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Abstract

This research investigates residential building eng@yormance and feasible energy
efficient measures to achieve Net Zero Energy Homes (NZEHs) on the eastern Arabian
Gulf peninsula, considering the local vernacular architecture context and passive cooling
techniques, regional hot and humid climate condgjooccupants' needs, and cultural
requirementsThe simple definition ofn (NZEH) is when the building is energgl-
sufficient throughout the yearhis research investigatidmas been accomplished through

a comprehensively staged research methodology. It included an extensive literature review
examining how ancestral communities coped with the harsh climate of the east coast of the
Arabian Gulf peninsula in the absence of eleity. Additionally, it involved an analysis

of the energy consumption trends in residential buildings within the redertifying key

design characteristics typical to Arabian Gulf residential buildings, and aemguter

modelinglESVE to illustratea futureNet Zero Energy HomeNZEH) of the region.

The results from computemodeling IESVE of a designed base casedicated that
implementing passive coolingentilationonly, such as using natural ventilation through
techniques like wind catchers, wind scopes, and an operable door located within a
courtyard, produced only marginal reductions in total energy consumption (less than 10%).
However, integrating supplementary Energy Efficiency Measures (EEMs), such as
enhancing thermal insulation, implementing shading strategies, and improving Heating,
Ventilation and Air Conditioning (HVAC) efficiency, led to a further 30% decrease in the

building's energy consumption.
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While the research shows that achieving annual energgéilfiency and reaching Zero
Energy Home (ZEH) status is possible in the Arabian Gulf region, it also highlights the
challengesinstalling active renewable Photovoltaic (PV) panels on the building's roof is
crucial According tothis researchnvestigation the NZEH concept can be applied to the
region, but making it feasible throughout the yeacamplex The installation of solar
panels made the NZEH energy simulation prototypessdffcientannually.The definition

of an NZEready house is when the house reaches a low energy consulepgipwhich

makes it feasible to install solar pamelt this stage.For this investigatiod £50 m?2
prototype, the total power generated by the PV system during the year was 17.1 MWh,
while the NZEready house usage was around 16.6 MWh. However, the solar panel system
could not meet the total energy demandhe summer months from July to December,
with an average deficiency of around 7Bleverthelessthe PV system has ten batteries

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

Additionally, compared with traditionabuilding construction, the cost penalty of
constructingan NZEH increases construction costs by more than 15%, with a payback
period of roughly ten years. The increase in the construction cost is mainly due to installing

the solar panel systems, whidh the case of this research prototyqust around $25,000

Finally, this study contributes to the existing body of knowledge in the field of sustainable
building construction by providing framework, recommendations, and guidelines to
promote the adoption of ZeiBnergy Homes (ZEHSs) in the harsh, hot, and humid climate

of the East Coast of the Arabian Gulf aedion with smaller climata general
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CHAPTER1

Introduction

1.1-Background
Therise ofoil expenditures in the 7CQdlowed the Gulf Council countries (GCC) tige

significant revenues generated from oil production to construct new modern cities and their
associated infrastructure aramenities The oil wealth also has been reflected in
considerable changes in lifestyle patterns landg standardslt was found that lifestyle,
individual consumebehaviouy and other soctaultural factorsinfluenceenergy use in
individual dwellings Thesehave listed the Arabian Gulf Countries among the top 10
countriesin terms ofelectricity consumption and GCmission per capitavorldwide
Furthermore, with oil pricefluctuating and since 80% of our electricity generatisn
derivedfrom oil as the main energy source, the necessity to diveéhginergy resources

is becoming vita(see Figure 1.1)

m oil
W Natural gas
m Hydropower

. Other renewables

Figurel.1KSA. Electricity Generation by Energy Source according to us energy administration
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Comparingour region with other global countrishowsit depends mainly onil asone
majorenergy source. For instance, in the USA, there is a diversity of energy sources they
can rely on in case of any energy crisis, including nuclear and renewable @eer§ijgure
1.2). Howevermany significant problems remaimcluding the harsh climategsource

marketinstability, andanunplannedexpandingateof newhousingunit construction.

m Coal
B Natural gas
m Nuclear

Hydropower

M Other renewables

Figurel.2 U.S. Electricity Generation by Energy Source accordind.& Energy Information
Administration

The factors aboveesulted in an increasaxhergy demandas seen by the yearly energy
consumption of buildings and the significant fluctuations in eneagys between winter

and summerResearcthas shown that during the summer, the energy requirements of
HVAC systems in buildings and other household appliances reach unprecedented levels,
depleting local energy supplies. Summer energy usage in some resithertalgs
increasedsevenfold compared to winter. The fluctuation in energy demands across
different seasons pugsiadditionalload on electrical providers to generate power during
periods of high demand (Madi et al., 2011)As a result in late 2015, the Saudi
governmenincreasedhe price of household energy bills by 60% due to low oil prices,

putting pressure on many ordinary families to take more notice of daily living expenses.
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Most of thehome's energy consumption comes from the HVAC sysieciuding other
factors thatre the primarynfluencesonthe energy use of major building systermsthe
summey theenergy demand for HVAC systeraonecan reach 5@ 70% of total home

energy usewhich leads to the majdactor that shoul@nalysed closel{see Figure 1.3)

M airconditioning
m appliances
m lighting

water heating

M other

Figure1l.3 GCC Residential Power Demand SplitByilding ConsumptiorEl-Katiti, 2011).
Consequently the GCC countries mustcreaseheir efforts to enhance their renewable

energy capacity as a solutiohccording to the IRENA research, the GCC's power output
2019 relied on renewable energy for just 0.6% of its total generation. ThecQ@@ies

have a combined installed capacity of over 2800 MW, which accounts for just 1% of the
energyneeded. Compared to other dry nationsthe region which have a capacity
proximity of 500 MW and contributenorethan15% to its public gridElrahmani et al.,
2021).Moreover,to contribute to domestic energgmandand longterm environmental
sustainability, the GCCauntriesmustimmediatelyconsider the benefits of conserving
energy consumption in buildinds/ promotingNet-zeracenergy home¢NZEHS) for the
regional residential markelZEHs can be a feasible solution teducedependence on

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

the residential sectpwhich can ease the pressure ondittnary localelectricity grid.
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1.2- Overview ofDomesticBuilding Distribution

Economic, environmental, social, and cultural criteria significantly influence construction
methods in Saudi Arabia and other Gulf Cooperation Council coun€@ssequently,
building methodology modifications occwhen any of these factors undergo changes.
Beforethe 1970s, the construction industry used passive design principles in home design
and building operations since they depended on local materials and climatic conditions (Al
Hinai, 1993). The main goals were the limited supply of energy resyuradequate
access to local building materials, and a shortage of financial resources to get components
outside.Climate conditions significantly impact the design of structures and the use of
materials globally In the past, Gulf vernacular architecture achieved sufficient thermal
comfort by using innovative concepts and systems adapted to the prevailing temperature
conditions and local environment. Consequently, dwellings in coastal regions were
strategically oentated towards the séa optimise the bnefits of onshore sea breezes.
Further inland, further into the gulf, where the air had relatively low moisture levels, mud
was used as the primary building material to provide an efficient thermal barrier against
the absorption of heat throughout the suen. Over the last four decades, building
techniques in the Gulf area have shifted towards more modern methoddRmyieeete is

used extensivelyin construction, whereas local traditional materials have been
progressively substituted in the building sectThe shift from traditional local materials

to concrete hasccurredbecause of concrete's improved ability to be designed in many
ways, longer duration of building use, and increased ability to withstand compression. As
a result, affordable mechanical air conditioning systems were developed, giving building

designers moré&eedom to bypass natural restrictions for thermal comfartordingly,
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the construction of concrete block buildings did pdbritise energy efficiency during
operation due to the failure to use the beneficial features of the surrounding environment
in the design and layout. As stated in the 2019 report by the Kingdom of Saudi Arabia
General Authority of Statistics, 89% of housing anithabited by Saudi households are
made of reinforced concrete, which is the predominant construction material. Furthermore,
homes constructed using bricks or blocks constitute around 9.1%llobuildings.

Traditional or stonbomeshave the lowest percentage among all buildings in Saudi Arabia,

accounting for about 1% of the total number of buildirfgsefigure 1.4).

Block/Bric
S1° P

Distribution of households by materials used in Saudi 2019

m Ston
m Mud
Block/Brick

m Concrete

Figurel. 4 Saudi Arabia distribution of households by building material used for house construc
(Kingdom of Saudi Arabia general authority of statistics, 2019

Regardinghetype of housing,datashowedthat apartmentsverethe mostwidespreadn
the Kingdom, astheyacquired43.7%of the total numberof accommodationsquivalent

to 1.61million apartmentsjpfrom 1.57million flatsin 2018,followed by villas by 29.7%,
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whichrepresent&.1million villas. Thefollowing tableshowsthe percentagef dwellings
accordingo thetypeof residenceThe SaudiGeneralAuthority for Statisticssaidin 2019
that the numberof housingincreasedo 3.68 million housingunits occupiedby Saudi
families, increasingd0.8thousanchousingcomparedo 2018.The numberof individuals
living in thesehousingreached21.59 million, with an averagesize of the Saudifamily
amountingto 5.86 comparedto about5.96 in 2018. The percentageof housingunits
occupiedby Saudifamilies out of the total numberof dwellings was 64.85%in 2019,
comparedo 64.17%in 2018.The householdsizeis understoodasthe resultof dividing
the numberof individuals by the numberof householdsMoreover,Dataissuedby the

GeneralAuthority for Statisticsshowedanincreasen Saudihouseholdgbercentagef

Housingin 2019,to 62.1%,comparedo 60.5%in 2018(seefigure 1.5).

Traditional House Floor In House

Distribution of households by type Saudi Arabia 2019

m Traditonal House
Villa
M Floor in Villa

M Apartment

Figurel. 5 Saudi Arabia distribution of households by building type (Kingdom of Saudi Atabieeral
Authority of Statistics2019.
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Thetrendin SaudiArabiais towardowningresidentiabuildingsratherthanrentingdueto
many factors, such as Governmentresidentialloans and the governmentalresidential
buildingssupporting program which helped increaseindividual ownership awareness

towardthe housingmarket(GASTAT, 2019 Sakani2022)(seeFigurel.6).

Residence Ownership Pattern In saudi 2019

Own residence
|

Rented residence

m Employer residence

Figurel. 6 SaudiArabia resident ownership pattern (Kingdom of Saudi Arabia general authority
statistics, 201p

The Ministry of Housingfacilitatedthe journeyof Saudifamiliesto own their first home

This supportis representedby the launchof a largescalehousingproject, which made
buyinga homean easierdecisionthanbefore.With thelaunchof Governmentesidential
loans,Saudifamilies cannow own homesthroughvariousoptionsandfacilities, with the
abundancef projects,units,andscheme®ffered. Thatkind of programseekdo provide
manyhousingsolutionsfor Saudisby offering variousreal estateunits in housingprojects
in multipleregionsin SaudiArabia. Thiscomedrom thegovernment'supportfor citizens

to own their own homesandprovideeasysettlemenapproachegSakani, 2022)
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1.3-Aim and Objectives

This research aims to investigate the technical and economic viabilNyYBH on the

Arabian Gulf East coasfThis region was selected based on its histeneahacular
architecture passive cooling techniques, harsh climatic conditiaml cultural

requirements, making constructing k®amergy buildings challenging he stated aim is

achieved through the following setsgecificobjectives:

i Conduct an extensive literature review to learn abeermacular residential
buildings' construction materials and passive cooling techniques to utilise them in
this research base case. These technigliesed ancestors to inhabit the East
Coast of the Arabian Gulflsarsh climate without electricity

1 To identify the main design characteristics of a typical residential home suitable for
a Saudifamily and assess energy consumption trends in thaigdings.

1 To examine th@roperties and design ah NZEH and how this can be adapted to
climatic conditiondike those of the Arabian Gulf

1 To conduct energynodellingfor the NZEH prototype including validation and
cost estimationwhich is compatible witlthe Arabian Gulf

1 To providegeneral recommendations and guidelines for promoting NZEH in

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

The investigation hypothesises that the premise and implementation of NZEH are feasible
within the Arabian Gulf East Coast's ecological and cultural context. NEABHbotentially
reduce energy use while providing significant environmental and economic benefits to the
Arabian Gulf'sresidential buildingndustry. As a result, various research questions were

asked while developinthe methodologyTheresearch questions are as follows

RO1-Research Question one

Which passive cooling techniques and construction materials did our ancestors use in the
Arabian Gulf'sharsh climatavithout electricityto be applied in designing the NZEH?

RO2-Research Question Two

Whatelements in architectural design geometry and building envelope selsmioibute
to the increase in energy consumptiorthe ArabianGulf regionbuildings?

RO3-Research Question Three

Which energyefficient measureare most effectivéor the Arabian Gulf's harsh climate
and can move hors¢o a low energy consumption stage?

RO4-ResearchQuestionfour

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

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

1.5-Research Uniqueness and Contributions
There is a lack oAwareness and considerationthe fieldof theintegrationpotential of

passive cooling systems, extracted from the Gulf ambient environment and corttext
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the architecturabdesign strategy angeometry(Feng, 2011), (Akhateeb and Abiijleh,

2019), (Shin et al, 2019), (Casini, 2020), (Eshraglal, 2014),(Alfariset al, 2017),( Lan

et al, 2019),( Kristiansert al, 2019) Therefore, this research aims to develop NZEHs
that integrate how our ancestaotsisedpassive cooling techniquésatural ventilatiohin

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

contributions of the present research to the body of knowledgeiamariseds follows:

a) Develop an innovative NZEH prototype building thatenhanesbuilding envelope

quality, utilising passive cooling measures and applying renewable energy to reach the
NZE stage. The prototype will address architectural design, house envelope design,
construction materials, and -gite renewable energy technologies. The strategies will
cover active angassive measures such as building design, shading devices, heating,
ventilation, air conditioning (HVAC), volumetric compositions, and wind catchers.
Regardingarchitectural design, the proposed prototype valelvoked from the GuEast

Coast ambient environment and culture dyyplying some vernacular materials and

techniques thadbcus on new construction buildings.

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

on passive cooling techniques and traditional construction materials to utilise them

in creating the NZEH. The investigation aims t@nalyseand identify passive cooling

techniques' mechanisnasd functionality, including thermodynamics of air movements

and the relationship between the design aspect and mechanism. Our ancestors' construction
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materials will besummarised characterisedand linked to their contribution to the

efficiency of the passive cooling technique

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

East Coast region, considering the harsh climate and tkeceptionalcultural and

traditionalobligations The guidelines will suggest a feasible scenario to combine passive
cooling techniques with renewable energy to reach the NZE stage. Recommendations
Concerning house envelope selection and construction materials apifilieel delivered

at the end of the studWZEH's design framework will also suggest approacheslising
renewableenergystrategies Recommendations about thest estimatiompayback period

will be analysedo clarify the initial cost and the application feasibility from ¢basumer's

perspective.

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

research aims to produce an NZE residential building typology compatible with the
Arabian Gulf energy perspectiveand KSA 2030 vision which promotes utilising
renewable energy and diversifyitige energy source rather than depending on oil as the

primaryenergy source

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

Energy Utilization IndeXEUI) to position individual annual energy consumpt@nthe
energyinternational energy use per capita treRdrthermoe, distinguish standards for
NZE ready stagéor the Gulf East Coast context that anarkedbesidesome developed

countries' internationanergy use index
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f) Bridge the gap between individual energy consumption behaviour and

conservation awareness by creatinga more positive consumer attitude towards energy

efficiency. This will be performed byhighlighting the benefits of saving energy and
establishing recommendations to be followed as guidekvi@sh will increasethe public

perception oénergy conservatiofrigure 17 below summariseheresearch objectivaend
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1.6- GeneraMethodology

This study lays the groundwork for a detailed guideline that outlines a method for building
a residentialhome with net zero energy (NZE) in this specific setting. The research
provides accurate and quantifiable information on the methods used in constructing
residentialbuildingsthat achieve Net Zero Energy (NZE) status, particularly within this
specific climatic area. Therganisatiorutilises a systematic approach at various stéges
achieve its goals and objectives efficientifarious methodologies providéavourable
results that are relevant the research investigatioff.o deliver research outputs of
supeior quality,the chosen approach must incladiestagef the(NZEH) concept.This
research project's datollection and analysis stages neqdalitative and quantitative
methodologies, including statistical analysis. The activities encompassed in this project
involve doing a comprehensive examination of relevant literaesggblishingdetailed
models of buildings, analysing data collected during site visits, and examining case studies.
Hence, a combination of different research approaches was usdgsfonquiry (mixed
methods) (for more information, see the methodology chagtke) study methodologies

will be implemented in three distinct phases. The study begins with a preliminary phase
focused on comprehending the described subjects inside the research domain. This
involves addressing the study inquiries about our predesesdnlity to survive in the
challenging environment of the Arabian Gulf area by just using passive cooling methods.
Moreover, while comprehendinget Zero Energy Homes (NZBHbrinciples it is crucial

to emphasise certain Energy Efficiency Measures (EEM) and renewable energy methods
appropriate for our specific climatic circumstances. The subsequent phase involves

examining the current building methods in the area and producing a bekatese to
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serve as a reference point {NZEH). To understand this research component, we will
distribute and analysa survey and questionnaire to residents of a public residential
building. This will enable us to identify the physical and practical factors that htiect
energy consumptioandthetenants' opinioneegardingmplementingsustainable projects

in the area. Additionally, there will be a visit to the site of current residential building
projects in the area to see and analysectimstruction methodssed. In the last phase, a
computer modelling programm#&ESVE, will be used to create and analyse a stian
model for (NZEH) that is tailored explicitlfor hot and humid regions. The computer
model integrates the ideas collected and understood in the previous phases, such as passive
cooling methods, EEM, and renewable energy, to determoneNZEH may be realised

in the Arabian Gulf areéSee Figure 1.8 for thgeneral research methodology diagram
divided into three stages to meet the main research aims and objeetivée detailed

approachseethe methodology chapter.

7\
Stage One Stage Two { 2 ) Stage three 3
N N

L The Actual i
Enriching The construction Building The
Background practice prototype
» Our ancestor's way of «  The Gulf residential » Base case Final
design. |:> buildings context. |:> remarks.
» Passive colling tech. « Site visit. * Molding the NZEH
» Construction materials. * Residential surveys. prototype.
* EEM & renewable » Designing the base case. » Estimation of cost and
energy. * Validation & comparing. CO2.
» concept of NZEH. » Framework and
recommendations

Figure 18 generatesearch methodology diagrars divided into three stages to meet the main res¢
aims and objectives.
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1.7-Structure of The Research

1 Chapter One: - Introduction.

This chaptetriefly describeghe region's energy and building residential contexits,

objective, hypothesis, uniqguenesmtributionsand research general methodology.

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

Materialsin The Gulf Region.

1 Review the passive cooling techniques and construction materials used by our ancestors in
the Gulf region. Moreover, a summary of all the techniques has been gathered at the end
of this chapter, coupled with their advantages and disadvantages to bel utilites

research NZE prototype.

1 Chapter Three: - EnergyEfficient Measureand The Concept of NeZero

EnergyHomes (NZEHs)n Hot-Humid Climate

Gathers EEMs that can be utilized in 4moimid climates to apply them to the NEHE
prototype. In this chapter, all investigated measures have been diagnosed to illustrate their
advantages and disadvantages and judged whether utilizing them in the Arabian Gulf
region climate is feasibléloreover,it Identifies the NZEH principles and fundamentals,
presenting some of the previous work done in this field of research. Moreover, this chapter
has concludethatcombining measures and tbptimum EUI before applying renewable

energy is the best method to achieve the NZE

1 Chapter Four: - Research methodology

Explain the method used in this reseanghich consists of three main stagkdocuses

on building the base case fitie netzero residential building. The key factors atesign
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features fothe Arabian Gulbase case were deriviedm the survey, Saudi code, site visit,
and other research modelhe energysimulating tools were determined by relying upon
some mandatory measures and requirements in designing the NZEH. Moreobesehe
case simulation sampleas validated by corresponding it with an existing home in
Dammam city and other researcher models to create a sense of error reghetathis

research base case stands.

1 Chapter Five: - ResidentiaBuildings Surveyesults

Identifies the main characteristics of a typical Dammam, Saudi Arabia home and
emphasisethe possibilities and challenges of implementing NZEHs from the resident's
standpoint. At the end of this chapter, a summary was made to guide the design of the base

case according to the resident's perspective.

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

In this chapter, the base case model will be enhanced, and the EEMs and passive cooling
techniques will be applied with renewable energy's assistance to reach the NZE stage. At
the end of this chapter, a conclusion will be made on whether the concept&sf iNZ

feasible to apply in the Arabian Gulf region.

¢ Chapter seven - Framework, Recommendation and Conclusion

Setting the benefits and challenges of applying the concept of NZEH in the Arabian Gulf
region. Moreover, the researghestionwill be answered, and final recommendations will

be givento the governmenthomeowners and architectsurthermore, this research will
illustrate a finding framework and remarks. At the end of this research, future work points

areaimed athe researcher and designer.
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CHAPTER?Z2

Review ofVernacular ArchitecturandConstruction Materials
The Gulf Region

2.1- Introduction

In this harshclimateregion,our ancestorhavehada critical issuecopingwith living in
this environmentNeverthelessthey haveadaptedo challengingconditionsby utilizing
techniques extracted from their ambient environment. Those techniques (passive
approachesinteractin harmonywith natureratherthanconflict with it, which resultsin
moving the Indore environmento reachthe thermalcomfort stagewithout the needfor
any artificial sourceof energy(Khalili & Amindeldar2014).The passivedesignresponds
to the local climate and ambientenvironmentto ensurethe comfort and well-being of
building userswhile conservingenergyuse.The coreof designinga passivebuildingis to
utilize the bestadvantageof the local climate (Taleb,2014).Both building systemsand
passivedesignparameterhavebeenprovento be essentiako reachingan NZEH goal,
combinedand integratedbasedon local climatic conditionsand ambientenvironment
(Feng, 2019). Some studiesshowedthat passivecooling techniquescould sustainthe
indoortemperaturevithin the comfortrangewhile reducingthe building coolingloadand
energyconsumptiorrequired(BhamareRathodet al, 2019).In fact, our ancestorshadto
rely on severalvernaculartechniquego enhancep e o p domfortsn the Arabian Gulf

desertclimates Forinstanceancientuildershavehadacreativeway to makethebuilding
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cool andventilatedthroughthe harshsummertby creatingwind towersthat makethe cool
air sinkin andkick the hot air out by makingit risethroughthewind tower (StackEffect
Phenomenajhen out throughthe wind tower opining. Thosetechniqueshat enceinte
buildershad, are Net-Zero, sustainableand durablein the meanof today perceptionfor
manyways: Theyareconvenienandeconomicato build, NetZero-Energyby usingonly
naturalforces,maintenancdree anddo not requireany repairingparts,do not haveany
harmimpacton natureby polluting the environment,noise,and vibration free also the
materialsthatusedin the constructioraresustainabl@ndrecyclable(seefigure 2.1). The
original conceptof thosevernaculartechniquesvas evokedfrom the perceptionof the
ambientenvironmenthat our ancestorsnanagedo interactwith in a smartandcreative
way (Hawker,2008). Moreover,many solutionspresentedn conservingenergycanbe
appliedfreeof cost.Forinstancethebuildingscouldbedesignedy incorporatingpassive
designaspectghat positively impact energy consumptionwithout any needfor active
measuregAbdul Mujeebu,2016)in theendcanbe concludedhatthelow-energylifestyle

could be easily achievedin the pastwith a simple passivemeasurewithouts acr i yci ng

comfort(Khalili & Amindeldar2014)

Figure 217 Al b dhelaitder, is constructing a home using sets of double r
bricks in Kuwait(Kuna,2 0 Y 4
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2.2- VernaculaPassive Colling Techniques

2.2.2 Courtyards

Thecourtyardwasutilisedalongtime agoin the ArabianGulf regionasoneof the passive
solutions.Courtyardsserveasa cool privateareathatprovidesa greatopportunityto hold
social events.The Courtyardmechanisdas consideredone of the bestpassivesolutions
suitablefor the harshconditionsof hot-arid regions(Hawker2008).Cool night air settles
downin themiddle of the courtyard makingit serveasacoolair lake. The cool air lakeis
storedin the courtyardgroundand walls until the mid-morning of the following day,
makingit suitableto sit andenjoytheearlymorninghours(seefigure 2.2). Duringtheday,
thecourtyardcanbe coolerthanhomeoutsidetemperateat the spacedackto thesun.On
the otherhand,addingtreesandfountainsto the spaceresultsin shadingfrom directsolar
heatgain,helpsventilateandfilter dustandnoise,andremovedheatby conventionenergy.
Meanwhile, the rooms thaurroundthe courtyard get daylight and cool air from the

courtyard by cross ventilatiofKhalili & Amindeldar2014).

Figure 2.2 Courtyard Bait al Naboodah Al-SharjahRUAE which is opened its doors on November 1
1995. After its renovation and restoration, Bait Al Naboodah was reopened again on April 08, 2
(Source:=- Sharjah Museums Authority)
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Outdoor temperature Courtyard temperature Acceptable condition Neutral temperature

45.0°C

35.6°C

33.8°C

25.6°C

17.5°C

16.5°C

10.0°C

Figure 2.3 The difference between outdoor air temperature and courtyard air temperature in Yaz
(Heidari 2010)

2.2.2 Windcatcher

Thefi wi malt ccbllectstheprevailingsummemwind by its opening thencoolsit down
and circulatesit throughthe building. Usually, the wind tower hastwo ends,onerising
throughtheroof andhasmanyopeningsandtheotheronereachesheendof thebasement,
which couldfi d i s cchpaer ngiEmegppéarparthasfour openingsasa maximum,and
thoseopeningshavea vertical passageisedto hold a perforatedvoodenpanelto prevent
birds from comingin. Moreover,in the winter, the residentausuallyblock the upperpart
openingwith asoldwoodenpanelto keepthe courtyardandroomswarm (Hawker2008)
Thewind towermechanisniunctionsby thedifferentiationin the Temperaturanddensity
betweerthe outsideof the homeandinside. Sincethe temperatureutsideis higherthan
inside,the air densityoutsideis lower thaninside, makingthe light air aroundthe tower
sinkinsidetheshaft.So,thedifferentiationin thetemperaturanddensitymakeshetower
work evenwith the absenc®f wind by stak effectphenomengAlp, 1990).0n the other
hand,Windcatchersnsidethe houseareusuallylinked to the main spacedike a (majlas)
living roomand,in somecasescanservemorethanonefloor (Bahadori,2006ascitedin

Khalili andAmindeldar2014).
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Figure 2.4 Esa bin Ali house in the kingdom of Bahrain has a wind tower a
courtyard that surrounds by rooms (Sourdgahrain Authority for Culture and
Antiquities).

> fﬁl@@@ |

Figure 26 Cross ventilation through theind tower to the courtyard at nigh
(Alp, 1991).
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Figure27A hand drawing for one of the HAAI
tower location and mechanism (gawhary, 2015)
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2.2.3 Massivewalls

The ArabianPeninsulds arid; therefore temperatureare hot during the day andcool at

night. The significanttemperaturalifferencebetweerday andnight promptedthe ancient
buildersto employthethermalmassapproacto constructheir dwelling walls. Mud brick

or seastone(coral) was usedto build walls, which also serveas heat reservoirsand
insulators.Furthermore during hot days, heatfluxes from the outsideto the inside are
slowedby theenormouswvalls, andduring coolernights,a portionof the heatstoredin the

walls is releasednto internalspacewia thermalmassphenomengAlp, 1990).The mud

brick adobewalls havepoorheatconductivityandgreatenergystoragecapacity absorbing
up to 80% of the outsideheatand transmittingjust 20% within. The enceintebuilder
carefully chooseghe wall thicknessto guaranteghat the coolnesscollectedduring the
summernight will give suitabletemperaturegor most of the following day. However,
heatingwill not be necessaryn thewinter sinceheatis storedin walls duringthedayand

radiatedat night (Hawker2008).

Figure 28 Sheikh Saeed dlaktoum's House in Dubai was built with &
massive mud brick (Adobe walls) (Hantash, 2016)
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2.2.4 Wind Scoops

Wind scoopsare structurally integratedhorizontalwall aperturesA deepniche on the

outsidewall provideswind scoopsthat run continuouslybetweentwo vertical supports.
Wind scoopsareoften situatedin the walls asopeningghatmay cool the insideareashy

crossventilation. Bahrain,Kuwait, and the EasternProvinceof SaudiArabia still have
rudimentarywind scoop uses. Variations of the sameidea include recessedparapet
openingsalongthe roof terraceto ventilatethe area,whichis a pleasantvay to spendthe

evening.On the otherhand,wind scopeseedconstanimaintenanceincethey are often

obstructedy bird nestgHawker2008).Naturalventilationmaybeusedwith otherpassive
methodgo increasebuilding thermalcomfortandenergyefficiency. Thus,by combining
thewind scoopwith otherpassivecoolingmeasuresjwellingsmayeasilyachievehermal
comfort(Sakiyamaetal, 2020).

o k) o ek it ok i
3 e o ) e -

Wird iy | g 4 ~V/‘ [
Figure 2.9 A wind scoops in the wall helps tc ~ Figure 210A ‘hand drawi ng

encourage the air circulation in rooms (Alp, Bastakiyao houses in
1990) scoops location (gawhary, 2015)
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2.2.5 Basement

Undergroundsheltersor basementsre usually formed with energy conservationand
thermalcomfortin mind. Sincethe groundhasa very high thermalcapacity,the deeper
layers' temperaturesare lower than the summer ambient outdoor air temperatures.
Therefore,in the summer,undergroundspacesavebetterthermalcomfort and energy
savingthanabovegroundM. Staniec2011).Usually,basementarelocatedunderground
with aceiling raisedby a smalltoleranceabovethe groundto allow naturallight andfresh
breezeto getinto the spacethrow windows. Underthe groundlayers, The Earth’'smass
absorbsand preserveseat.Over a period, this heatis dischargedo surroundingareas,
including the basementsBecauseof Earth's high density, the swing in the Earth's
temperatureoccursgradually, known as 'thermallag.' Therefore,the Earth providesa
steadytemperaturdor thebasemenspacegvenwhenthe swingin outdoortemperaturés
significantly high (B. Hoyle 2011).In summer the basements usually occupiedaround

noon sincethe undergroundemperaturas cooler than aboveground (Foruzanmeh#&

Vellinga, 2011ascitedin Khalili andAmindeldar201%.

Figure 2.11 The section shows how the basement ceiling raises above the ground to allow air circt
cross throw basement ventilation openings (ssemi & Karbassi, 1998)
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2.2.6- lvan

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

is to provide thermal comfort conditions in neighbouring interior areas. Ivan used to be a
place to sleep at night, live and relax during the day, eat suppéreaddast, host social
gatherings, serve as a hallway, connect areas, and enjoy the view of the sky. In detail, lvan

is a semiopen area (Arcade) with access to the courtyard on one side. Typically, lvan
integrates into the rooms by opening doors and wisdo enable crosgentilation air to

enter (Khalili and Amindeldar 2014). lvan's measurements at Boroujerdiha residence
reduced the temperature differenti al bet we

(Haghparast & Niroumand, 2007, as referenioddhalili and Amindeldar 2014).

i
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Figure 2.12 Usually, Ivans are linking to rooms and spaces by alleyways (Tavas
1982 as cited in Khalili and Amindeldar 2014)
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2.3 - Vernacular Constructiollaterials

At thebeginningof the 20th century(1901),a groupof peopleknown by the nameof the
mastel(Banna)usedto build homesn theArabianGulf areaUsually,the(Banna)descend
from afamily knownfor its experiencen constructiorandbuilding (seefigure 2.13) One
bestknown, for instancewasthe Al Bannafamily, who wereoriginally from the Bastak
districtin Iran, but they relocatedo the Arabiancoast.Thosebuilderscould be foundin
the areafrom the North of Kuwait to the southof Dubai. However,technicalknowledge
was widely spread betweenthe community, and individuals started building and
maintainingtheir own housesUsually,atthetime, the wealthypeople'shousesverebuilt
usingBannaswhich hadseverapeopleworking underthem(labour),yet the lower-class
peoplebuilt their own housedy themselvegHawker2008) The materialsthat Al Banna
usedin the Arabian Gulf were from the ambientenvironment.The major materialsare
masonrystone plasterwood,andpalmfronds Thematerialghatareusedin constructing
thevernaculabuildingwallsarecoral,stoneandmudbrick. Usually,wallsweredecorated
with alayerof gypsumplaster.Moreover,roofs wereconstructedusinghorizontalbeams
of palmtrunksor mangrovetrunks On top of the trunksa Woven palm leaf matsanda
final layer of masonry.However,during the seatrading periodthat was occurringat the
time betweenthe Arabian Gulf countriesand India, Iran, and Germany,the Sailors
importedwith themsomebuilding materialsthatwereknownasimportedmaterials(Alp,

1990).
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Figure 213 Aqil bin Mohammad Al Banna the last of seven generations of builders. 2
ancestors migrated from Bastak in Iran to Dubai in the Arabian Gulf, and they used t
homes using mud brick (Hawker 2008)

2.3.1- Mud Brick

Sinceit is cheapand has a thermal insulation characteristicmudbrick was the most
commonmaterialusedin constructingvalls atthetime. It wasknownbetweertheBannas
by thenameof (Libin). TheLibin usuallyconsistf a clay mixturewith chaffthatactsas
a binding agentand soil or sandto reduceshrinkageand crack in the drying process
(Hawker2008) After castingthe mud bricksin moulds,it waskeptin the sununtil they

driedandbecamesoldwith high compressivandtensilestrength(M.R. Sudhir,2020).

Figure 214 This picture was captured
Kuwait at Failaka island in 1940. T
picture shown Kuwaiti bannasaking
mud bricks then they keep it dry by
sun014p.xmb
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2.3.2 Coral Stone

Usually,the stonesusedin building constructiorarecoral,lime, andmountainstone.The
coralstone(seastone)wasthe mostexpensiveandpreferredstonealongwith thecostdue
to its thermalcharacteristicsThereweretwo typesof stonehouseswinter and summer
stonehousesThewinter stonehouses usuallymadeof stonecoveredwith mudplasterto
chink up holesthatmightallow the cool winterwindsinto theinterior spacesOnthe other
hand, summerstonehouseswere madewith larger holes betweenstonesto maximise
airflow andcool winds (Hawker, 2008).Airflow canlower building interior temperatures
by convectively cooling the areaswhile contributingto good indoor air quality. The
concepis basednanair exchangevith theoutside whichis oftendrivenby pressureand

temperatureariations(Friess,2017).

Figure 215here we can see the coral stone walls. In the right picture, the wall is cons
two coral stone layers. (Wadi hayl in Fujairah) (Hawker 2008).
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Figure 2.16 In this winter house any spaces Figure 2.13In this summer housspaces
between stones were chinkedwiph a mud fill between stones were large to allow the cool v
(Hawker 2008). air flow (Hawker 2008).
2.3.3 Plaster

At the beginningof the 19th century(1901),the plasterin the ArabianPeninsulausually
camefrom two fundamentatypes.Thefirst typewasbeachplaster(JussAl-Bahar),made
from mixing coralstoneandshells.(JussAl-Bahar)wasuncommorbecauséhe coralwas
expensiveand hardto get from the sea.The other commontype was limestoneplaster
(just),andthemainingredientwasalluvial imestone This secondypewasmorecomplex
to make becausdt neededcooking for a long time to reachacceptablestrength. The
mixture's strengthincreaseswith an increasein the fine limestoneaggregatewith a
relatively small increasein compressivehan sand,making the mortar strongand more
durable(M. Shivakumar2020).0n top of that, limestoneplasterneedso be mixedwith

wood ashto havethe maximumpoundingbetweenthe mixture ingredients.Therewasa
third strongtypethatwasassociatedvith OmanivernaculamarchitectureA plastercalled
(Sarooj)wasmadefrom red clay mixed with manureandwaterto makea thick paste.In

fact, (Sarooj)wasbetterthan(Juss)dueto its low thermalconductivity,andit keepsthe

interior surfacecool to the touch. (Sarooj)was importedfrom the Persiantravelerand
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foundin someof Dubai'straditionalbuildings(Hawker2008) Altogether,Limestoneand

shell lime as an admixture have benefitsin reducingdrying shrinkage,lowering the

porosity,quickercarbonatiorrate,andhigherworkability (M. Shivakumar2020).

Figure 218 Spectacular plaster work, the Seyyadi house in Muharrag Bahrain. We can see the r¢
corner plaster work and the complex window screen (Hawker 2008).

Y e

Figure 219 Pieces of plaster molding lie in the interior courtyard of Zaabi winter house in Jazira
Hamra in UAE. The zigzag pattern was made using wooden template (Hawker 2008).
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2.3.4 PalmTrunk

Date palm treesare amongthe oldestplantsin the Palmaefamily. Accordingto reports,
the productionof datepalmfruits is expandingrapidly overthe globe,demonstratinghe
tree'svalue.Thenumberof datepalmtreesin ArabianGulf nationsis expectedo bemore
than 100 million as the governmentpromotesthe palm sectorand improves societal
acceptability Thedatepalmtreemayhavegeneratedruits for overacentury It contributes
to theproductionof rawmaterialdor variousindustriesandprovidesthenationaleconomy
of manynations(Alothman,2020)However,In the ArabianGulf traditionalbuildings,we

can usually see the wood elementin the loadbearing beams,doors, windows, and
decorationsIn the beginning,individuals startedbuilding their own homesusing palm

trunks. It hasmany disadvantageOne of them is that palm trunks are subjectedto a

differenttype of Parasitegndinsectinfestationghateatthetrunk andmakeit very weak.

Thus,individualsstartedto think aboutotherwood types.Therefore theyimportedwood

from India, specifically from Zanzibarand Africa. For instance Omaniwoodwork used
Indian teak and candlewood African teak,and a rangeof African andIndian rosewood.
Moreover,in Kuwait andBahrain,we canseethe mangrovebeamsamportedfrom Indiaas
supportin theb u i | doofmHp@ever,local treesin the Arabian Peninsulavere used
stronglyin vernacularbuilding constructionFor instancejn SaudiArabia, they utilized

tamarisktrees(Athel) for doors,windows,andlslamicdecorationFurthermorein Dubai,

theyusedthe (Al-Sidr) treesto supporttheroof (Hawker2008)
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Figure 2.20 A roof supported by palm Figure21 A large door was imported Indi
trunks in AkJhra fort in Kuwait2 0 1 4 wm B well known for its carving industries. Th
door in Oman

Figure 222 This piece of trunk a part of tree known asSMir tree usually, they u
it to support the roof. The location of this trunk in Wadi shdRasAlkamah-UAE.
(Hawker 2008)
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2.3.5 PalmFrond

TheArabianGulf is knownfor theabundancef palmtreeswhich providemanybuilding
materialssuchaswovenmat (Hasir), madeusingwoven palmtreeleaves.Usually, they
use(Hasir)to supportthe roof abovethe mangrovebeamsThe palmtree'smostcommon
materialsarethe (Areesh) which arepalmfrond stemgied togetheito form amatthatwas
fixed to a palm tree trunk frameworkto makea standardwall. During the 19th century,
wealthyindividuals usually built their homesusing stone,mud bricks, andcoral. On the
otherhand,peoplewith low incomesusuallybuild their homesusingpalm fronds which
is cheaperthan other building materials(Hawker 2008) In fact, Palmtree fronds were
utilized in a building thatwas prototypedfor a low-costandenergyefficient homesince

theyareweightandeasyto construct(Azim,1997).

Figure 223 Here you can see the palm tree woven leaves (Hasir) is us
the roof construction to hold the wood plates. (Hawker 2008)

i3,

e .

Figure2.24A builr |smak|g (ree) house uging palm frafhorahim,2020)
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2 4- Remarks

Like how our ancestorsnanagedo live in the Arabian Gulf's harshclimate we should

designour homesin harmonywith the ambientenvironmentand climatic changeby

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

environments Integrating vernacular architectural methods into the design and

constructionof Net Zero EnergyHomescould benefitthe innovationof energyefficient,

sustainableandculturally rich buildings By adaptingclimateresponsivelesign,utilising

localmaterialsandimplementingancientpassivaechniquesNZEH couldattainenhanced

energy efficiency and sustainability Table 2.1 below reflects the study remarkson

informing theresearcltapproach.

Table2. 1 Summarise® u r

have been reflected to inform the research methodology.

ancest or émwironurerdaphediomenormnd thee mnemarks that

environmental
phenomena

InvestigationsRemarks

Reflection toinform the research
methodology

1 | StackEffect

stack effect is a fascinating phenomenon

operates based on the difference in temperg
and density between the external and inte
space areas. When the temperature outsic
higher than inside, the air density outs
decreases, causing the ligh air around the
tower to descend into the shaft. This creatg
continuous flow of air, everwithout wind,

making the stack effect a reliable method
maintaining a comfortable indoor environme
Typically, the significant areas of the home

posiioned underneath the wind catcher to t
advantage of the stack effect.

Our ancestors usually utilised t
stack effect phenomenon by usi
essential factors. There must b¢
container to preserve the cool
and a designated area to focus
circulated air. Also, the win
catcherds open
adjusted by woodenplates to
control the air between winter ar
summer. Those factors must
comprehended when designing t
approach for the NZEH.

On hot days, the giant walls reduce the tran
of heat from the outside to the inside. On col

Thicker adobe walls can be used
traditional ways to exploit thermg
mass in modern construction. T

environments, primarily due to high humidit

Thermal nights, some of the heat held in the walls .

2 . o . NZEH approach can use thick

Mass released into the interior rooms via thern -
) . walls to test the ability to say
mass phenomena, which triggers our actuat ener by increasing the wa
. q

use the mudbricksadobe walls. \ergy by 9

thickness.
Optimal air velocity is crucial for maintainin Using wind scoops is an intellige
Cross :

3 Ventilation thermal comfort in hot and humi way to make the home breath

especially when humidity require
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Natural air circulation is dependent on inher
propulsive forces. These powers are either
stack effect, produced by temperat
variations, or the crosswind effect, genera
by changes in air pressure. One example g
application is wind scoopsften positioned in
walls as vents that may cool the interior spa
by cross ventilation.

high ventilation and air velocity
Also, in testing the NZEH
performance, the energ
simulation program must have t
ability to test the heat loss th
occurs from the utilization o
crossventilation.

The Swing
in Temp.
Between

Day &Night

Diurnal temperature variation often occurs
dry regions. The chilly night air descends o
the property's central courtyard, creating
refreshing oasis of coolness. The trang
atmosphere of the lake is retained inside
courtyard's ground and wallsntil the late
morning of the next day, creating a favoura
environment for sitting and savouring the eg
morning hours.

The temperature swings betwe
day and night in the Arabian Gu
region can usually reach 15°
The NZEH design approach can
informed by creating a courtya
to store the cool night air. As in tf
wind catcher, it is better t
preserve the cool air byeating a
container such as a tree or a t
structure membrane.

Underground
Temperature

Earth's highdensity results in a slo
temperature change, referred to as 'thermal
Hence, the Earth maintains a consist
temperature in the basement area, regardle
the large fluctuations in external temperaty
The basement is often populatearound
midday during the summer due to its low
temperature than the surface.

Due to Earth's stable temperatt
in the basement, incorporatis
lower areabelow ground level ir
the design approach is feasib
These places may be used
midday when the temperature
elevated. Alternatively, it s
feasible to construct the courtya
below ground level

6 Shade

Our predecessors used variomethods of
shadow application, such as strategic:
constructing the passageways between ho
to maximize shade coveragilso, shade thg
windows with operable wooden platem
addition, the presence of palm palms in
courtyard provides shade and enhances

overall thermal mass of the ground and wal

In designing the NZEH approac
itds reasonabl
as a feasible EEMs. Windows ¢
be equipped with a shadir
devices to minimize the solar he
gain. Also the NZEH courtyar
can be shade with trees.

Below are (Tables 2.2 and 2.3) summariesof the passive cooling techniquesand

constructionmaterials, which were matchedwith their environmentalcharacteristics,

advantagesanddisadvantageandwill be utilised by combiningthemwith anNZEH in

thisresearclprototype Moreover,from a broadperspectiveFigure2.25showsatimeline

describingthe Arabian Gulf eastcoastconstructionand materialdevelopmenbetween

(1800and1950)from using(Areech)housedo concreteblocks
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Table 2.2 Summary of the passive cooling Techniques which were matched with their environchentakteristics

il

1-Wind Tower

2-Massive Wall

3-Courtyard

Passive cooling Techniques

Technique Description

Advantages

Disvanteges

collect the prevailing
summer wind by its opening
then guide the air down and
circulate it through the
building.

HN A K

Increasing air ventilation.

Works even with the absence of wind.

Collecting wind from all directions.
Focused on the designated desirable
area.

Large openings cumulate dust
inside the area.

Tower discharger serves only one
designated container.

Using adobe walls made of
mud bricks or coral stone in
order to utilize the thermal
mass characteristic.

LT SN

has high thermal capacity.

Has a low heat conductivity.
Absorb the heat during the day and
radiate it at night.

cannot be laid when it is raining
heavily or when temperatures fall
below freezing.

Massive wall thickness consumes
space from the designed area.

Private cool area that opens | v/
to the sky usually it
surrounded by house rooms | v/
and locate in the central of
the house. v

helps ventilation and filters dust and
noise.

The ground and envelop work as a
massive wall.

Provides rooms with daylight.

Hard to maintain during sandstorm
seasons.

During the day. must provide
shading element.

Sunken niche on the external
wall creates a wind scoops
which make the air
penetrates through the 7

building rooms.

Encourage air ventilation inside the
room.

Provide privacy more than windows.
Easy to control during winter.

Usually. the niche is blocked by
bards' nests.

Doesn't provide any view.
Limited sunlight access

a semi-open space (Arcade)
which has access to the

creating thermal comfort conditions
in adjacent indoor spaces.

Can't control at cold night
It’s hard to control during

7- Basement

underground level with a
ceiling raised by a minimal | v/
tolerance above the ground.

to get into the space.
Underground temperature is cooler
than above ground.

v ki =

courtyard from one side. ficking Wic'spacesand t aking sandstorm seasons.
advantage of the sky view.
%inlferwtlle clomdor§ v ];u'eizt the wind breeze inside the +  Limited privacy for houses.
6-Narrow Wi, 'de't eenh;mvlses m . 1st11<(:it T — *  Maximize flood possibility.
Allevway OICERI0ACHIENE P““‘f Easliafe 0 i ESrIEnS, * Limited automobile accessibly.

environmental benefits. v/ Maximize land use .

& A Spacelocated v’ Allows natural light and fresh breeze Difficult to control in the flood

seasons.
Its hard to construct especially
near the coastal areas .

Table 23 summary of theonstruction materials matched with their own physical characteristics

Construction materials

Technique Description

Advantages

Disvanteges

v

1-Mud Brick

2-Coral Stone

3-Plaster

<,]
]

e

4-Palm Trunk

e
= oy
-

'l

5- Palm Frond

clay mixture with a chaff which

: R v/ Affordable and cheap material. labor-intensive.
acting as a binding agent and ! ) s el )
: % 7 v' Easily manufactured and worked. low compressive strength.
soil or sand in order to reduce . ) . .
S v’ Has high thermal capacity. Required annual maintenance.
shrinkage.
v' Light weight stone easy to handle. Expansivend had o geefom
A sea stone that usually found = < 1 the sea.
v’ Has a low heat conductivity. :
near costal areas . J T bigh-thermmal capacty Usually, it needs double layer
= P - in order to be affective.
limestone plaster (Juss) and the | v/ low thermal conductivity.
main ingredient is the alluvial | v* keeps the interior surface coolto needs cooking for a long time
limestone which mixed with the touch. in order to reach the acceptable
wood ash in order to have the | v fill up any holes in the masonry strength.
maximum pounding. structure.
. subjected to deferent type of
v X ¥ S 3 ;i :
Usually, palm trunks were used A.ff01 FALE A0 FlS s coupRaER Parasites and insect infestations
- with the mangrove beams. :
as structural beams in order to ¥ P ——— i co il Has a low compressive
ight weight and easy to handle.
hold the roof. gl = Y strength.
sl o male (asesty hiovses Light Ywexght mat?ual that suite Needs.amu}al fnamtenan.c.e.
that wehilized 95:asummes-honse the harsh summer. Not preferred in heavy rain
" | v/ Affordable and Easy to construct. sessions.
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palm frond shelters

The most common product from the
palm tree is the (areesh), which is a
palm frond stems tied together to form
a mat that is fixed to a palm tree trunk
framework to make a standard wall.

1800

Tents

Tents were the most common shelter |

in the 18th century. Tents were built
using animal products such as animal
leathers and wools. Since individuals
traveling for water resources, tents
were the optimum choice for them
because they are easy to install.
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Most of the buildings were built of sea stone
(coral and a shell conglomerate). Coral stone
was the only available stone in this coastal \ v
desert environment. Usually, to have a
massive, cohesive wall, the coral stone is
mixed with sand-lime mortars and rendered
internally with gypsum plaster.

Pearl hunting industry

Pearl hunting was the most important career
that provides a source of living for the
Arabian Gulf nation. Before oil discovery,
pearl hunting was the primary and vital
industry between the periods of (1850-
1948). The Arabian Gulf pearl was the purest
globally, and the GCC countries were
exported it to India.

1900

Importing materials
J

Coral stone houses

1850

Since it is cheap and has a thermal insulation
characteristic, the mud-brick was the most
common material used in constructing walls at the |
time. It is known between the bannas by the
name of (Libin). The Libin usually consists of a clay
mixture with chaff acting as a binding agent and
soil or sand to reduce shrinkage and cracking in
the drying process. After casting the mud bricks in
molds, it is kept in the sun until it dry and

The second significant development has
been the discovery of vast reserves of
oil in the 1930s. Its production brought
great wealth to all countries of the
region, reflecting on the construction
industry. Nowadays, the majority of
construction materials are coming from
oil products.

The Oil discovery

1950

After the second development in the
Arabian Gulf, most building

construction materials are coming
from oil products. Moreover, houses
were built using concrete blocks
instead of coral stone and mud bricks.
Furthermore, roofs were made using
concrete slabs cast in the site instead
of palm trunks.

After the Pearl hunting industry, individuals
started to think about other types of wood,
so they imported wood from India, -
specifically from Zanzibar and Africa. For
instance, Omani woodwork used Indian teak &
and candlewood, African teak, and rang of
African and Indian rosewood. Moreover, in
Kuwait and Bahrain, we can see the
mangrove beams imported from India to
support the building’s roof.

becomes sold with high strength.

Concrete blocks

Mud bricks houses

Figure 225 A timeline describing the Arabian Gulf east coast construction and material development petvea® p 0



2.5- Summary

The architector masterbuilder (Banna)hasalwayshad many naturalwaysto offer the
usersadequateclimatic comfort despitethe harshdesertregion conditions.The ancient
builder hasutilised many environmentaphenomenahroughobservatiorand perception
by utilising the surroundingenvironment Suchas (Stack Effect) throughwind-catchers,
(ThermalMass)in the useof massivewalls, (CrossVentilation) throughWind Scoops,
(UndergroundTemperature)n the useof the basementand(The Swingin Temperature
BetweenDay and Night) throughcourtyards.Likewise, by understandinghe material's
physicalcharacteristicghe ancientbuilderhasdecidedwhich materialsto usein summer
or winter. For instance coral stoneis preferredto usein the summerbecauset hasalow
thermalconductivitydueto its high porosity.Converselymudbricksareusedn thewinter
to utilize theirhighthermalcapacity Neverthelesdpcally availableconstructiommaterials
werewidespreadintil thelndustrialRevolution whichmarkedheincreasediseof modern
techniquesand standardisedbuilding materials.Modern architecturehasgiven rise to a
universalarchitecturehatlooksalike andis highly dependenbn energyconsumptionThe
lessonswe aregiven by traditionalandvernaculararchitecturan the harshconditionsof
desertshot-arid-humid zonesmakeus respectour ancestorsimaginationand creativity.
Nowadaysthe modernbuilder hasmimickedandevokedsomemoderntechnologiesand
measure$y following our ancestor'ancientmethods sud asinsulation,glazing finish
materials,and a wide variety of shadingdevicesto improve climatic comfortin internal
and semtinternal building surroundings.Architects can attain climatic comfort by

skillfully manipulatingarchitecturadesignparametersndusingnatureabundantly
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CHAPTER 3

Energy Efficient MeasureandThe Concept of NeZero-Energy
Homes (NZEHs)n Hot-Humid Climate

3.1- Introduction

In contrast with how our ancestangeractedvith their environment in harmongsviewed

in chapter twpespecially in designing their shelters, most buildings in the Gulf Region are
designed with no response to the local climate. Preferably, they rely on active systems to
surmount the impact of uncomfortable climatic conditions, making them notable
contributors to high energy consumption and carbon emissions. Therefore, much of the
obligationto reducebuildings' environmental impact relies on architects, developers, and
engineers. Building construction should be responsive and adaptive to local climatic
conditions and ambient environment as our ancestor way of design. Architects and
developers should considatilising passive cooling techniques and energy efficiency
measures in their design, which can reduce the emarggiedfor cooling, heating, and
lighting to a figure close to zero as the building becomes an energy ger{etatos,
2002Hawker, 2008 A thorough analysis of the improvement of eneegffjcient
measures in residential buildings was conducted by De Boeck et al. (2015). The study
analysed/8 scholarly articles on energy efficiency in residential buildings across various
regions worldwide. De Boeck et al. identified five areas of improvement for houses based

on their evaluation in this study: the building's exterior, heating/cooling ardatien
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systems, glazing and shading systems, and other appliances and hghtsute to NZEH
starts with improving building construction and design quality to decrease energy
consumption, whicldependson implementingspecificenergy efficiency measures that
benefit all building typesGabeza et gl2020). This chapter will demonstrate soateMs

used in hot and humiehvironmentsand the concept of NZEHS in general.

3.2- Appropriate Energy Efficient MeasurésSEMSs)

Based on the principle of sustainability, the use of natural resources should be done in a
manner that ensures their availability for future generatidiost choices in the building
design process are made at the initial design phase. This implies that buildings should be
planned and managed throughout their lifespan in a way that minimises energy use. The
design phase offers the best chance to achievepafiirmance structures. An excellent
approach to minimising home energy consumption involves degjgtiie building
envelope with Energy Efficiency Measures (EEMs). This results in decreased energy usage
for cooling purposes. An efficient building envelope may enhance the comfort and well
being of inhabitants while decreasing the energy used for camtiddighting(Cabeza et

al., 2020) This section outlines the applicable Energy Efficiency Measures (EEMs) for the
Arabian Gulf region, specifically designed to address the hot and humid environment

prevalent in the area.

3.21- Building Shape andrientation
During the early phase of an architectural project, decisionmade on the structure's
core designo reducéheat gain in the summer and heat loss in the w{kethscan2011).

These configurations are crucifdr the geometryyearly cooling energy need8y
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strategically arrangingbuildingform, shape, and orientatiémsuit the local environment,
including optimising fenestration arrangement,cén significantly impact the yearly
energy consumption, with potential reductions of up to 60% (Wiley & Sons, 2009). The
north elevation is often shaded and does not need specific measures to prevent direct Sun
exposure. Rooms witlnore significaninternal heat generation may be positioned on the
northern side of thbuilding, where passive cooling is possible (Kristiansen et al., 2019).
Exposure to sunlight causes an increase in temperature on the exterior surface, leading to
a higher demantbr cooling systms.A building's architectural configuration determines

the extent of its exposed surface area, which directly imptcthermal efficiency

(Pacheco et al., 2012).

3.2.2- Wall and Roof Insulation

Building insulationis crucial for achieving thermal comfort for residents during cold
winters and hot summers. Insulation mitigates undesired thermal transfer, hence reducing
heat loss or gain andinimisingthe energy requirements of heating and cooling systems.
Thermal insulation in walls and roofs reduces thecairditioning system's required
capacity, decreasing the annual energy consumpti@neover, it aids in extending the
duration of thermal comfort without depending on mechanical air condigofiiime roof

is responsible for 60% of heat transportation, according to Soubdhan T et al. (2005).
Enhanced insulation in buildingscreasegnergy efficiency, resulting imore significant
energy savings and reduced energy expenses. This has a positive impact on the
environment by reducing CO2 emissions. Variausulation materials may be used to
install a new roof or upgraden oldbuilding. The roof and wall insulatiois a barrier to

preventheat transfefrom the outside to the building during the hot mor{#ge Lu et al,
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2015). According to the study, energy savings may range from 22% to 79% when the
insulation thickness is between 2 and 17 cm (Bolattlrk, 2006). Howeaeng a thicker
outside wall construction is not economically feasil@éll, the longterm decrease in
running expenses linked to thdsemesoffers economic and environmental benefite
amount of heat passed through a material is governed by its level of thermal insulation.
The outcomelepends oseveral factorsdensity temperature, wateapout and porosity.

As to the SBC (2018), the minimum\Rilues for insulation in aiconditioned houses are

5 m2 R w for roofs and 2.92 m2 kw for walls. The time lag is a crucial characteristic for
assessing the heat storage capacity of any material. The time lag oefeesperiod
required for the heatwave to move from the outside surface to the interior surface (Hasan

H, 1998).

3.2.3 Window Shadingand Glazingl'ype

The design of the external windows, particularly the glass, is a crucial aspect that designers
prioritisewhen creating Net Zero Energy Homes (NZEHS) in hot regicargie windows
areprevalentin contemporary householdeading to a significartteat transmission rate
Simultaneously, windows enable the entry of natural light inboikding, thusreducing

the reliance on artificial lighting and fulfillingomeof the lighting requirements in indoor
areas (Askar et al., 2001). The transfer of heat from the surrounding environment into the
interior areas of a building via a window is the cause of increased energy usage.
Approximately 4560% of the cooling load im building is caused by heat entering via
windows when windows make up -30% of the wall area. As to the SBC (2018), the
glazing on walls should not exceed 25% of the total area, the infiltration rate in windows

shall not go over 1.5 L/s, and the Solagat Gain Coefficient (SHGC) should fall within
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the range of 0.25 to 0.35. The performance of windows depends on the optical and thermal
properties of the glazing, such asvblue, solar heat gain coefficient (SHGC), and visual
transmittance (Lee et al, 2013). Oliveira Panao et al. researchers agsgouthie glazing

is a very significant energyaving solution and recommend a thickness of 6/16/6mm,
based on Wralues. Ultimately, the researchers deliberated on the appropriate energy
consumption threshold for a nearly Zdfaergy Building. They determéd that the energy
demand is heavily influenced by the chopemaryenergy indicator, as stated by Oliveira
Panao et al. (2013), and this might vary significantly across different nations. The North,
especially in the Gulf zone, provides a scattered, less intensively heated light from the sun.
Alternatively, divide the sath-facing windows intoviews equipped with solar shade to
exclude excessive sunlight and daylight windows designed to direct sunlight onto the
canopy. Daylight windows should be positeal at a higher level on the wadl channel

light upwards and minimise glare effectiveljjo provide enough winter heating, it is
advisable to have windowsicing south andh high Solar Heat Gain Coefficient. The
eastern, western, and southern facades shaydresponsive sun shading mechanisms.
External shade components reducettbat absorbed during the summagcreasinghe

overall energy consumption of HVAC systems throughout the year (Lechner, 2014).
Persson et al. (2006) assert that alteringatimelows' dimensions significantly influences
energy consumption. Specifically, lowering the size of windows facing south and enlarging
those facing north impacts energy consumption and the maximum energy load necessary

to maintain a comfortable interior temperature.
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Figure 3. 3This picture was takeby the author for the Keighton Auditorium facade at the Univer
of Nottingham on the 12 of March 2021 a22pmthe shading devicéall to protect the window's
lower part, which is considered as undeing in the design process.

3.24- Natural Ventilation

A natural ventilation approach may help solsecessmoisture in hot and humid areas
while alsosignificantlyreducing the HVAC system's yearly energy consumption, which is
essentiabn thepathto NZEBs (Sudhakar, 201%ligh air velocity is essenti&ébr thermal

comfort due to humidity in hot and humid conditiomatural air circulation relies on
natural propelling forces. These powers are either the stack effect, caused by temperature
differences, or the crosswind effect, caused by changes in air reréssistiansen and

Wang, 2019). Wind and stack driving forces playeasentiapart in air circulation. Wind

cross ventilation introduces air intdailding by pressure variations between its inlets and

exits. When the Wind reaches the building's windward face, where-plagbure positive
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region starts this strain drives air inside and across the structure. Consequently, an
unfavourable pressure zone forms on the downwind sides. This results in air transfer from
the highefpressure region to the lowpressure area, a phenomenon known as the wind
effect. TheStack effect, buoyanemduced ventilation, results from vibrations between
inside and outside air temperatures. Because warmer air has a low density owing to density
layers, it rises to exit thieuilding via hightlevel fenestrationsin contrastcooler outside

air, which has a greater density, replaces it through building inlets or infiltration. Stack
effect phenomena are determined by the stack height and temperature differential, which
impactair densityand act as a driving force (Bhamare et al, 2019). Thus, combining them
is a valuable approach for improving thermal comfort. It is critical to prevent any
potentially harmful consequences of this combination. For example, when they push

airflow in opposing directions (cabeza et al2@)

stackeffect Wind effect Mechanical

Figure 3. 4 Typesf pressure that cause air infiltration/exfiltration (stack pressure, wind pressur
pressure) (Anas AHomsi et al, 2017)
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Figure 3.5 Airflow movements and pressure distributiondMma o giusly about HRR buildings. The
is no restriction to vertical (floaio floor) air circulation through the building interior (Mao, 2015).

3.2571 Daylighting

Natural lighting isessentialwhen designing an NZEH due to its impact on energy
conservation and health advantagés. the initial design stagereducing daylight
advantages and redirecting to artificial light reliance can increase buildings' annual energy
consumption(Li & Lam, 2001) Artificial lighting systems are announced ¢onsume
around 25% of the total electricity used in commercial buildif®jeeker NC, 1993).
Therefore, the designer should focus more on engaging reasonable daylighting amounts
the building andeducingreliance on artificial light. The daylight amouprbfoundly relies

on theelevationadjustmentthe fenestrationproportionsand position, and the building
envelope'snvironmentalight transmissiorproperties{(Hausladen, et al., 2008). Natural
light reaches oub u i | dspageg sndwo primary forms: direct sunlight that arrives
entirely from the sun in guresky and diffuses light from the skyjstributeddue to
condensation or particles in the air. Direct sunlight generally leads to signditzmations

in luminance andimmediate glare However, heat gain through windows can be
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problematicsince light and heaare twosides of the same coirspreaddaylight is
significantly lower in heat gain thadirect light. Therefore it is favouredfor thermal
comfort, yet it can only be targeted over small spaces and dgivesluminance.
Environmentalaspectssuch as solar altitude and sklearnessaffect the illuminance,
colour, brightness, and daylightnount(Szokolay, 2008Many studies havenformedthe
benefits of naturabayighting. A study on using the Ideal Window Area concept in

combination with daylight integration to estimate #meergysavingpotential The data

K 2:1 1.5:1 1:1 I:1.5 1:2

N E S W N E S W N E S W N E S w N E S W

060 41.0 258 224 172 410 242 235 125 271 2710 179 119 269 294 160 109 283 245 173 108
080 433 27.7 233 156 440 298 224 165 305 293 212 107 296 296 160 113 30.7 239 160 109
1.00 4l.6 282 251 168 427 292 233 159 333 289 193 119 316 289 163 129 322 248 150 120
1.25 437 251 220 153 424 292 216 140 353 278 192 135 332 285 166 125 330 250 167 112
1.50 439 251 2211 161 435 266 197 141 371 277 184 139 353 280 17.1 126 330 243 161 111
200 432 250 200 161 414 283 191 148 370 254 265 133 336 262 168 132 309 235 150 109
250 409 236 182 157 380 261 17.0 138 361 241 167 133 323 247 156 114 280 223 141 115
3.00 390 223 159 141 354 247 154 126 341 225 157 122 295 228 1il 78 263 214 140 110
4.00 356 207 142 132 319 235 13.6 114 299 214 141 126 260 209 151 118 225 192 133 109
500 318 191 139 119 286 223 122 122 268 197 137 124 240 187 145 115 205 168 124 108

Figure 3.6 Potential for energgavings (%) on artificial lighting when using the Ideal Window A
concept combined with an outdoor illuminance of 5000 lux (Ghisi et al, 2005).

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

heat gains, leading to savings on artificial lighting (Géisal, 2005).

3.2.617 Wall and Roof Reflectance

Wall coverings thatanreflect solar radiation and release heat may lower the surface
temperatures of building exteriongducingthe amount of energy needed for cooling.
When exposed to the surrounding ditings' solar reflectance and thermal emittance
significantly impact their temperatur8olar Reflectance is the proportion of solar energy
reflected by a surface, either as a numerical value ranging from 0 to 1 or as a percentage.
As the value increases, the surface reflects solar rays more effectivermal emittance

refers to the amount of heat object receives and releaskss expressed as a numerical
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value ranging from 0 to 1 or as a percentage. The higher the rating, the more efficiently the
roof releases heat. Another indication exists that quantifies the surface's ability to withstand
solar heat. Fomostconstruction uses, the thermal emittance of a surface is typically higher
than 0.80.85, except for metallic components like aluminium shingles. The thermal
emittance of a roof or wall component is primarily influenced by the characteristics of the
layerwhen it is subjected to solar radiation (Rokni et al., 2017). The Solar Reflectance
Index (SRI) quantifies a surface's ability to repel solar heat and is determined by the
combined values of reflectivity and emittanc&tandardblack is characterisedby a
reflectance of 0.05 and an emittance of 0.90, whereas a typical white has a reflectance of
0.80 and an emittance of 0.90, resulting in a value of A@0ording to Zinzi (2016),
increasing the solar reflectance of the walls of a residential building in the Mediterranean
climate by 0.1 may lead to energy savings of up to 2.9 k\Whand a drop in interior

temperature of 1.1 °C for buildings that are nofcainditioned.

3.2.7T1 HVAC system efficiency

Heating, ventilation, and air conditioning (HVAC) systems are among the most energy
intensive components of buildings (Vahid Vakiloroaya et al., 2014). To measure energy
efficiency, a collection of indicators must be defined, evaluated, and examine& ¢reis
Lombard et al, 2012). The Coefficient of Performance (COP) represents the energy
efficiency of a single heat pump and is defined as the ratio of heating and electric power
numbers. Similarly, at the cooling stage, the Energy Efficiency Ratio (EEiR¥ined as

the ratio of cooling capacity to electrical power input. Climate factors influence both the
COP and the EER. For example, the EER drops when the inside temperature is lower than

the external temperature. HVAC system operating hours are aftexlided at seasonal
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intervals. For example, during the cooling season, these circumstances account for just a
few hours of usage. Similarly, the heat pufapctionsat half loadJoweringthe external

air temperatureTwo seasonal performance indicators have been created to assess HVAC
system efficiencythey incorporate numerous test circumstances with varying cooling
loads and external temperatures. $kasonal coefficient of performance (SCOP) is used
during the heating stage, and the seasonal energy efficiency ratio \8E&$sedwhen

cooling. They represent the ratio of seasonal cooling demands to seasonal power usage
(KUNDOC, 2011). HVAC labelling is a widely established regulation aimed at improving
HVAC system efficiency. The Saudi Standards, Metrology, and Quality Organisation
(SASO) has issued new Energy Efficiency Labelling rules for electrical and electronic

equipment.

Before entering the Saudi market, manufacturers and importers must g¢hattbeir
products fit the new regulations. In 2014, the Saudi Customs Authority sets&audkrd
standards for energy label requirements and minimum energy efficiency constraints for air
conditioners. Customs officials said the infringing air conditioners would not be imported
as of that date, and the Ministry of Trade and Industry wouldpeomit their sale
(albawabah, 2013). According to the Saudi Energy Efficiency Centre, recommended air

conditioners have an EER of 13 or above.

3.2.81 Thermostat Setback.
Theprimarypurpose of a home thermostat is to regulate the operation of domestic heating,
ventilation, and akconditioning (HVAC) systems. It emerged in the late 19th century to

meet the need for a more organised and automated way to adjust indoor air temperature.
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conventional thermostabaintainsan equilibrium between the current indoor temperature
and a desired temperature setpdintegulate the HVAC equipment's functionifien

Nakhi, 2002). Roughly 50% of residences in the United States remain unoccupied
throughout the day. Furthermore, 42% of homeowrtersl to lower the heating
temperature setpoint to preserve energy and decrease their electric costsvapifeom

home (Peffer et al., 2011). In their research, Meier et al. (2011) foundhtistusers,
nanely 90%, seldonthangedthe thermostat t@stablish a programme for holidays or
weekdays. The Saudi electric company has proposed adjusting the temperature to a
reasonable level of 25 degrees Celsmminimise the disparity between the ro@nd

target temperaturgSEC, 2014). According to Malinick (2012), users often suggest that
implementing a welblesigned thermostat programme may result in significant savings of

10% to 30% in their electricity expenditures.

3.2.9 Thermal Mass (Adobe Walls)

In chapter one, it was shown that our ancestors successfully adapted to the intricate
circumstances by using skills derived from their surroundings. Constructing large walls in
theirhomeswas one such strategy. The primary feature of the Adobe wall is its exceptional
thermal capacity, which enablegsdt absorb and emit heat efficienturing the drying
process, water evaporates off the material's surface, resultimepidossn the form of

latent heat. This causes a decrease in the surface tempeTdtartemperature difference
between the surface and the building layers causes heat to flow from the outside towards
the surface. Externally, the energy required to facilitate the drying process may be supplied
by both sun intensity and the temperatuifecknce between the surface and the

surrounding environment, resulting hieat penetratiotowards the surface. However, the
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heat conductivity of Adobe walls is an essential mefiteir moisture content significantly
influences the thermal conductivity efficiency of adobe brithk@ddition, the presence of
water in Adobe has latent heat effects, which alter both the material's ability to transmit
heat and its capacity to store heat (Parra, 200&jous researchvestigating the impact

of thermal mass on decreasing building energy use and interior tempéi@dsh®wn a
significant effect. In their investigation, Kuczyzmskd Staszczuk successfully decreased

the average internal temperature during the August heatwave by enhancing the thermal
mass of the two singlamily homes The temperature decreased by 2.8+0.34°C, with the
most significantdecrease occurring at thiay's peakreaching 3.4°C. Théuilding's
thermal mass's cooling effect remained consistent oveil4ftay heatwave, with just

slight daily fluctuations.

3.2.1017 Phase Change Materials

A hot-humid environment with regular diurnal temperatures throughout the year provides
a yeafround opportunity to use phase change materials (PCMs) for construction
applications. Phase change materials (PCMs) may harness the latent heat received or
emitted during their phase shift, allowing them to store thermal energy. This makes PCMs
an energyefficient solution. When integrated into buildings, Phase Change Materials
(PCMs) can absorb surplus heatreatinga more consistent and pleasant interior
temper&ure. Thereforegnergy saving may be achieved by reducing the anticipated heating
and cooling deman(Cao et al., 2019). Sevenasearchers havevestigatedisingphase
change materials (PCMs) to improve the interior environment of buildings and reduce
energy usage. By using phase change materials (PCM) on the inner surface of the building

envelope, a government educational facility was retrofite=ililting in a significant 11.7%
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reduction in summer energy consumption and a notable gain of 215 hours in summer
comfort, as shown in recent research conducted by Ascione et al. (2019). In addition, Sun
et al.obtainedan annual average energy conversion rate of up to 23.1% by incorporating
microencapsulated phase change material (PCM) on the walls of the building (Sun et al.,
2016). However, the fluctuation in temperature between day and night may restrict the
performance and efficiency of the Phase Change Materials (PCMsAI4i et al, 2020).
Thus,PCMSsmust exhibitconsistent fluctuationt® facilitate a daily cycle of melting and
freezing of PCMs (Khadiran et al., 2016Lhoosing the transition temperatures
meticulously is cruciato completethe whole thermal cycldn addition, the efficacy of
natural ventilation may beecognisedn high thermal mass structures. Thus, integrating
phase change materials (PCMs) with natural ventilation may effectively retain the
overnight coolnesand reduce the peak temperature the following &ajgf et al., 2019

Kubota et al., 2009).
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Figure 3.7 Phase Change Materials complete meHimmgzing cycle (thermtest, 2020)
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3.2117 Green Roof

Green roofs haveecently gained popularitgs an effective method for incorporating
vegetation into urban areas and structures. Recent technical advancements have
significantly improved the flexibility and efficiency of green roof construction, enabling

its integration into almost any project. Gemporary green roofs often have many levels.
These components, such as plants, filters, drainage elements, root barriers, insulation, and
waterproofing membranes, may be combined in green roofs to suit the individual climate
and requirements (K. Vijayarhgvan, 2016; Hashemi et al., 2015). Green roofs may be
classified into two categories, intense and extensive, depending on the thickness of the
substrate layers. Green roofth a thinsubstrate coverinlgss than 15 cm are classified

as extensive green roofs. When the substrate has a greater thickin@g$ (@) under
different circumstances, it is classified @s intense green raoMost research on the
impact of green roofs on lowering building energy consumgtisshown a negligible

effect comparetb other energiefficient strategies. According to Fantozzi etiaktalling

a green roof is not necessarily the most effective method to reduce energy consumption in
a building especially when using highly insulated clay tile as a roof finishing. The findings
indicated that the highesummer HVAC system use reductiaras 0.72 kWh/m2. In
addition, Fantozzi et al. state that the quantity of water present in the soil of green roofs
has been shown to have a substantial impact (Fantozzi et al., 20&Bir Istudy on the
evaluation and potential of green roofs and walls as a means of reducing extreme heat in
Qatar, Andric et al. found that using 5 cm expanded polystyrene in combination with
energyefficient windows was significantly more effective thamplementing green walls

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

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

— P \ , Drainage, Aeration, Water
=== Storage & Root Barrier

5 Waterproof Barrier

6 Roof/Structural Support

Figure 3.8 The green roof construction and layers component according 1
Insulation Corporation of America.

3.3- The DesignConcepiof (NZEHS)

Netzeraenergy houses (NZEHSs) hagained popularity in the construction industry as an
appealing approadb reducing building energy usage. The concept of assdficient and
energyautonomous systenfamousfor applications in harsh environments, has been
extended to residential structurezercenergy home' (ZEH) refers to residential structures
that use no net energy and emit no carbon dioxide (CO2). However, there is no widely
accepted definition of ZEHSs in the literature. Various definitions have been proposed, each
with its unique critda. For instance, Orben V. Esbensen (1977) described an experimental
zercenergy home in Denmartkat wasplanned to be seBufficient in terms of space
heating and howater consumption due to Denmark's steady climate. In a study ef zero

energy houses in the Netherlands, Gilijamse (1995) defined semergy house as one
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that does nattilise fossil fuels and whose annual electricity consumption equals its annual
electricity output. Khan (2004) presented a more extensive definition of the ZEH idea,
stating that a 'zero energy home' is a geometry that optimally integrates existing renewable
enggy technologies with eneregfficient building practices. Torcellini et al. (2006) define

a balanced household with significantly reduced energy demands through efficiency
balance by supplying energy needs with renewable technoldgieshe other hand,
NZEHs can be defined based on renewable energy generation sources. This definition
divides the NZEB into four types (A, B, C, D), driven by-site or offsite renewable
energy generation. This sorting system distinguishes type A astiwbuilding generates

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

hand, C&D uses offite renewable energy to purchase from other resources.

site boundary

site boundary

Typc A:  All renewable energy is available within the Type B: all renewable energy is generated within
building footprint the boundary of the building sitc

site boundary type D

site boundary
Type C:  off-site renewable energy (for example. wood Type D: Purchase the renewable energy which is
pellets, biodiesel. or ethanol) is used to generate energy generated off site

Figure3.9 Derived fromthe location of renewable energy generation, four types of N
are defined: A, B, C and [Pless & Torcellini, 2010).
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3.3.1- (NZEHSs) Design Components

It is generally agreed that in Zero Energy Homes (ZEHSs}sitdf renewable energy
production may be used if the-site renewable systems are ineffective or insufficient to
meet the energy needs. A crucial element of a Zero Energy Home (ZteH)ng energy

requirements beforienplementing any renewable energy solutio(seeFigure3.10).

Conventional

Code Compliances

Energy efficient

Net-Zero Ready

s = T
I
-30% | Net-Zero
l
}
|
Figure3.10 NZEHSs design steps, showing the energy +50% l
reduction percentage in each stage. (Maclay, 2014).
I
Renewable Energy

This reduction is met through coupling suitable sustainable design features and energy
efficiency measurefPless & Torcellini, 2010)From various studies, ZEBs involve two
main strategiesninimisingthe demand for energy use in buildings through EEMs (energy
efycient m atiis;ig REF's (eneveabled energyechnologies) to cover the
remaining energy needi.is preferred to begin with passive eneggving parameters
before consideringutilizing the active measures fromfeasible aspectThese energy

efficiency parameters should be seleddededon costeffectivenessconsidering design

factors | ike the houseds thy poase site shoudd,be a n d
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investigated at early design stages to determine the potential for renewatdyg and to

select the appropriate technologiésartori et al, 2012; Li, Yang, et al. 2013; Sudhakar,
2019 Cabeza et al, 20RMoreover, the efficient design of retro energy buildings
requires the application of some key concepts, which can include the integrated approach
to energy efficiency, passive design, renewables integration, the design of the building with
a realistc operation approach, and sadg@timisation which requires the optimal design of
building orientation to enable the maximum capture of solar energy (Athienitis & william

2015.).

In addition to the active and passive measures, Alkhateeb (2019) has mentioned one more
critical measureuserbehaviour As Picard (2020kt al. state intheir study, individual
consumptiorbehavioumplays a significant role in the robustnesa@NE home'senergy
performance the annual energy simulation results of a single Californian family ZNE
house showed a decrease of ZBpercentfor occupants with energy austerity behavior
and an increase of 12030 percent for occupants with energy reckless behavi@awise,
Thomas (2013)with his prediction model that he made by gathering amalyzingthe
energy consumption thof 20 ZNE housesver12 months, the research found that factors
such as tenant behaviguwdditional equipment, and mechanical concerns significantly
influenced individual energy consumption outcomes. It is essential to conduct extensive
public awareness campaigosducate folks about the nefed energy conservation. Taleb
(2009) discovered a correlation betwedack of information, risky behaviour, and
increasecenergy squandered and building cooling load. Mey Zero Energy Homes
(NZEHSs) have common design elements. These features includeiasuddited structure,

energyefficient lighting, advanced heating, ventilati@i, conditioning (HVAC) systems,
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andefficient household water heating equipment. The next step is developing a system for

generating electricityn the building.

In addition, using passive cooling and heating solutions will reduce the burden on the solar
panel system. For example, one design strategy is to orient the long axis of the house from
east to westo optimisethe exposure to the south. Additionally, shading devices on the
exterior and interior may effectively shade the southern windows. Another potential
strategy is to include thermal maissthe design, which can absorb heat and assist in
regulatingtemperature variations. When developing a Net Zero Energy Home (NZEH), a
key consideration is whether it is more eeffective toreduce the house's energy use or
increase ossite energy production. Anderson et al. explain the Jeast approach for
determining he most economically efficient combination of energy efficiency measures

and renewable energy output to reach azeed stage (Thomas, 2013).

3.3.2-Previous Work

There is a large body of published literature on NZEbgy relevant publications that can
benefit this research at the design stage of a typical NZEH for the selected case study have
been reviewed in this thesi$he considered publicationmovide a thorough basis for
constructing Net Zero Energy Homes, including valuable information on optimal
framework innovative technologyconomidactors, and code compliandée reason for
reviewing those publications to helpinform this research methodologyd structure the

wide prospective research approagtmongthese publications include the following:
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1 Casini2020

ReStart4Smart, a sustainable dwelling in Dubai, UAE dthseved a net positive energy

status, surpassing the UAE's highest known energy efficiency method by more than 100%.

With an Energy Use Intensity (EUI) of 43.9 kWh/iy2/the residence is a shining example

of the potential of ZEHs. The PV production system's Net Energy Use IndeI}ris

161 kWh/m2yr., meeting almost double the energy demands of the whole home under

normal

circumstances.

Moreover,

photovoltaic (PV) output exceeds the energy

consumption of heating, ventilation, and air conditioning (HVAC) by more than fourfold.

The analysis of officiamonitoring data revealed that the prototype is an ereffggient

house, producing more energy than it consu(eesFigure 3.11) This success story of

the ReStart4Smart project inspires optimism about the potential of ZEHs. (Casini, 2020).

Casini's research demonstrated thattA&'s surplus energy generated by residential solar

panelscanoffset any rise in human consumption, particularly dusimgpmemwhen HVAC

system use escalatese Figure 3.12 for tHeeStart4Smart geometry design features

ReStart4Smart energy strategies

!
Energy sufficiency measures
|
v A4
Shape Envelope

* Form factor
* Orientation
* Roof inclination
* Openings layout

* Thermal envelope
performances
better than codes

* Ventilated roof

* Interiors layout * Cool colors
* Patios * Automated
* Attached covered windows
spaces * Responsive solar
* Wall fountain shading
* Green wall

Passive energy solutions

« Reduced heat flows
*+ Stack and cross ventilation

« Sun shading

* Patios microclimate control

!

Energy efficiency measures

|

Building Systems

* Dual compressor heat pump
* Led lighting

* High efficiency appliances

* EV charger station

* Smart sensors and meters

* Weather station

Active energy solutions

* Heat recovery for hot water production
* Control of supply and return air quality
= Comfort responsive lighting

!

Clean energy measures

J

Renewable energy

* BIPV according to climate and arab

tradition

* PV HIT tecnology
¢ Energy storage
* Hybrid inverter
¢ LSC system

Green energy management

* Demand response
* Temporary generation-consumption

correlation

* Grid island operating mode
* Energy balance monitoring

v

Smart living measures

v

Home automation system

* Dynamic monitoring and control of all

house equipment and systems

« Dedicated App for integrated control of

all devices

* Advanced human interface
* Data available on cloud
* Al and Machine learning

Smart home solutions

* Smart lighting

* Smart kitchen

* Smart water recovery system
* Smart access

* Predictive maintenance

Fiqure3.11ReStart4Smart ZEH desian strategies. (Casini 2020).
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Shape, central patio, orientation
of the building and placement of
windows favour thermal comfort,
natural lighting and ventilation

South facing, sloped PV roof for
maximum solar harvesting

Wind tower, shading, vegetation,
green wall and fountain remove
heat from central patio providing
a cool core for living quarters

No openings on East and West.
Outer walls shield living quarters
from the sun

21"June

Figure3. 12 ReStart4Smart geometry design features. (Casini 2020).

1 Alkhateeb2019
Alkhateeb conducted a study to evaluate the feasibility of converting an existing office

building to achieve netero status. Alkhateeb utilisesveralpassive and active methods
appropriate for the UAE environment to accomplish the NZE objective, including
integratingvarious gridconnected solar (PV) systems. He employed MES building

energy modelling software to assess the impact of all applied measures on lowering power
usageto identify the best scenario before deploying PV systése® Figure 3.13)

According to Alkhateeb's research, active measures are more effective than passive ones

“f"‘==\!"':“ .

Figure3.13 Different strategies for installing PV panels and shading elements using (IES VE Modé
(Alkhateeb, 2019)

in lowering energy consumption. Passive parameterpawer usage by 14.7%, while

63| Page



active measures decreased demand by 63.2%. A PV system matched the lower energy
consumption, resulting in a Net Zero Electricity Building (Alkhateeb, 208&jording to
Alkhateeb's prototype, it is crucial to prioritise active techniqoeshieve the net zero

stage. However, it igssentiahot to overlook the passive measure while designing the

study approach.

1 Belpoliti et at2019
A study managetb help the UAE utilisehe passive cooling technique in a hot climate.
The study was performesrly,starting with the design procdsg selecting the orientation
and construction materialsnd designing the passive cooling technique. The intended
scheme examined and reinterpretedititeal Emirati dwelling's conventional techniques
and typological desigrupdating themwith contemporary design methods. The prototype
has some new design approaches like the S/V (surface to volume) ratio is frequently
adopted to evaluate the watope's passive performance regarding Hesé Another
approach is that the house is equipped with portable partitions to allow flexibility and
maximization of spageesulting in creating a (buffer zone) (see Figure 3.14), which leads
to a reduction of the cooled volume and, consequently, a possible sagrgy To help
validate the geometry shape, the CFD analysis program is used mainly to analyze the
environmental aiwind-flow regarding any modeled object in a confined space, resulting
in an innowative windcatcher (belpoliti et al 2019)he use of flexible space size design
and spacing modification leads to a reduction in residential energy usage. The approach
may be elucidated here: By altering the HVAC cooling zone, the house may decrease its

cooling demand.
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Figure3.14 (a) The innovated windcatcher and (b) the buffer zone concept (befalt019)

1 Taleb2014

Recent researcim the UAE sought to assess the practicality of usipgcific passive

cooling methods to improve thermal efficiency and decrease energy use in residential

buildingsin hot desert climates, namely in Dubai, The United Arab Emiratlesctual

case building was chosen in this inquiapd eight passive cooling solutions were (sed

Figure 3.15) The IES program served as the primary simulation tégihg such passive

cooling solutions reduced the cooling Idag 9%. The yearly energy usage decredsed

23.6% To concludeas shown by Taleb's studysing vernaculgpassive cooling tactics is

beneficial in reducinghe building's overall cooling load and energy consumption

4?

7

/

.

High Solar Reflection

-

Wind Catcher

| —-—

Double Glazing

A 4

| ¥
-

Insulation

Evaporative Cooling

Indirect Radient Cooling

Figure3.15approach of the adopted passive cooling design strategies (Taleb, :

65| Page



1 Alrashed 2015

Alrashed (2015) conducted excellent research on the applicability of ZEHs in Saudi
climates, comparing several ZEHs established throughout the globe under similar climatic
circumstances. According to the results, Saudi virtual houses consume nearlystwice a
much electricity as their international counterparts due to size and type of dwelling,
occupant behaviour, poor building construction energy efficiency, and domestic equipment
and appliances. Airshed stated that the Saudi climate does not puswveydEHs in the
area(seeFigure 3.16). Ultimately, This research demonstrated the need to acknowledge
our distinct consumption patterns in the Gulf afidee area's distinctive severe climatso

amplifiescooling energy costhroughout the summer.

|
|

Ground Floor Plan 3D Isometric

Figure3.16 Modeland poor plans for virta:

1 Aldossary2017
The researctvas able to build lovcost sustainable energy prototypes in Saudi Arabia. The
three prototypes were created with the Saudi climate, culture, and occupancy needs in
mind. This prototype utilizes passive cooling tactics and renewable energy technologies to

produce dow-energystage that meets international standaBdsed on IES/E analysis
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data, the prototypes achieved an EUI of /8KWh/m2, meeting the worldwide standard

of low-energydwellings(see Figure 3.2).

140
120
100
£ ]
E 80 — -
~
E
g o
40 A
’ I I I
0
Low Energy  Very low France; New Low energy Passivhaus low energy Prototype 1 Prototype 2 Prototype 3
house in  energy house houses- the building in standared in  house in for Saudi  for Saudi  for Saudi
Czech in Czech average Germany  Germany Austria Arabia Arabia Arabia

Republic  Republic annual
energy

Figure3.17 Benchmarkingenergy Consumption in kWh/m2 with international
standards (Aldossary, 2017)

1 Alfaris, Juaidi, et ak017
A research was undertaken in Riyadh, Saudi Arabia, focusing on smart home technologies
and the impact of using renewable energy to enhance energy performance in relation to the
energy benchmarkihis case study showkat implementing an intelligent home system
effectively enhances the house's ability to function as aevet energy building. The
intelligent netzero energy home consumes 78 kWh/m2 per year, whereas the baseline
energy consumption index of ASHRAE Q015 is 107 kWh/m2/year. These
advancemets result in a 37% reduction in energy consumption compared to the ASHRAE

standard for singktamily villas (see Figure 3.18)(Alfaris, Juaidi, et al. 2017).
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To concludehome automation might be implemente@diNet Zero Energy Home (NZEH)
context According to this research, implementing this approach allows for effective

management of energy use in the home, resulting in a decrease in energy consumption by

up to onethird of the average energxpenditure

:

Annual energy, kWh

Hot Water HVAC Lights & Appliances
Home's systems

Figure3.18 Utilizing solar energy on the roof of the studied home resulting in reducing the ar
energy consumption Alfaris, Juaidi, et al. 2017.

1 Lan, woodet al.-2019
A study in Singapore focused on designing a holistic approach for an NZE residential
apartmentbuilding (see Figure 3.19)Thedesign stage consists of two main phases; the
design begins with Applying some consideratidike passive techniguegptimising
daylighting, and natural cooling time. At the same time, the other $tagseson
optimising energy performanceith the application of renewable energy and life cycle
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cost. The installation of solar panels for apartment buildings illustrates that with solar
panels covering the roof and part of the cl
can be metln the end, while it is feasible to build a +mro energy landed house, it is

challenging to achieve neeroenergy for apartment buildings. (Lan,wood et al. 2019).

3.00 290 2.80 3.55
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I ! Master o Common Common Living
—I—~~ -—l | o | Bedroom Z| | Bedroom Bedroom Room
;’)
1.83 &
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:
200 ] 200 [T 200 T, 270 ]
I | ‘ Bath Bath Slorage 170
S — |
‘ Service
#XXT03 #XX-04 Yard Kitchen §
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(a) Floor .
(b) Unit (c) 3D Model
Figure3.19F1 oor pl an of one poor, poor plan of

Lan,wood et al. 2019.

Denget al.-2011

The energy balance simulation res@imployed as th@rimary research methodf an

NZEH model in Shanghai, shows tleéctricity generatiomor solar panelg€an meet the
model's demands. Indoor comfort results show that the Shanghai model's temperature
comfort can be met even under hot, humid weatNewertheless humidity comfort
demand needsustomisedenergy concept design schen{sse Figure 3.12Q)such as
dehumi di y c a@engeenal., @3 1)n tkeeeisd,This research demonstrated that

the Gulf region's hot and humid weather does not obsthectimplementation ahe dea

of Net Zero Energy Homes (NZEH). However, it is possible that the resicescsa

dehumidification apparatus in order to provide optimal thermal comfort.
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Figure3.20 Shanghai model's comfort temperature is met even undéuhat weather.

1 Feng2019

A comprehensivenvestigationexaminedNZEBs andtheir preseniprogressn hot-humid
environmentsTheresearctexamined4 instance®f Net ZeroEnergyBuildings (NZEB)
from variouslocationsworldwide. It analysedhe designmethodologiesthe selectionof
appropriateparametersand the energy performanceof thesebuildings. The research
discoveredhatNZEBsin hotandhumidareasftenusepassivedesignandchoosdeatures
like daylighting and crossventilation. These strategiesare combinedwith additional
energyefficient and renewableenergy measuresMost NZEB examplesexhibited an
annualenergyconsumptionbelow 100 kWh per squaremetre of floor areaat the site
Furthermore severalbuildings achieveda net-positive energy status(Feng, 2019). To
conclude,Feng'sreview study on Net Zero Energy Homes(NZEHS) revealedthat the
majority of thehomesanalysedgrioritisedenergyefficientmeasurethroughouthedesign
process,resulting in a low energy consumptionstate of about 100 kwh/m2/year.

Subsequentlyrenewableenergywas harnessedo achievethe Net Zero Energy (NZE)

level.
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Figure3.21Design features and building technology choices of the NZEB cases Feng, 2019.

1 RodriguezUbinas et ak014

Passive design strategipiRy a crucial role iroptimising building comfort conditions,

enhancing energy efficiency, and reducing energy usage in NZEBs. A study by Ubinas et

al. on Net Energy Plus Houses demonstrated the effectiveness of these strategies. The

research included an analysis of the thermal charstatsrof the building envelope, design

parameters, ratios, and supplementary passive megseegs-igure 3.22)The results

highlighted the significant impact of passive design strategies @omhirt and efficiency

of homes, ultimately contributing to the achievementhefZero Energy Buildings stage

(RodriguezUbinas et al., 2014).
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| Other Passive Solutions ‘

Heating ‘ ‘ Cooling ’ | Thermal Energy Storage
Solar direct gain Solar shading Sensible Thermal Energy
Sunspace Green roof Storage - Thermal mass
Double skin glass facade Natural ventilation
Mass Wall Night ventilation cooling Latent Thermal Energy
Water Wall Ventilated facade or roof Storage - PCM
Trombe wall Solar chimney
Wind protection Evaporative cooling Underground spaces
Wind catcher
Green roofs or walls

Hybrid Solutions

Active solar shading
Fan-force ventilation cooling
Heat recovery systems
Ground-air heat exchange
Ground-water heat exchange
Mechanical night ventilation
Evaporative cooling . .
Dehumidification systems Figure3.22Bui | d

Unglazed transpired solar facade i H
Low temperature radiant surfaces passive and hyb”d

Sensible Thermal Energy Storage solutionsRodri guez
Latent Thermal Energy Storage Unit .
Night sky radiator cooling Ubinas et al. 2014

1 Kiristianseret a, 2019

The Kristiansen et al. study has taken steps toward achieving net zero bigdmggure

3.23) Kristiansen et al. technologies are focused on residential ZEBs, which are suitable
for transportable modules. Kristiansen et al. concludk a t-gridObuildings make
responding to what ZEB implies to the public eadieclarifies that nezero energy must

be achieved imactualoperation and include all the enengguirementgsee Figure 3.24)
especially plug loads. (Kristianseh al, 2019).This research demonstrated the need
evaluate human consumption behaviour in practical settingginly when people

consistently use their HVAC system.

Optimizing the Passive heating Active heating Energy efficient Reduce energy

— —P ‘ i
envelope and cooling and cooling ventilation need for lighting

Cost Simulation and Incorporate Energy

optlmwatlcn optimization renewable energy management

Figure3. 23 Planning Step€ontributetowards zero energy building Kristiansen at el, 20
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Figure3.24Mo d u | grid ZEB made from shipping container module
Kristiansenet a, 2019)

3.4-Remarks

Since the residential building industry has become a pristamce okenergy consumption
worldwide, energy efficiency in the built environmehé&s become a topic of interest to
many architects and engineers. Energy efficiency conserves energy use and mitigates GHG
emissions, influencing annual energy consumption and indoor thermal comfort. The path
toward energy efficiency in buildings can beabed through measures that varygheir

ability to influence the cooling load demand. For instance, HVAC systeith a higher
Energy Efficiency Ratio significantlyeducethe building cooling load demand by more

than 30%. On the other hand, as multiple studies have shown, green roofsadeasiie
measure to utilize in a hot climate becatlssy have a minimal impact on reducing building

cooling load, need a previous structural calculata must be irrigated during the year.

The choice of exterior materials, particularly glass, has a considerable impact on the
building's energy demand owing to their dynamic and physical character, as well as their
multi-layered rolegegardingheat gain, solar gains, ventilation, and lighting. In the hot

environment of the Gulf area, where solar radiation is abundant, solar heat uptake via
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glazing may reach up to 85% of incoming radiation. As a result, window and glazing

characteristics have a greater influence than wall measures on energy savings and thermal

comfort. In terms of physical glazing characteristics, research have shown t8atGia2

has a greater influence than thezdlue on energy consumption and thermal comfort since

it represents the amount of solar radiation that penetrates through windows. Another

important aspect is window size, since heat intake from the sun risestimagidr with

window area, impacting cooling demafgke able 3.2. Summaries of the energfficient

measures haveeen discussed in this chapter

Table 3.2 summary of energefficient measures that have been discussed in this chapter with some suggestions and limitations

Energy Efficient Measures

Technique Description

Suggestions

limitations

1-Building

An Arrangements about fundamental
building design (shape &

<

Rooms with higher internal gains can be
located on the north side of the building.

Can't be applied as
retrofitting strategies.

buildings' energy consumption.

Rooms whose width is greater than its depth
have higher daylight levels.

Shape and i ¢ | orientation) At the initial stage of the | v/ An exterior surface exposed to the sun results in | * can't be applied when the site
Orientation architectural scheme in the meaning heat gain, which places greater cooling systems location restricts the building
= of minimizing summer heat gain. demands. orientation.

layers made by low thermal | v Accordingto (SBC,2018) R-value for
2-Wall and conductivity materials which reduce insulation should not be less than 5 m?* k\ w *  Thicker external wall
Roof unwanted heat loss or gain and for roofs and 2.92 m** k \ w for walls. insulations are not
Insulation minimize the energy demands of | v/ A study showed that insulation with a thickness financially feasible.

heating and cooling systems. of 2 cm could save energy up to 22% .

Lo . . * About 45-60% of the
3-Window Sl‘neidmAg fenlestr?tlons by ;'emca{ v" According to (SBC. 2018) glazing should not building cooling load
Sl Olv ‘10112?11ta 'e vellléllts“ ( lllS‘ 0{ exceed 25% from the total wall area, infiltration generates by heat gain

i overhangs ) prevents direct solar rate in windows should not surpass 1.5 L/s and throw windows in cases
Glazing Type i s iohti :
heat gain and allows daylighting. SHGC should be between 0.25 - 0.35. where windows cover 20—
30% of the walls.
Natural driving forces which are| v' Ahigh air velocity is required in hot and humid | « It is vital to avoid any
either the stack effect. due to the climates to ensure reaching the thermal comfort possible adverse effects of
4:N'<1‘t1u:al temperature  variation, or the situation due to the humidity. forces combination.
Ventilation crosswind effect, due to the difference | v/ Combining driven forces is a helpful strategy * Not feasible at high outdoor
in air pressure . for better thermal comfort. temp.
On the initial design stage. utilizing v Diffused daylight is considerably lower in heat
5-Day the daylighting and minimizing the gain than direct light. Thus, it is favored in . Engaging' more daylight. in
lighting artificial light reliance can decrease thermal comfort. the building may result in

added more heat gain.

cooling demand.

is lower than the outdoor.

_— Wall coatings with high solar Higher SRIvalues are
-Wall and |50 e 2 ‘/ H ” - 3 1 » Ay H - . e
g?ﬁ“ i N\ reflectance and thermal emittance to A;fl 'fl(;:leasf, ofwal‘Is sc?la}. 1ef.]ectatnc7e ;))11\8»/11 ca112 ‘eSF‘“’ted . l?”yghtfﬂ colors
5 N reduce facades exterior surface afford cooling energy savings up to 2. A ) m- Wll.ICI.I put a limitation ona
Reflectance temperatures. and reduce the indoor temperature by 1.1 °C. building surface color
selection.
v = s G . .. : .
) Tstall TIVAC Syt it & According to (.SEC)' An conditioners must have Unfeasn}ole to be gpphed as
7- HVAC ; : : an energy efficiency ratio of 13 EER and above retrofitting strategies
higher Energy Efficiency Ratio ; 2 5 e
System (EER) shiiclinflaences buildings to be energy efficient. *  HVAC systems with higher
Efficiency A & v The EER increase when the outdoor temperature EER are not financially

feasible.
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Even though Gulf residential buildings use almost twice as much power as their
international counterparts, the majority of the NZEHs discussed in earlier research have
successfully achieved zeemergy status via the implementation of active and passive
measuresMost ofthe examples started the design phase by improving the quality of the
building envelope. They subsequently implemented passive measures such as cross
ventilation and the stack effect using windcatchers and shading dekigese 3.25
provides a summary of the net zero options from prior research, which have been
categorisedinto three primary divisions: passive approaches, building efficiency
enhancements, and renewable energy soukmsh primary element has secondary

category in order to investigate the parameters in detail and depth.
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