roof. Conversely, in July, when the sun is higher in the sky, the south facade experiences

C

Figure 39: The energy consumption in February, July, and Septerfibergrated

Environmental Solutions Limited, 2023)
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relatively less exposure, leading to an energy consumptidn k¥Wh, while the roof records

227 kWh. Lastly, in September, positioned between summer and wiheegnalysis for the
southern facade yields 118 kWh, and it is anticipated that the roof's energy exposure will fall
between the results observed in winter and summer, specificay &Wh.

5.3.5 Daylight Analysis

In the analysis of daylight in the base case, as presented inldlaed15, the average
illuminance on the ground floor is 318 lux, while on the first floor, it is 105 lux. To establish a
relational perspective, it is worth noting that recommended illuminance levels for a living

room typically span between 50 and 150 lux. (Bssional, 2023) Figur@8 visually depicts
the light distribution, highlighting that on the ground floor, where active spaces are
concentrated, daylight illuminance varies from 1000 lux near the windows to 100 lux in the
central area, particularly the Ing room. Conversely, the first floor, predominantly designated

for bedrooms and inherently darker, exhibits illuminance ranging from 0 lux to 300 lux.

Daylight fur) Dayiight (lux)
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Figure 40: Grourd floor and First floor respectively. (Integrated Environmental Soluti
Limited, 2023)
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Table 15: Ground floor daylight analysigintegrated Environmental Solutiobhsnited, 2023)

Surface Quantity Values

Min. Ave. Max.

Working plane 1 Daylight factor 01% [26% |21.9%
Reflectance=0% Daylight illuminance 12.93 | 317.62 | 2678.04
Transmittance=100% lux lux lux

Grid size=0.50 m Sky view 1.00 |1.00 1.00

Area=400.300m?2

Margin=0.50 m

Table 16: First floor daylightanalysis [ntegrated Environmental Solutions Limited, 2023)

Surface Quantity Values

Min. Ave. | Max.
Working plane 1 Daylight 0.0 % 0.9% 15.49% | 0.01
Reflectance=0% factor
Transmittance=100% Daylight 0.83 lux 105.27 | 1881.94| 0.01
Grid size=0.50 m illuminance lux lux
Area=371.919m? Sky view 1.00 1.00 1.00 1.00
Margin=0.50 m

5.4 Efficient Case

Upon thorough evaluation of the literatureview, the primary factors influencing the
building envelope have been identified and will serve as the parameters for the effective

scenario. This approach will highlight the implementation of various requirements from the
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platinum Sa'fa standard, examiningeithimpact and evaluating whether they should be
mandated, especially after considering the economic implicationsnpoletmentation. The
scenarios derived from this analysis are detailed in Tdble 1

Table 17: Efficient casescenarioslftegrated Environmental Solutions Limited, 2023)

No. of Scenarios Approach | Element Description
The use of a high insulating material for thg
#1
Roof roof
#2 The creation of green roof
envelope The use of a high insulation materfiai all
#3 Wall
the exterior walls
Shading | Adding shading elements to windows in th¢
#4
elements | south, east and west side.
#5 window Using atriple glazed window
#6 Combined All Merging all the above scenarios

5.4.1 Scenario #1: Roof Insulation
The first scenarioinvolves augmenting the roof insulation, making it thicker and
enhancing its conductivity to achieve a lowevalue of 0.157 W/m2K. This aligns with the

European green building rating system, as opposed to the local system that assigns the same u
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value of 0.3 W/m2K to silver, gold, and platinum levélgure 39 illustrates the layers of the

U-value:  0.1578 W/ m2K Thickness: 374700  mm Thermal mass Cm:  9.6000 k3f{m2K)
Total R-value:  6.1500 mW Mass: 592.3500 kg/m? Very lightweight
Surfaces  Regulations RadiancelES
Outside Inside
Emissivity: 0,900 Resistance (maK/w):  0.0400 @ Default Emissivity: 0,900 Resistance (m3/W): 0.1074 () Default
Solar Absorptance: 0.700 Solar Absorptance: 0,550
Construction Layers (Outside To Inside) System Materials. .. Project Materials. ..
y Conductivi y Spedfic Heat . Vapour Resistivi
Thickness mm W,"(m-K)ty Density kg/m? Ca|:?acity ik k) Resistance m3,/W %N'sf(kg'm) i Category
12.7 0. 130000 500.000000 1600.000000 0.0977 - Floor finishes V
150.0 0.150000 2400.000000 1000.000000 1.0000 - Insulating Materials ~
200.0 0.040000 1100,000000 1000.000000 5.0000 - Concretes ~
12.0 0. 130000 500.000000 1600.000000 0.0923 = Boards, Sheets & Decking b

Figure 41: Roof construction laye(Integrated Environmental Solutions Limited, 2023)

Upon the implementation of the insulating matered, shown in Table e system's
overall energy consumption demonstrated a noteworthy 6.65% reduction in annual energy
usage. The initial cost associated with integrating thesdigopnsulating boards/aries
depending on the supplier. In the simulation, specifications were successfully met with a product
from "Unilin Insulation (UK), known as Xtratherm," featuring insulation boards measuring 2.4
m by 1.2 m, covering 2.8 sgqm eaichcover the entire ropfl56 insulation sheets are needed,
with a total cost of approximately 67,088ED. (InsulationGo, 2023)While this initial
expenditure may appear substantial, the enduring advantages, particularly in terms of

diminished energy consumption, render it a pntcand beneficial investment.
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Considering the prevailing electricity billing rates established by the Dubai Electricity
and Water Authority (DEWA) at 15QED for 2,000 kWh, evaluating this solution based solely
on payback might not seem immediately justifiable. However, it's cruciedcmgnize that
homeowners are mandated to incorporate some form of insulation. This requirement not only
contributes to a reduction in the actual cost of fgghlity insulation but also aligns with the
broader objective of decreasing overall system gnesgsumption.

Table 18: Scenario #1 energy consumption vs Base ¢asegrated Environmental Solutions
Limited, 2023)

Date Base case energy Scenario #1 energy Cooling sensible load
consumption (MWh) | consumption(MWh) (MWh)
Jan 0.2037 0.2722 0.5445
Feb 0.6661 0.6770 1.3539
Mar 1.3564 1.2749 2.5498
Apr 2.5261 2.3434 4.6868
May 3.7791 3.4796 6.9592
Jun 4.4335 4.0780 8.1561
Jul 5.0210 4.6146 9.2293
Aug 5.2277 4.8208 9.6416
Sep 4.5547 4.2182 8.4365
Oct 3.5352 3.3168 6.6337
Nov 2.0544 1.9715 3.9429
Dec 0.7007 0.7271 1.4542
Total 34.0585 31.7941 63.5885
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5.4.2 Scenario #2: Green Roof

In the second scenarnmodel illustrated in figurdl, the introduction of an evapotranspiration
modeler, developed by various companies, including Green Roof Diagnostics (Green Roof
Specialty Products, 2019), becomes pivotal. This tool empowers users to input specific location
data, utilizing a defined equation that takes into account various paranti&e humidity,

precipitation, temperature, stress, and more.

Figure 43: Green roof construction

. , o Figure43: scenario 2 model.
section suitable for Dubai climate.

(Green Roof Specialty Products, 20

The result is a customized green roof configuration, finely tuned to the unique conditions
of the selected location. Figud8 visually depicts the recommended green roof layering
designed dr the specific context of Dubai. Additionally, Figud3 provides a detailed
breakdown of the components and layer thicknesses, revealing a resutahge wf 0.0778
W/m2K. The configuration of the green roof within the IES VE construction settings is

presented in Figuré4.
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U-value: 00778 Wim2K Thickness: 332400 mm Thermalmass Cm: 0.0000  K)fm2'K)

Total R-value: 123731 mHW Mass: 603.0700 kgjm? Very lightweight

Surfaces Regulations RadiancelES

Outside Inside
Emissivity: 0900 Resistance nxW): 00400 (@ pefault Emissivity: 0,900 Resistance (n¥MW):  0.1074  ()Default
Solar Absorptance:  0.700 Solar Absorptance: 0,550
Construction Layers (Qutside To Inside) System Materials...
Conductivi Spedfic Heat Viapour Resistivi

Material Thickness mm W f[m.K)ty Density kg/m? Cappacity Tikg) Resistance m#W pGN's fkgm) k! Categ
[5TD_CC11] Sedum Mat 127 0.038000 2400.000000 1000.000000 0.3342 - Sands, Stones and S
[STD_MEM3] Green Roof sail 83.0 0.130000 1100.000000 1000.000000 0.4344 - Asphalts & Other Roo
[STD_PHF 1] Filter Fabric 1.0 0.040000 40.000000 1450.000000 0.0250 - Insulating Materials
[5TD_PHF2] Dimpled drain plate 17.0 0.040000 40.000000 1450000000 0.4250 - Insulating Materiale
[5TD_MEM] waterpraofing membran 127 0.040000 1100.000000 1000.000000 0.3175 - Asphalts & Other Roo
[5TD_CC21] Reinforced Concrete 2000 0.018000 2300.000000 1000.000000 111 - Concretes

Figure 44: Green roof component layering. (Integrated Environmental Solutions Limi
2023)

The implementation of this green roof configuration yielded a substantial reduction of
3.5724 MWh in total engly consumption, constituting a notable 10% decrease, as depicted in

Figure 4.

Total system energy (MWh) Total system energy (MWwh)

Date second scenario-greenroof .aps all year base.aps
Jan 01-31 0.2770 0.2037

Feb 01-28 0.6740 0.6661

Mar 01-31 1.2324 1.3564

Apr 01-30 2.2328 2.5261

May 01-31 3.3195 3.7791

Jun 01-30 3.8739 4.4335

Jul 01-31 4.3893 5.0210

Aug 01-31 4,5925 5.2277

S5ep 01-30 4.0306 4.5547
Oct01-31 3.1959 3.5352

Mow 01-30 1.9256 2.0544

Dec 01-31 0.7425 0.7007

Summed total 30.4861 34.0585

Figure 45: Second scenario energy consumption and cooling load vs base case. (Int

Environmental Solutions Limited, 2023)
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5.4.3 Scenario #3: High Performance Wall Configuration with Insulation

In this scenarigaspecial attention was given to the walls, recognizing tiredlominant

exposure in buildingsThe strategic introduction of higherformance insulation into the wall

configuration resulted in an impressively lowalue of 0.1228 W/m2K, as illustratedFigure

46. The energy simulation conducted with IESVE regdal notable reduction of 7.9387 MWh,

marking a substantial 23.29% decreagrch can be seen in figur&.AConsidering that walls

typically represent the primary area of exposure in buildings, this scenario, investigating the

impact of integrating higipeformance insulation into the walls, emerges as particularly

noteworthy for enhancing energy efficiency.

Uwvalue: 0,128 WjmaK Thickness: 394000 mm ‘Thermal mass Cm: 240,000 k3/{m2K)
TotalRvalue: 7.9667  mAMW Mass: 809.8000 kg/m? Heavyneicht

Surfaces Functional Settings  Regulations  RadiancelES

outsde Insde

Emissivity: 0900 Resistance (n3/W): 0.0600 (@ Default Emissivity: 0,900 Resistance (m*&MW):  0.1171 @ Default
Solar Absorptance:  0.700 Solar Absorptance: 0,550 .
Construction Layers (Outside To Inside) System Materiaks... Project Materials.
Conductivity . | Spedficeat | Vapour Resistiity
waterial Thickness mm o Densitykgime | PRIt ) | Resistance magw | YR FEETY Categ

[STD_SM11] Fiber reinforced conarete pansls 0.0 2.000000 7800000000 450.000000 0.0100 - Screeds 8 Renders L
cavity 120 - - 0.1800 - -

[STD_UsP 1] Insulation 1000 0.020000 1100.000000 1000.000000 5.0000 0.000 Insulating Materials

[STD_US11] Wood Fiber 50.0 0.020000 700.000000 1000.000000 2.5000 0.000 Insulating Materials

[STD_CC17] sandwiched conarete 200.0 1.500000 2400000000 1000.000000 0.1053 - Conaretes

[5TD_CC11] indoor finish 120 0.070000 2400000000 1000.000000 01714 - Plaster

Figure 46: High performance wall configuratiofintegrated Environmental Solutions Limitec

2023)
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Total system energy (MWh) Total system energy (MWh)

Date scenario3wall .aps all year base.aps
Jan 01-31 0,3962 0.2037

Feb 01-28 0.8063 0.6661

Mar 01-31 1.2301 1.3504

Apr 01-30 1.9624 2.5281

May 01-31 2.7922 3.7791

Jun 01-30 3.1853 4,4335

Jul 01-31 3.5830 5.0210

Aug 01-31 3.7158 5.2277

Sep 01-30 3.3027 4,5547
Oct01-31 2.6711 3.5352

Mewv 01-30 1.6829 2.0544

Dec 01-31 0.7917 0.7007

Summed total 20,1198 34.0585

Figure 47: Scenario 3 energy consumption. (Integrated Environmental Solutions Limited,

5.4.4 Scenario #4: Addition of Shading Elements

The 4" scenarioexplores the effectiveness of incorporating shading elements to the
southern elevation based on findings from diverse studies indicating its optimal suitability for
shading devices. In this scenario, a 04&vide shadingelement was introduced on the south
facade, and its impact was thoroughly evaluated, as illustrated in Figufiend simulation
results demonstrated a notable reduction in energy consumption, amounting to 3.4036 MWh,
corresponding to an 11.37% decreadas Btrategic addition of shading elements aligns with
the broader objective of enhancing energy efficiency and warrants consideration for its potential

implications on the building's thermal performance and overall sustainability.
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Total system energy (Mwh) Total system energy (Mwh)

r
pate scenario 4-shading .aps all year base.aps - l
Jan 01-31 0.0000 0.2037 .
Feb 01-28 0.1772 0.6661
Mar 01-31 1.0080 1.3564
Apr 01-30 23312 2.52561
May 01-31 3.7005 3.7791
Jun 01-30 4.3854 4.4335
Jul 01-31 4.9499 5.0210
Aug 01-31 5.0790 5.2277
Sep 01-30 4.2252 4.5547
Oct01-31 3.0087 3.5352
Mov 01-30 1.5238 2.0544
Dec 01-31 0.2660 0.7007
Summed total 30.6549 34.0585

Figure 48: Scenario 4 energy consumption (Integrated Environmental Solutions Lir

5.4.5 Scenario #5: Triple Glazed Windows

The significance of glazing components lies in their dual role: maximizing natural
daylight usage to reduckpendence on artificial lighting and concurrently playing a substantial
part in heat transfer, constituting around 60% of a building's total heat transfer. This transfer
occurs through conduction, convection, and radiation. Windows, vital for visuabdpaxhibit
relatively lower insulating performance compared to other structural elements -VdladJof
windows serves as a comprehensive heat transfer coefficient, covering all three modes.

Conduction happens through the glass panes and the window;, frdrite convection
occurs between glass layers or on the glass pane's surface. Additionally, radiation permeates
through every element of the window. Design modifications in windows impact these heat
transfer modes, consequently affecting the overalblue. For example, adding an extra glass
layer reduces conductidmased heat transfer, leading to an overall decrease in-taub.
Adjusting parameters like the air gap between glass layers, glass thickness, the number of layers,
and insulation materiddetween layers offers opportunities to balance maximizing daylight and
managing heat transfer in building design. These adjustments provide avenues for enhancing

the energy efficiency and thermal performance of wind@ehdizadekRad et al., 2022)
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In tems of energy consumption, for the 5th scenario, a triple glazing configuration was
inserted, consisting of three glazing panels separated by krypton gas to achieve a 1.17 W/m2K
U-value. As shown in figure49 and 50. This configuration reduced the-ialue fom 2.1
W/m2K to 1.17 W/m2K, resulting in a decrease in energy consumption from 34.05 MWh to

29.175 MWh, accounting for a 14.3% reduction.

MNet U-value {induding frame): 1.1728 Wim2K U-value {glass only): 0.7931 Wim2-K CIBSE shading coeffident:  0.4282

Met R-value:  1.2578 m2W g-value (EN 410): 0.3573 Visible light normal transmittance: 0.71

Surfaces  Frame Shading Device RadiancelEs

Qutside Inside
Emissivity: 0.837 Resistance {m2K/W): 0.0613 @ Default Emissivity: 0.837 Resistance {m2K/W): 0.12327 Default
Construction Layers (Outside to Inside): System Materials... Project Materials. ..
Material Thickness | Conductivity Angular I Eon\uf'f?c_ﬁm: Resistance T itta Qutside Inside Refractive | Outside | Inside | Visible Light
BEE mm W f(m-K) Dependence = ?“?,"m??lg maK W TansMITEENCe | e fectance | Reflectance | Index Emissivity |Emissivity | Specified
[STD_EXW] Outer Pane &8.0 2,0000 Fresnel - - 0.0030 0.409 0.289 0.414 1.526 0.837 0.042 Mo -
Cavity 12.0 - - Kryptor ~  0.9580 0.8531 - - - -
[STD_INW] Inner Pane &8.0 2.0000 Fresnel - - 0.0030 0.783 0.072 0.072 1.526 0.837 0.837 Mo -
Cavity 12.0 - - Kryptor ~  0.9580 0.2147 - - - - - -
[STD_INW 1] Inner Pane 6.0 2.0000 Fresnel = > 0.0030 0.783 0.072 0.072 1.526 0.837 0.837 Mo i
|

Figure 49: Scenario 5 glazing configuratis. (Integrated Environmental Solutiohsnited,
2023)
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Total system energy (Mh)

Total system energy (MWh)

Date glazing .aps all year base.aps
Jan 01-31 0.0530 0.2037
Feb 01-28 0.4275 0.6661
Mar 01-31 1.0970 1.3564
Apr 01-30 21791 2.5261
May 01-31 3.3190 3. 7M1
Jun 01-30 3.9250 4,4335
Jul 01-31 4,4400 5.0210
Aug 01-31 4,5993 5. 2277
Sep 01-30 3.9451 4,5547
Oct01-31 3.0011 3.5352
Mow 01-30 1.6916 2.05449
Dec 01-31 0.4974 0.7007
Summed total 29,1750 34.0585

Figure 50: Scenario 5 energy consumtm. (Integrated Environmental Solutions Limited,

2023)

5.4.6 Scenario #6: All the Above Scenarios

In Scenarios, a comprehensive approach was taken by integrating the eleiments

previous scenarios to assess their collective influence. The scenario specifically emphasized the

optimization of materials with high insulation and lowvalues for both the roof and walls.

Additionally, it included the implementation of green rogfisnd the incorporation of shading

elements on the south facaaled the triple glazing for the windowAs shown in Figurésl.

The outcome of the simulations revealed a significant decrease in the total energy consumption

of the system, showcasing a redoictof 16.0341MWh, equivalent to a substantiél %.
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Total system energy (Mwh)

Total system energy (MWh)

Date scenariod-ALL.aps all year base.aps
Jan 01-31 0.0120 0.2037
Feb 01-28 0.3140 0.6661
Mar 01-31 0.7715 1,3564
Apr 01-30 1.4318 2.5261
May 01-31 2.1023 3.7791
Jun 01-30 2.4097 4,4335
Jul 01-31 2.6802 5.0210
Aug 01-31 2.7504 5.2277
Sep 01-30 2.3314 4.5547
Oct01-31 1.7614 3.5352
MNow 01-30 1.0431 2.0544
Dec 01-31 0.4165 0.7007
summed total 18,0244 34.0585

Figure 51: ScenarioNo0.6 energyconsumption vs base cagmtegrated Environmental

Solutions Limited, 2023)

1)
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CHAPTER 6: DISCUSSIONS

6.1 Survey and Simulation Overview

The Results and Discussion section embarks on a comprehensive analysis of our
research objectives, aiming to unravel the intricacies of sustainable practices in Dubai's
residential neighborhoods. Employingnaedmodemethodology, this inclusive investigan
integrates insights gleaned from a local awareness survey alongside cepagetksimulations
conducted on a representative housing villa. This methodological synergy empowers us to
holistically achieve the objectives set forth in our study.

The comination of survey responses from residents, coupled with simulations on a
characteristic housing villa, fosters a nuanced comprehension of the extent to which
sustainability measures manifest as tangible outcomes. Through this combined lens, we gain
valuable insights into the community's perceptions, providing a foundation for a richer
understanding of sustainable practices in residential contexts.

This integrated approach extends to our exploration of the barriers and challenges faced
by policymakers andrban planners in policy implementation. By synthesizing survey data and
simulation outcomes, we enrich our understanding of the practical hurdles impeding the
realization of sustainable goals. This holistic perspective sheds light on the intricate dynamics
at play and positions us to contribute nuanced and impactful insights to the discourse on

sustainable practices in Dubai's residential landscapes.
6.2 Local Awareness Survey Discussion

The shaping and enforcement of regulations hinge significantly on tygscie
involvement. Zhang & Wang (2013) emphasize that societal response, awareness, behavior, and

interpretation play a substantial role in determining the successful implementation and
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effectiveness of policies. The primary discoveries from the surveyctedion local awareness
regarding sustainable practices in residential buildings are outlined in the following subsections
6.2.1 Limited Awareness

A notable proportion of participants (43%) expressed only a moderate understanding of
sustainability inresidential housing. This suggests a potential lack of interest and knowledge
among clients in implementing sustainable measures. The insufficient demand is rooted in
limited awareness of the benefits of green buildings and the perception that suspaiacizes
increase costs and decrease profits. Often, the rationale fecongpliance involves the
perceived need for additional investments in machinery, equipment, and training (Shari &
Soebarto, 2012). Awareness efforts should extend beyond clientgltmle consultants,
contractors, developers, etc., facilitated by enforcements organized by policymakers such as the
Dubai Municipality.
6.2.2 Challenges in Implementation

Survey respondents pinpointed key obstacles impeding the successful execution of
sustaimbility policies, with the most prevalent challenges being inadequate financial incentives
(25%) and resistance to change along with systdated complications (24%). To effectively
introduce and integrate sustainable practices among homeownerspieiative to incorporate
financial incentives, such as reduced permit approval applications or materials costs, to promote
sustainability as a way of life. This is particularly crucial given the substantial influence of
financial considerations in energy lipy planning and the advancement of sustainable

development(Rana et al., 2021)
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6.2.3 Barriers to Adoption
Respondents in the survey brought attention to several hurdles in the adoption of
sustainable practices, with significant emphasis on challenges likabstantial initial

investment (38%) and the absence of adequate technological support (28%).

Policy-makers/
institutions

sLovernment
sFinancial institutions
sEducational institutions

Market influence ( W Technology
Sustamability
e ; #Hard and soft
::;:::;?:it‘f residential housing technologies related
to the implementation
of sustainability

Internal actions

spolicies and
management

sinterest and
commitment

Figure 52: lllustration to main 4 factors to achieving sustainabiliBainul Abidin et al.,
2013)
Figure 52 illustrates four pivotafactors integral to achieving sustainability within the

residential sector. First and foremost is the activation of institutional roles, encompassing
governmental, financial, and educational entities. The second factor underscores the importance
of ensumg the availability of a variety of green hard and soft technologies. Internal actions,

constituting the enforcement of green building policies and vigilant monitoring of their



implementation, form the third crucial aspect. Lastly, the fourth factor glyklithe necessity
of influencing the market to meet and sustain affordable demand for sustainable practices.
6.2.4 Varied Levels of Collaboration

The survey results indicated a mixed perception of collaboration between the
government, private sector, and locadmmunities. While 15% felt there was strong
collaboration and engagement, a considerable number (33%) believed there was limited
collaboration.
6.2.5 Cultural and Social Factors

A substantial portion of participants (38%) emphasized the importance of social
engagement for effective implementation. Furthermore, 15% believed that cultural barriers

posed a challenge to adopting sustainable practices.
6.3 Computer-Based Simulations Discussion

This section offers a detailed examination of the findings derived frensdbnarios
formulated within the IES/E software. The focus is on unraveling crucial aspects, including
patterns of energy consumption, conformity with Sa'fa ratings, the impact of resident behavior,
considerations regarding the financial viability of mme@os, and a conscientious
acknowledgment of any inherent limitations in the simulation process. Each dimension
contributes to a thorough comprehension of the simulated scenarios, providing valuable insights
into their intricacies, effectiveness, and i implications for fostering sustainable practices
in residential housing.

6.3.1 Energy Consumption Patterns
The discerned energy consumption patterns, as outlined by the simulations, are shaped

by various factors encompassing the building's physical featwecupant behaviors, the
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number of appliances, and climate characteristics. It is essential to highlight that the simulations
specifically focus on only two of these factors: the physical attributes of the building and the
impacts of occupant behaviand thermal conditions. An interesting revelation emerged during
the analysis, indicating that the majority of occupants being above 40 years old contributed to
relatively low energy consumption. This can be attributed to their responsible usage patterns,
influenced by the absence of children engaging in activities that typically consume more
electricity, such as computer usage, studying, and playing rooms.
6.3.1.10c ¢ u p Behaviowd

The significance of occupants' behaviors is frequently underestimated, eventtieyugh
play a pivotal and substantial role in determining actual energy consumption. As illustrated in
Figure53, occupants contribute both passively, through their bodies' metabolic heat production,
and actively, by engaging in activities such as udiggting, HVAC systems, hot water,

appliances, or opening windo@sll of which contribute to energy consumption.



Occupant Status

Absence Occupant energy
of Occupants behaviour Energy cause
Presence | Passive Production of fitariial

metabolic heat

of Occupants heat gains
Active Active Use of lighting
Energy Use and solar shading
Use of HVAC Energy

systems and consumption

set-points

Use of hot water

e

Use of appliances Sl gt
£ Ventilation
Use of openings 1 (M?of rate)

Figure 53: The relationship between occfupants' behavior and energy consun
adapted from Delzendeh et,£017.

6.3.2 Energy Consumption Savings

As shownin figure 4. A considerable variation in energy consumption reduction across
the different scenarios, ranging from 6.65% to 47%. However, it's important to recognize that
environmental success does not alwagsate to economic feasibility. Therefore, a thorough
understanding of the payback periods for these solutions is essential, which will be explored in

the forthcoming sections.
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K Base case=#1 =#2 B#3 WM#4 &#5 BH#6

Energy consumption
MWh
w

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 54: Energy consumption of the differestenarios(Iintegrated Environmental
Solutions Limited, 2023)

6.3.3 Economic Analysis

The scenarios exhibited differences in their effectiveness regarding energy consumption.
It is crucial to emphasize that this effectiveness is intricately tied to feasibaiity an
understanding of lonterm costs. For example, introducing a green roof tailored to our climate
may involve a significant initial investment. However, the numerous environmental and social
advantages, including mitigating the heat island effectyigiy space for planting, and
reducing overall energy consumption, ultimately lead to a decrease in electricity bills.
6.3.3.1Scenario#1: Roof Insulation

a. payback period

To evaluate the economic viability of higierformance roof insulation, an-depth
comparson of various insulation materials is necessary. In compliance with the regulations of
the Dubai Municipality, insulation is mandated to meet specifi@lue requirements. Opting
for superior insulation not only familiarizes the market with advancesbraptbut also, if

supported by government incentives, it could become a sustainable and preferred solution.
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However, the simulations have shown a 6.65% reduction in energy consumption. The
subsequent section will detail its castectiveness by examinirte payback period.
For the replacement of wall insulation with as higher performance insulation which for the
selected case study it will co87,080AED. as shown in the payback analygiquation 1lit
resulted ina payback period of around 105 years which indicates the economic viability of this
scenario is low.

- Total annual energy consumption cost=9, AED

- The annual savings after implementing the green roof=96/68%=645.05AED

- Cost of implementing green root9,000AED depending on roof area.

Equation 1: Payback period for roohsulation. Author,2023)
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6.3.3.2Scenario#2: Green Roof

While green roofs offer substantetvironmenal benefits, their high initial costs can
discourage their adoption lypmeowners and developers. Globally, various incentives such as
tax abatements like the $5.23 per square foot offered in New York €ignd subsidies, like
Switzerland's model where only 20% of the green roof cost falls on the building owner, help
mitigatethese expenses. In certain jurisdictions, green roofs are obligatory for large buildings,
exemplified by Copenhagen's requirement for new buildings with shaltolved roofs to

feature green roofs.



My computerbased simulations, which concentrated on mgresof implementation,
showed a promising 10% reduction in total energy consumption, although this figure is subject
to fluctuation based on multiple variables. | utilized a configuration of extensive green roofs,
but alternative designs could also deligcemparable reductions in energy use. Elaouzy & El
Fadar (2022) examined the impact of green roofs on residential buildings with EnergyPlus,
similar to my second scenario, but their research spanned different climates, as opposed to my
Dubatifocused studyTheir results showed savings in energy consumption ranging between
21.3% to 66%, with the efficiency being dependent on factors such as climate, plant species,
and the thermal conductivity of the soil. They highlighted the advantage of using shade
providing plants in hotter climates. Nonetheless, the practicality of green roofs is often
qguestioned due to the perceived imbalance between their environmental advantages and the
financial outlay required for their initial installation, maintenance, and opergiaouzy & El
Fadar, 2022).

Green roofs not only diminish thermal ingress but also enhance the aesthetic of buildings
and help counteract urban heat islands. Nonetheless, the costs associated with them,
encompassing initial, operational, and upkeep esg&mpose a significant hurdle. Mahmoud et
al. (2017) examined the financial implications of green roofs in hot and humid climates and
discovered that all green roof options yielded negative Net Present Values (NPV) over a 19
year period. It was only in éh20th year that NPVs became positive, with a substantial increase
by the 40th year. However, their research concluded that, particularly in Saudi Arabia, green
roofs do not currently present a financially sound energy conservation measure, largely due to
the heavily subsidized electricity rat@esDubai, Eng. Yousuf Abdullah head of the permit
section in the building department in the Dubai municipality has stated to WAM (. emirates news

agency) that the cost to build any green roof ranges between KEHID® 50,000 depending
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on the roof areas. The municipality tried providing promotional incentives by adding extra 25%
roof area to what is approve@VAM , 2009)
b. payback analysis
Equation2 indicates that the payback period for installing a green roof, without including
operational and maintenance costshlsyears. This additional expenditure will increase the
initial outlay. Consequently, the green roof configuration in the scenaricethdted in a 10%
energy consumption reduction is not economically justifiable, rendering it an impractical choice.
However, there is a need for further research into alternative green roof configurations that could
significantly reduce energy consumptiand offer a shorter payback period.
- Total annual energy consumption cost=9, AED
- The annual savings after implementing the green roof=9,700x10%#®20
- Cost of implementing green root9,000AED dependingonroof area.
Equation2:* O AQ@I b AU ABAEGRIthdr,2023)
o bl e 1R e

Ehf_r[v n@ oo ...
VLA QWI I

WX T

L g

=+ 4

6.3.3.3Scenario #3:Wall Insulation

In comparison to scenario 1, incorporating enhanced insulation on the walls in scenario
2 acknowledges the increased need for insulation due to the larger wall surfaces. Nonetheless,
following the same principle, the reduction in energpstonption remains significant when
implementing multiple scenariofue to difficulty in retrieving the wall insulation pricing.

Getting the precise payback period was not possible.
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6.3.3.4Scenario #: Shading Elemenbn the South Facade

The integration of shading elements comes in diverse sizes and materials, each with a
unique impact on a building's energy consumption and the penetration of natural light into
specific areasAs illustrated in Figure 55Shading configurations encompasgehangs,
vertical louvers, horizontal louvers, and egg crate designs that amalgamate both vertical and
horizontal elements. The computsased simulation demonstrates that the incorporation of the
egg crate configuration is expected to result in an 11.8€#bction in energy consumption.
Whether these shading elements are incorporated into the initial villa design or added later, they
offer a range of options. Nevertheless, the feasibility of each option depends on a
comprehensive, caspecific feasibiliy analysis. Moreover, if the residential building is
meticulously designed from its early stages to integrate passive design strategies, it can provide
an environmentally and economically sound solutig@mar Elshiwihy & Nasarullah
Chaudhry, 2019)

Overhang Vertical Louvers Horizontal Louver

Figure 55: Different shadingonfigurations(Omar Elshiwihy & Nasarullah Chaudhry, 2019)

6.3.3.5Scenario #5:High-Performance Glazing Windows
In the context of Dubai's hot arid climate, window openings stand out as the primary
contributors to heat gains, primarily due to their comparatively highlUe in relation to walls

and roofs. Factors such as thermal bridges and air leaks can exagevitéed heat transfer.
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While advanced window technologies offer potential mitigation, the adoption of triple glazed
windows incurs a higher cost compared to single and double glazing.

MehdizadehRad et al. (2022) stress that the practicality of optingtdpie glazed
windows hinges on the building's daytime usage. If the building has prolonged daytime
occupancy and an extended service life, the use of triple glazing may be justified. However, the
viability of this choice is intricately linked to prevailj electricity prices. In the present
scenario, employing a doubigazing system for the case study resulted in an electricity cost of
9,701.36 Emirati Dirhams. In contrast, the estimated cost for implementing a triple glazing
system would be 8,327.KED, as calculated using the provided equaBion

Conclusively, the integration of more efficient window glazing appears to be a feasible
prospect in the near future. The potential for feasibility increases if efficient glazing becomes
more prevalent inpractical applications, leading to reduced market prices through bulk
production. This, in turn, can significantly decrease the payback period. Encouraging potential
investors to support these projects can facilitate mass production, ensurieffexiseness,
heightened demand, environmental conservation, and a subsequent reduction in the market price
of efficient windows.

Equation 3: scenario 5 reduction in total electrichill. (Author,2023)
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a. Payback period analysis
For the case study, the cost of double glazing wasAEaD per square meter, totaling

29,642.25AED for 39 windows covering 118.569 sqm. Triple glazing, at B&D per square
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meter, would cost 41,499.18ED. (WINDOOR PLASTIC INDUSTRIES L.L.C, 2023)Vith

annual energy savings from the window replacement calculated at 14387, he difference

in cost between double and triple glazing is 11,856&®M. As shownin Equation4. The
payback period, the time it takes for savings to cover costs, is 8.5 years, indicating that after this
period, the upgrade from double to triple glazatgrts to pay off financially. Considering the
lifespan of doubleglazed windows ranges from 20 to 50 yg@<%£verest 2020 Limited, 2020)

this investment could be worthwhile in the long rAesuming the lifespan of the triple glazing

is 20y e a owsds would be saving approximately 15,883ED by installing the triple

glazing windows.

Total areaof glazingin the 4 elevations: 118%m

Cost of the double glazing: 2%ED/m?

- The annual energy cost of the base case=AHID

- The annual savings after repiag the window=9,700 x 14.3% =1,38AED
Cost of triple glazing350AED/m?

- Total costof triple glazing =41,499ED

- Difference between the triple glag and double glazing= 11,856A&D

Equation 4: payback period equation for the Stbenario. Author,2023)
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6.3.3.6Scenario#: All the Above Scenarios
In developing scenario six, which amalgamates all previous scenarios, it is imperative

to holistically consider all pillars of sustainabifityenvironmental, economic, and eggr



aspects. The comprehensive nature of this scenario demands a multifaceted approach to ensure
that the cumulative impact aligns with the overarching goals of sustainable development.
Integrating each element requires careful analysis to balance treciimerbetween reduced
environmental footprint, economic feasibility, and energy efficiency. The outcome of such an
integrated scenario is pivotal in crafting a sustainable model that can be replicated and scaled
up within the context of Dubai's urban demment.

Upon conducting payback analyses for each individual scenario, a significant
observation is that not all scenarios guarantee-eftettiveness. While some may offer
substantial energy savings, their financial return may not be as immediatestansiab as
desired. This underscores the importance of a selective approach when implementing various
sustainability strategies, emphasizing the need for solutions that are both environmentally
beneficial and economically viable. The findings from thesyses are critical in informing
stakeholders, enabling them to make informed decisions that balancgéesmomvestments

with long-term gains for the community and the environment.
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Figure 56: A graph showing the percentageemergy consumption reduction per scenarios.

6.4 Survey and Computer-Based Simulation Relationship

The interplay between the survey findings and simulation resultsriscel aspect of
this research, illustrating the practical application of sustainability within Dubai's residential
communities. The survey provides a qualitative snapshot of homeowner awareness and attitudes
towards sustainable practices, revealing a spectfumderstanding and engagement with the
Al Saof at Green Building Rating System. These
which quantify the realvorld impact of these practices on energy consumption. By comparing
the survey responses with thensiated energy savings, this study uncovers the relationship
between resident awareness and the efficacy of sustainability measures. For instance, where the
survey indicates a gap in knowledge, the simulations demonstrate the potential for significant
enegy reduction, suggesting that increasing awareness could lead to broader adoption of
effective sustainability practices. This bidirectional relationship underscores the need for a
cohesive strategy that combines education and policy enforcement to &lithe e benefits

of green building initiatives.



The comparative analysis of survey and simulation data offers actionable insights for
policymakers and urban planners. It becomes clear that the efficacy of sustainability initiatives,
as forecasted by trsemulations, is partly contingent on the level of awareness and participation
by the eneuser® the residents. The scenarios that indicate substantial energy savings not only
validate the potenti al of t he Saodfrasidentpol i c
engagement as a pivotal factor for success. Bridging the gap between these two data streams,
our study advocates for a holistic approach in policy formulétione that equally weighs the
technical solutions and the sociocultural dynamics thaluente their adoption and

effectiveness

e
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CHAPTER 7: CONCLUSION AND RECOMMENDATIONS

The study methodically achieved its aims and objectives through comprehensive
research methods, as outlined in your dissertation. The primary aim of assessing the
effectiveness of existing policies and regulations to promote sustainable practices in residential
buildings was met through an integrated approach that combined literature reviews, local
insights, and computdrased simulations. These components werengake fulfilling each
research objective:

1. The identification of current policies and regulations aimed at promoting sustainable
practices in Dubai's residential neighborhoods was conducted in Chapter 2, where a
thorough literature review provided a falational understanding of the existing policy
framework.

2. To evaluate the effectiveness of these policies and regulations, Chapters 4, 5, and 6
presented a mulangle examination involving case studies, resident surveys, and
simulation data to measure thelicies' impact in practical settings.

3. An analysis of the factors influencing the implementation and effectiveness of the
policies was carried out through the literature review in Chapter 2, which offered
theoretical insights, and the compubarsed simwtions in Chapter 6, which provided
empirical evidence of their application.

4. The awareness and perceptions of residents towards sustainability policies were assessed
in Chapter 5 through a survey. This gave a qualitative measure of the community's

engagemet and the potential for policy uptake.
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5. Finally, the barriers and challenges faced by policymakers and urban planners were
discussed in Chapter 7, which synthesized the study's findings to understand the
obstacles in implementing these sustainabilityatiies.

the subsequent discussion will shed light on key research limitations and offer significant

recommendations and potential areas for future work.
7.1 Summary of the Research

In the culmination of this study, the analysis of the six scenarios hadigt&cenario
#6 as the most environmentally impactful, offering a reduction in energy consumption by 47%.
This scenario embodies the integration of kpginfformance insulation, green roofing, shading
devices, and triplglazed windows, presenting an aotble model for elevating energy
efficiency in Dubaids residential constructi ol
with both the regional ambitions for sustainable development and the global imperative to
reduce carbon emissions.

However, gorofound insight arises when juxtaposing this scenario against the literature
review findings, which highlighted a significant research gap in assessing policy
implementation and stakeholder compliantie feasibility study and payback period analysis
conducted herein respond directly to this gap, providing a nuanced understanding of the
economic and practical di mensions of i mpl emen
Scenario #6 demonstrates environmental viability, its economic adalyslating a payback
period of 51 years for the green roofing elemeitiuminates the complexities involved in
policy application and stakeholder adoption.

This study not only underscores the potential for environmental optimization through

scenarios like #6 but b calls for a balanced approach that integrates the economic realities



facing residents and developers. By doing so, the study bridges the identified knowledge gaps

with practical research outcomes, suggesting that enhancing policy frameworks anddgakehol
engagement strategies are as crucial as technical interventions. Therefore, the study concludes

by advocating for an integrative sustainability strategy that harmonizes the high environmental
aspirations of the Sadof aitalcensideratons revaaledthraughe e c on
the survey and payback period analysis, ensuring that sustainability is both an environmental

and economically attainable goal for Dubai's residential sector.
7.2 Research Limitation

The primary objective of this researishio evaluate the efficacy of existing policies and
regulations in promoting sustainable practices. Several limitations were encountered across
various facets of the study.

7.2.1 Case Study Samples

From a methodological standpoint, the selection of case sadples relied on
obtaining approval from villa owners for the academic use of their residences. However, owing
to confidentiality constraints, a comprehensive analysis of a larger sample of residential villas
within the national housing context in Dubaaswot feasible.

7.2.2 Energy Consumption Parameters

In this research, the selection of scenarios for assessing energy consumption was based
on various building characteristic components. However, it is important to acknowledge certain
limitations within the scpe of the study. Factors such as the efficiency of appliances, variations
in human behavior, and climate conditions were held constant. While these constants allowed
for a controlled analysis of the building characteristics, they also represent limittitimesy

do not account for the dynamic nature of 4idalenergy use. Future studies could benefit from
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incorporating these variables to provide a more comprehensive understanding of energy
consumption patterns in residential buildings.
7.2.3 Sa’fat Standards

The research might not cover all aspects of the Sa'fa standards, focusing only on certain
components of the building envelope, which may not provide a complete picture of the overall
sustainability impact.
7.3 Recommendations

Drawing from an extensive litexare review, local perspectives on sustainable living,
and computebased simulations, this study has investigated the implementation of the silver
Sa'fa standadl the minimum mandatory rating for all residential buildings in Dubai since
20110 and various diciency-enhancing scenarios. These scenarios included improvements to
roofs, walls, glazing, the addition of shading elements, and a comprehensive scenario combining
all these variables. The results revealed a significant reduction in energy consumiption,
savings reaching up to 47%.

The study highlights a critical need for enhanced awareness campaigns. The survey
results indicated a low level of familiarity with sustainable practices among participants,
underlining an urgent requirement for comprehemstampaigns. These campaigns should
target not only residents but also consultants, contractors, and policymakers. Such initiatives
could be spearheaded by the Dubai Municipality to bolster the enforcement and facilitation of
awareness programs.

Furthermoe, the survey results suggest a strong consensus on the necessity of
government support for building sustainable developments. This support could take the form of

both financial and nefinancial incentives. Financial incentives might include subsidi¢gxor
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benefits for adopting sustainable building practices, while-frm@amcial incentives could
encompass expedited permitting processes or public recognition programs. These incentives
would serve as a catalyst, encouraging the adoption of sustainatilegs#n the development
of Dubai's residential areas.
7.3.1 Implementation Framework

To enforce the platinum Sa'fa standards effectively, a comprehensive implementation
framework is proposedAs shown in Tablel9, This framework encompasses various
componentshat bring together different departments and stakeholders to ensure the successful

adoption and integration of these standards.

Table 19: Proposed implementation framework.

Formation of Task Force Resposiblity

1|St akeheonledgeargsm|bui | di ng permit departm

and coll aborgof | ife department

2/ Workshops andHuman resources departm

progr ams depart ment

3|/Policy develaglLegal department

revi sion

4| Public awarenUniversities, gover nment

5|1 ncentive prgFinance department, bui

pl anning and quality of
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6|l ntegration WBuil di ndye ppeerrtmme n t

processes

7/ Regul ar monitfTask force and building

reporting

8/ Community FegResidents and building

Mechani sm

7.3.2 Proposed Building Permit Process

The current building permit process within the Dub&inicipality is a structured
sequence designed to ensure that all architectural, structural, and MEP (Mechanical, Electrical,
and Plumbing) plans are thoroughly submitted and reviewed. Initially, all drawings are uploaded
to the DM BPS (Dubai Municipalituilding Permit System) portal. These applications are
then meticulously checked by the building permit section. Following a successful review, permit
approval is granted. Subsequently, the payment of fees is required, after which the permit is
officially issued. The final step in the process is the issuance of the building completion
certificate, which signifies the end of the construction process and compliance with all relevant
regulations.

To encourage homeowners to comply with the platinum Sa'fa standards, a revised
process is being proposed. This enhanced process also begins with the submission of all
architectural, structural, and MEP drawings into the DM BPS portal. However, it intsoduce
expedited application reviewing by the building permit section, offering a more streamlined
experience. Upon approval of the permit, homeowners are incentivized with discounted

payment fees, making adherence to the platinum standards more attracter¢h@®permit is
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issued, the process extends to include construction supervision and regular monitoring by the
inspection team, ensuring adherence to standards throughout the construction phase. The
processconcludeswith the issuance of the building comipbe certificate, which, under the
proposed process, also affirms compliance with the higher standards set forth by the platinum

Sa'fa.

7.4 Future Works

The scope of this research provides a foun
Green Building Systels impact on sustainability within residential environments. However,
the everevolving nature of sustainable technologies and practices suggests a wealth of
opportunities for further exploration. Future studies are essential to delve deeper intoaternati
scenarios that could enhance energy efficiency andeffesitiveness in urban residential
design.

Onepotentialavenue for subsequent research is the investigation into the application of
phase change materials (PCMs). PCMs have the potential toicagtlf reduce energy
consumption for heating and cooling by leveraging their thermal storage cafétityg et al.,
2023)Understanding the best practices for integrating PCMs into residential buildings in Dubai's
unique climate could prove invaluable.

Additionally, the adoption of advanced glazing techniques, such as quadruple glazing,
warrants thorough examination. Future research should assess the viability of such glazing in
terms of energy savings, cost implications, and suitability in the loca¢xdor8tudies could
compare the performance of quadruple glazing against current standards to determine its
practical benefits.

Other potential studies may include but are not limited to:



- The longterm impacts of green roofs and other green infrastructureurban
microclimates.

- The effectiveness of integrating renewable energy sources, such as solar panels, in
conjunction with the Sadéfat standards.

- The role of smart home technologies in enhancing energy efficiency within the
framework of the Sadéfat system.

- Socioeconomic studies examining the willingness of residents to invest in green building
measures and the perceived value of such investments.

Through continued research in these areas, stakeholders can gain a clearer picture of the
most effective strategs for sustainable development. The aim is not only to refine and improve
the existing Saéfat system but also to stay a
Dubai remains a leader in green urban living. The pursuit of such knowledge dal dati
shaping a sustainable future that meets environmental goals while also aligning with the

economic and social needs of the community.
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Appendices
Appendix A
Case studgrawings
Villa #1:
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