The
University
Of
Sheffield.

The Roleoff KIF 6 A O I v (liaEdergylskE Ol A O
The Kingdom of Saudi Arabia as Case Study

Rawdah Alzahrani

A thesis submitted in partial fulfilment of the requirements for
the degree of Doctor of Philosophy

TheUniversity of Sheffield

19/01/2024



1 Oly2e6t SRAYSY

| am grateful to my God (ALLAMj)ithout ALLAH supportcauld not have completed

this thesis.| would like to express my deepest appreciation to all those who provided
me with the possibility to complete this thesis. Inilya | give special gratitude to my
supervisory teamProf. Matt Watson, Drlsaiah Durosaiye and Dr. Abigail Hathwnr

their continuous support and guidance. | would like to thank my previous supervisor
Prof. Fionn Stevensgnwho remained a persistentosirce of guidance and support
throughout my research and has inspired me to further my research in thislareald

like to thank all my colleagues and the department academics and technicians for their

supports during my MSC and PhD studies.

| extend geat thanks to my family for their continuous support. | express my
appreciation to myhusbandand my lovely daughter and sdior their encouragement
and help enabled me to complete my research successiMiiyny thanks goes to my
friends Samiah and Wdyafor their supports. | would like to thank the Royal

Commissiorand participants fotheir cooperation in this research.

Last but not least, | am grateful the Saudigovernmentfor funding and giving me the

opportunity to domy PhD.



| 640N} O
Sauli Arabia is considered to be one of the highest consumers of energy per capita
becausearound 70% of its dwellings are uninsulated, which contributed to an increase
in its energy demandSome research has been undertaken about energy consumption
in Saudhouseswhich hasfocused onthe technical and simulation aspects as a mean
to reduce energydemand. KA & NB &SI NOK g1 & dzy RSNIF 1Sy 2
practices and how they may affect tlemergy demand in Saudi home#. worked in
identical regulated homes in Saudi Arabia to advance understanding of the role of
AYKEFEOAGFYyGaQ LIN> OGAOSa Ay 2@0SNIff NBaARS
conducted by using a mixed methods approach aiith the use of a practice theory.
Longitudinal and crossectional time horizons were used to collect quantitative and
qualitative data The results of this research suggest that the technological and social
aspects of energy use have at least an equality of importance, and both aspects affect
the energy demand foSaudi dwellingsThe improvement in the building envelope
helped to achieve lower energy consumptioompared to the actual average energy
consumption for a conventiondlouse. However, exploration of the causes of wide
variations presented in energy dwnd between identical homes provides deep
dzy RSNARGI YRAY3 2y K2g AYKFEOAGEFEYydaQ LINI OGAOC
homes through the investigatiorfour elements of practices(e.g. technology,
engagement, institutionalised knowledge and rules, kAmw and embodied habijs
and how they are brought together in the conduct of everyday ecommendations
basedonthe thesis results are presented for taudi Royalommission Finally, some
insights from social practices are provided for domestiticgoto be considered for

future housings.
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Chapter lintroduction

Stientists around the worl@ttribute much ofclimatechange to the
rapid growth in human made carbon emissions that has occuoest last century
(Pachaurkt al, 2014)Without rapid action to decrease these emissions, it is likedy
temperatures, heat waves, flooding and stodamagewill increasgStevenson, 2019)
Globally, greenhouse gases need to be cut significantly by about 50% by 2050 and at
least by 80% by 210@¢élsmakers, 20)7Thehousingsectoris the single largest emitter
of all CQ emissions in the worldJénnirgs et al, 2011) The worldwide energy
consumption of residential buildings accounts for 40% of global energy consumption
(Bribian etal. 2009;Brebbia, and Pulselli, 201A] kanani et al., 201)7 Climate change
can impactthe indoor environment of the hidings and2 O O dzLMeylth. & Sor
instance, the increase of temperatumpactsthe indoor environmentwhich in turn
leads to an increasan the loads on the HVAC system aatlincrea® in the energy
consumption in term oits impact onhealth by decrasingproductivitydue toextreme
temperatures and respiratory disease(Spengler 2012) A study by Berardi and
Jafarpur (2020)conducted inCana@ shows thathigher temperatureleadsto a
reduction of heating by 30%ut it could increase¢he coding by15%126%in the future
(Berardi and Jafarpur, 2020)0ther studysuggest that lte Kingdomof Saudi Arabia
could expectanincrease of the average terepature by 8C in the summer months by
2081-:2100 (Lelieveldet al, 2016. Constructing more energefficient houses may
reduce carbon emissions by 60% or morerder to mitigate climate change and its
impact on buildinggTzikopoulos et al., 2005 Consequentlymany of the developed
countries are addressing energy conservation in the building sectoeriargl and in
residential buildings in particular. Some of these countries have establbbfuitive
standards fortthe energy consumption in domestic buildings in kWh/m2 as low or very

low to be met based on the local climatconditions

In the contextof this research, Saudi Arabiaoise of the highet consumers of energy
per capita, the annual per capita electricity consumpteasaround 100MWh in 2014
(Asif, 2016. With the rapidly escalating population in Saudi Arabia, the domestic
energy demands increasingAl kanani et al., 2017Elgendy, 2011; Taleb and Sharples,

14



2011; Almatawa eal.,2012) With such high residential energy consumption, a strategy
is urgently needed to reducehe consumption andso itsimpact on climate change
There have been many previous attempts to minimise the high energy demand in

different cities of the Kingdorwith technical solutions.

Thischapterpresentsthe researchstatement of the problem in Saudi Arabia in terms
of energy consumipon and an overview of thbousings demandThechapter presents
the researchdentified gap and the researcbontributions to the body of knowledge
Theresearch questiongims and objectivesare developedThe chaptethen provides

athesis structureandbrief explanations of &ch of thethesischapters

1.1 Problem of statement

The Kingdom of Saudi Arabia is one of the largegprodlucing and exporting
supplier globally.Saudi Arabia generated more than 99% of its electricity in 2017 using
fossil fuels (Krane, 2019n 2011, 52% of the electricity was consumed by the domestic
sector Figurel-1) (Electricity, 2011; SEEC, 2013; Dawood and Vukovic,. Z0i€)
increase in the energy demand in Saudi Arabia has been driven by the rapid growth of
population and economic growtfSoummane, S. and Ghersi, 2022audi Arabia is also
considered to b one of the highest consumeos$ energy per capitan the world(Asif,
2016 Felimban, 201p It is reported that he total Saudelectricitydemand reached
299.2TWh in 2018. It is found that this consumption is similar to more populated
countries e.gMexico,whosepopulation was 12B million, compared t84.2 million
for Saudi Arabia (Soummane and Ghersi, 20B8¢rgyconsumed for air conditioning

alone represents 70% of the total national electricity demand (SEEC, 2013).

15
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Figurel-1 Energy consumption in Saudi Arabia by sectors (Electé0ity)

According to the International Energy AgentiyA, total electricity generation in the
kingdom of Saudincreased by 168&from 20,452 GWh to 344,208Wh, between the
period 1980 to 202Q(IEA, 2020)Figure 1-2 demonstrates theincrease in energy
generated and its direct relationship to the increase in carbon dioxidestéonis during

the past 40 yearsAl-Tammi, 2017: IEA, 2020
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Figurel-2 The growth of Saudi electricity generation anc? @@issions through four decades (12620
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One of the main problemfound in Saudi buildingshat building envelopes were not
designed to cope with the extreme weathgklQahtani and Elgizawi, 2020Dne key
reason for this higkenergy consumption ithat around 70% of Saudivellings are not
thermally insulatedAlshahrani and Boait, 2018; Alshenaif, 2D16also has been found
that the lack of mandatory energy conservatidor the domestic sectompolicies

contributed to high energy demand (Dawood and Vukovic, 20Ahough thebuilding

energy efficiency code was introduced in 2009 &tdrin 2010was mandatory for the

governmenal buildings butwasnot enforced for all other building@rarti et al, 201).

All the factors mentioned above have pressurised governmedids in Saudi Arabia to
design and construct homes thaseless energy and therefore reduce greenhouse gas
emissionsStudiesconducted to develop sustainable residential designs in the Kingdom

of Saudpaid more attention to the technology aspedtiterature review.

1.2 Housing stock in thikingdonof Saudi Arabia

Theconstruction sectoin Saudi Arabias the largest andiastestgrowingmarket
in the Gulfcountries (Ventures Middle East, 201Zhis sector has greabtential for
growth as he demand for residential, commercial, and industrial buildings continues to
rise (Alrashed,2015. Theresidential sector is facing a strong growth as a result of the
Saudi population increasing-ifure 1-3) (Deloitte, 201Q) The population growth
increasedhe demand forousing and it neednew housingthat will be builthasto be

energy efficient to reduce the energy demand aslithate changd€Figurel-4).
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Figurel-4 Housing Demand in Saudi Arabia (Ministry of Hougi030)

To meet the needsfahe constantly growing populatiorthe housing demand is very
high in the central, eastern, and western provinces of the King@dimistry of Housing,
2020) It is reported that around 300,000 residential units will be built by the end of
2025(Argaam 2023).
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1.3 Research questions

al Ay NBaSINOK l[dzSadAaz2yyY 2 KIFG practicésk S
andK 2 dza S kKriefgyRanamptionin dwellings ofSaudi Arabia?

In order to answer the main research questitime followingsub-questions were

developed:
1. How much energy do regulated homes consume in Saudi ArAnid®hy?
2. How do Saudi homes and technology perfanmelation to thermal comfor?

3. How do inhabitant everyday practices contribute to energy consumption and

why?

4. How do inhabil | yelip@rie@nceenvironmentalcontrol interfaces in everyday

life?

1.4 Research aim and objectives

Aim: The aimof the studyisto understand the role oinhabitants practiceqm
the energy use of Saudi homes in order to provide recommendatfonfuture home

building projects.
Objectives
1. Identify how much energy has been consumed in a selection of regulated
homes.

2. Evaluate how a selection of regulated homes are performing in relation to

thermal comfort.

3. Understand the usability océnvironmental control interfacesof selected

regulated homes.

4. Explain the influence of inhabitant everyday practices on energy consumption

and the indoor thermal environment.
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1.5 Thesis structure

Chapter lntroduction is the start point of the researclihe chapter presents an
overview of the significance and the problem statement of the reseaftie chapter
presents an overview of the housing demand in Saudi Arabia and the developed
research questions, the main ajimand objectives. Finally, the chaptshows the

research contribution.

Chapter 2 Literature review This chapterdiscusse<lear justifications for choosing
practicetheoryas a resarch theoreticaframeworkand overviewof itselements. Also,
the chapter reviews of recent Saudi studies related tbe subject of the researchnd
the identified research gaHnally,the chapter presents thpostoccupancyevaluation

approachin Saudi Arabia

Chapter3 Researchcontext the chapter presents an overview of thesearchcontext
such aglimaticcharacteristics of Saudi Arabthe demonstration of the vernacular and
the contemporary architecture of Saullibusing Fnally, the chapterhighlightsthe

sustainabilityinitiativesand challengeghat the kingdomcould face

Chapter4 Researchmethodology the chapter describes the research desayd the
samplingthat was used to achieve the proposed aim and objectivBéso, mixed
methods approachesare presentedwith a clear indication of the chosen methods.
Descriptions of how data wamalysedare also providedThechapter hasexplainedin
detailsthe designthat selectedfor the researchmixed methodsapproach Finally, the

chapterhascovered andliscussedhe research philosophical standpoint

Chapter5 Identify how much energiias been consumed in a selection of regulated
homes and evaluate how these selected homes are performing in relation to thermal
comfort the chapter starts witha description of themicroclimaticdata of the case
study. It describes the quantitativeesults of the research through the use of e.g.
environmental indoor monitoringair temperature and relative humiditypuilding use

study questionnaires and energy hills providesdescriptive analysis of the seasonal
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indoor environment in the case studidgy. Finally, the chapter discuss the energy

consumption of the case studies.
Chapter6 Understand the usability of environmental control interfaces in Saudi homes.

and explain the influences of inhabitant everyday practices on energy demand and the
indoar thermal environment the chapter describethe research data deductively by

the use of the four elements giractice theory accordingtd N> ¥ | I yaaSy Qa St
(2010)(technology, engagemenitstitutionalised knowledge andiles,knowhow and
embodiedhabits) Also, each of the four elements has sevesabthemes Finally, the

chapterpresentsa discussion of the inductivenalyticalthemes.

Chapter7 Research discussiorthis chapter presenta discussion and triangulation of

the research dataencompassing botlguantitative and qualitativedata and analysis

Also. It present$nterpretations of the seasonal indoor temperature, relative humidity

YR SYSNHE& O02yadzYLliAz2y 6AGK GKS AYKFOAGLl yi

Chapter 8 Researchconclusion the chaptersummarizesthe research findings and
provides clear overview of key findings of each of the research objectives. Moreover,
the chapter explainsuggestiongor future work that can be built on the findings of the
present study. The chapter explaiadrief description of the research limitations.
Finally, the chapter offers some recommendatidiesed on the research findindsr

the Royal CommissiofiRC), policy makerand energysuppliers
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1.6 ChapterSummary

The chapter has highlighdethe research questions, aim and objectives for the
thesis, based on the problem definition, inorderto &MNXB | YR Ay @SadA3al S
practices in relation to energyemandand the actual performance of Saudgulated
homesin terms ofindoor envronment and energy useThischapter has revealed that
the residentialsector is a major contributor to high energy consumption in Saudi Arabia
which isa significant problemMore than half of the electricity is consumed by the
domesticsector. Thiselectricity is currently generated by burning fodsiels in the
Kingdom. Another factor resulting in high energy consumption is lihgated
implementation ofmandatory energy conservation policietn addition, the growing
population increased the demarfdr housing across the kingdonlso,the literature
review in thisresearchrigorously demonstrates that previous energy studies in Saudi
have focusedanore on the technical and simulation aspects aseansto reduce energy
demand.There is dack of knevledge on what underlies the causes of energy demand
in Saudi residential secttinat can account for widgariations in household energy use
between houses that are the same atite actual energy use in reality rather than as
simulated, revealing a criti research gaplherefore, this research is being conducted
to help toproduce a fuller understanding of tteauses for this demandnd to produce
learning on how taminimiseenergy demand with implication®r current and future
developments in th&inglom, and irsimilar climatic regions in thengdom. A practice
theory approactwith post-occupancymethodshelpsto providearich analysis of hidden

reasons behind the high energy demand in Saudi dwellings.

22



Chapter 21 iterature review
2.1 Introduction

The chapter discusséise rationales for choosing practice theory in this research
are explained. In addition, the chapter explains the practice theory and its elements that
are used in this research. Furthermore, the chapter provides overview opdse
occupancy evaluation, definition and its benefits. Finahy, chapter hasdiscussd
variousexisting energy studies related to domestic buildings, clarifying the current gap

in the literature to underpin the research aim and objectives.

2.2 Justificéion for using practice theory

After the research gap was identifiedshich wasa lack of knowledgen what
underlies the causes of the energy demandhie residential sectofor example what
could underlie variations in household energy lstween houses that are the same.
The gap between technical predictions of house energy use and the realities of
household energy use. Therefore, studying the technological aspect of the building e.g.
improving the building envelope, itis found not saént. As a result, this research was
conducted by studying the social aspect as well as the technical aspect to study the
energy demand in Saudi dwellinggevious studies have used different theoretical and

empirical approaches to identify factorsahcontribute to energy demand in buildings

However, due to the aim of this research, practice theory was more appropriate than

other theories such as planned behaviour theory. The behavioural approach assumes

that individual decisiommaking and behaviar is planned to achieve a goal based on

values, attitudes, and norms (Stevenson, 201%ocial Practice Theory supports a

holistic understanding of e.g. energy consumption. A growing number of scholars are

I NBdzZAy3 GKIF G G§KS WiAsyfimda@éntlbzifldwada(Warde 02006)S NE LIS
Shove, 2010, Hargreaves, 2011, Shove et al., 2012, Foulds et al., 2013). As stated by
{0S@Syaz2zy ounmpyY LInpv 2yS 2F (GKS 1S& ONRGA
of people from the influence of hometegh?2 f 2 3A S& 2 NJ FonesamfedthelJ?2 £ A O A
study of (Faiers et al., 2007; Gill et al., 2010) that exudruman behaviour within
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residential settings to explain the reasons why home inhabitants act the way thdty do.

focused on the individual, assumg a consistent behaviour pattern based on external
determinants. However, in practice theory, thattention is redirected from the

individual decisiormakingand centred orthe practice itselfcoreunit), rather than the

individuals whaerform them orthe social structures that surround the(hlargreaves,

2011 Shove & Warde, 2002However, the role of individuals is not glected in

practice theoryi KS A Y RA OARHNNASHEBEO2 ¥$ &=npoutittfe LINI O
various activities and tasksahthe practice requirefReckwitz2002; Hargreaves, 2011,

p.83) In the context of the domestic buildings, practice thetwguseson the analysis

on the mundane (e.g. cooking, showering, cleaninghd routinized practices of

K 2 dza Sd¢enyiddy {fe. Other studies ofe.g. Foulds et al., 2013; Galvin, 2013; Gram
Hanssen, 2011; Strengers & Maller, 2011) use social practice theory and its importance

in terms of producing new insights into routinized everyday practices and their
consequences for the indo domestic environment. lhas been used and tested by

previous studies, demonstrating its capability to provide guidance in the investigation

of empirical dataSocial practice theory has been selected as an appropriate and useful
theoretical frameworky’ KSf LAYy 3 GKS NBASIF NOKSNIo FdzA FA-
understand and explain the influence of inhabitant everyday practices on energy
O2yadzYLIIA2yQd LYy SKAOK (GKAA UGKS2NE F20dzS
0 SKI @A 2 dzZND 6 wiD)of evelydal e andemphasizeslitaicontext of social

enquiry and the emergent dynamics of everyday life. However, if applying the theory of
behaviour that focuses on causal factors and external drivers, attempting to explain the
dynamic and complex pctices of everyday life (e.g. cooling, heating, ventilation,

cooking and laundry that may affect the energy demand in Saudi dwellings) it would be
insufficient. Because it fails to recognise the routine complexities of deaisaking in

everyday domesti life (Shove & Guy000). Behaviour theory ignores meanings and

habits, but social practice theory addresses this deficit (Stevenson, 2019).
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2.3 Practice theory and its elements

Practice approach became increasingly influential starting inl@#)s and have
been applied to analyse a broad range of phenomena such as, policymaking, culture and
consumption (Nicolini, 2012). There igagpidly growing literature osocial practice
theory, highlighting the importance of adopting a practice approsxhnderstanding
and developing strategies to reduce domestic energy dem&tidworthKrebs, 2017).
Practice theory recognises the influence of its elements on the performance of the
practices Kermeci, 2018).Practice theory has developed through work tfe
sociologists Bourdieu, Giddens and then developed by Schatzki, Reckwitz and others
(Table2-1) (Reckwitz, 2002). Bourdieu views that habitus rooted unconsciously in
human action and therefore shaping the social practices and structures. Moreover,
Giddens (1984) defines the social practices as an interaction of agency (individuals) and
social structure (Maller, 2012). Also, they argue that practices recognised as entities
because of their regular reproduction. Their theories are social theories shee t
materials artefacts,infrastructures and products are hardly discussed (Shove and
Pantzar, 2005). Adding to the assumption that habit and rules explain the human action,
Schatzki has different view, and he added a third dimension to the notion ofipeast
0KS NRtS 2F YSIyYyAy3 IyR ftAY{SR (2 LJzN1J]24aS
practice as nexuses of activity rooted in shared understanding, comprised three
elements e.g. practical know how expressed as habit, explicit rules, and meanings

(Schatzki et al, 2001).

Theexclusion of norFhuman materials, technologies, objects and things are considered
as key limitation oBourdieuand Giddensaccounts of social practices (Shove et al.
2012).Furthermore,the importance of including nonhumans social research, should

not be given an equal status to the agency of human actors (Schatzki 2002, 2010). Social
practice theory elevates materials, objects and infrastructures to the status of active
elements that constitute practice¢Maller, 2015). The impact of norhuman or
materials objects on human activity was covered by Reckwitz, whattnilsuted largely

to Bruno Latour The materialsobjects are actors in human activity, nblmman and
human actors are accorded equal treatmeReckwitz definead practice aa routinised

behaviour that involves interconnected elements of bodily and mental activities, objects
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or materials and shared knowledge, skills and competensé&sde, 2005)inw S O1 6 A G 1T Qa
description,practice theory elements which includbody, mind, the agent, structure
process, knowledge, discourse language, and things (Reckwitz, 2002). The body in his
description means an instrument that the agent uses and the routinised actions with
bodily performances (e.g. handling objects or intefieal activities such as talking,
reading, and writing). Additionally, certain mental activities and knowledge are integral
parts of practices (e.g. playing football with certain aims and khow), and the agent
(individual) is the carrier who carry outd practices. Structure/process is thus routine
social practices (e.g. routines of moving the body, of understanding and wanting, of
using things). Furthermore, knowledge is a way of understanding objects, humans,
know-how, and also a way of wanting andefing. Discourse/language represents
different forms in which the world is meaningfully constructed in language or in other
sign systems, and contains bodily patterns, routinised mental activities, motivation and
objects (e.g. in some cultures, a man lsbs hands when he greets another man but
refrains from doing so when greeting a woman). According to Reckwitz, actions are the
relations between the subjects or between the subject and an object (e.g. the ball and

playing football) (Reckwitz, 2002).

Reckvitz, Shove and Pantzar also emphasise that technologies are an important

St SYSyild Ay K2fRAY3I LINF OGAOSE (23SGKSNW® Ly
items of consumption during the participation in practices. Schatzki explicitly argues

that his theory is more about continuity than change, whereas others, such as Shove,

deals more with the emergence of new practices or for example changes in distributions

2F O02YLISGSyO0Sa gAl0KAY StSYSydGa 27F LINY OGAC
Shove (203) highlights the importance of focusing more on the routinised and
technologically structured parts of the consumer practices in order to understand
K2dzaSK2f RaQ SySNHe Oz2yadzYLiAzy o

There is no agreement on naming the elements among the theorists,| oeaietice
theory is defined differently by different theorists (Schatzki 2002, Reckwitz 2002, Warde
2005, Shove and Pantzar 2005, G#danssen, 2010) afiewn in Table2-1. Schatzki
states that practical understaling (also known as embodied routines or knbow)

(the body knowing how to act or react to something) is classified as one element that
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holds apractice together. Whereas, the explicit rules and instructions of how to do
things, what is allowed and whas$ not are a second element in holding a practice
together6 DNJ Yl I yaasSys uwnmno

Table2-1 Practice Theory Development (Loscher eRafl9

Schatzki Reckwitz Warde Shove DNJ Yn
(2002) (2002) (2005) Pantzar Hanssen
(2005) (2010)
Practical Body Understandings Competences Knowhow
understanding Mind and
Theagent embodied
habits
Rules Structure/process  procedures - Institutional
knowledge
and rules
Teleoaffective knowledge Engagement  Meanings  Engagement
structures  Discourse/language
Technology/ Things Itemsof Materials  Technologies
things consumption lthings/
products

Warde, Shove, and Pantzar added two further iteppsoducts/stuff (Shove) and items

of consumption (Warde) as an element holding practices togetiagher than a result

of social practices as heliy SchatzkiGramHanssen builds on the proposals of these

authors (practice theorists) in terms of the coherence of practices. In relation to energy
consumption the focus of this research study, Gadanssen particularly emphasised

GKFEG W y28NIBRIS@ OFRLIEZ Y Sy tHansseNJB010) builldd ohli | y (i =
{OKIF GT1AQa y2iA2y 2F WSELX AOAG NHzZ S&aQ |y ¢

While Schatzki excludes the tacit knowledge or implicit rules

Shove and Pantzar (2005) write ab@aimpetences and do not differentiate between
theoretical knowledge and implicit rules, which is not appropriate when dealing with
housing energy consumption, according to Grelanssen (2010). Grahtanssen (ibid)
stated that differentiating between differdrntypes of knowledge, and their associated
routines/bodily and mental activities which hold practices together, may lead to an

incomplete picture of the issues surrounding energy consumption. The approach of
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GramHanssen (2010) to Practice Theory, wilfdwed in this research. She proposes
that there are four elements holding practices together. krogw and embodied
habits, institutional knowledge and rules, engagements, and technologies. -Koaw

and embodied habits meaning the routinized practitkat people perform in their
everyday lives. These practices can be performed subconsciously such as, waking up
making coffee and getting dressed, and consciously e.g. when the inhabitants receive
information on the importance of using their ventilatiogstem as prescribed by the
manufacturers, and this knowledge may influence their ventilation practices.
Institutional knowledge means the way that things are supposed to be done culturally
and individually determined, which includes rules of how to dmdbkiand technical
knowledge (Palm and Darby, 2015). For instance, the information from the user manual
and the knowledge obtained from cultural myths of the indoor environment.
Engagement implies that the practices mean something to the people who perform
them (GramHanssen, 2014). An example of this element is (household desire to save
money), can be found in the study of (Foulds et al, 2013). From the interviews, they
found one household who desperately keen to minimize expenditure, cooking
predominantlyoccurred in the microwave because that household believed it was the
cheapest option. Another household was keen to reduce bills even further by turning
off the MVHR most of the time during the day and ventilating the house naturally by

opening the windows

Last element in Grash | YA &Sy Qa | NOUAOdzZ FGA2y 2F LINT O
structure means the material components and things that people use such as the
cooling system, heating system, ventilation system (Higginson and Thomson, 2014) and
controls. In addition, technology element can be the house lay outs, which prefigure its

use (GranHanssen, 2010).

Researchers who applied practice theory in their research, base their analysis on
different approaches of the theory according to their suitdpilin achieving the
objectives of their studies. Therefore, the approach of GHamssen to practice
theory, emphasising the soctechnical determinants of social practices, is followed and
found particularly relevant to this soctechnical studyEnergy use in buildings is not a

technical but a sociechnical phenomenon that seeks to understanding the

28



relationship between people and technologyhiu et al, 2014)Energy consumption is

not a practice in itself as Grahlanssen stated, but practices arnétae different things

that people do at home which consume energy, such as cooking, washing, etc (2014,
p94). Grard | yaaSyQa FTNIYSg2N] KI & -BdSenh 2010JLI A SR
and nondomestic environments such as the studyRiftlitou, 2020 to understand

energy use practices.

2.4 Existing @search on domestic energy use

The systematicliterature review (SLR) approach was chosen for this research
GKAOK Ay@SaidAadalriSR GKS fAGSNY GdzZNB G aSS .
Saudi dwellings using Post Occupancy Evaluation (B@&ching for relevant studies
by using the search string steps that are developed to be used in electronic databases
(Bettany-Saltikov, 2012Q'Brien and Guckin, 2016).

In the environmental studis of domestic buildings in Saudi Arabia in terms of practice,
discovered through the SLR, there is a number that take into consideration the predicted
energy consumption and the global phenomena of climate change. The majority of
these studies focus hedyion the technological structures. However, there is no
SOARSYOS 2F I aiddzReé Ay {ldzZRA ! N oAl GKI G
practices revealing a major research gap. Equally none of the studies discovered for
Saudi have used comprehensR®E approach. For example, Aldossary (2015) discussed
how to reduce energy consumption by improving the building envelop of eighteen
homes with different climatic regions, in the hot and humid climate (city of Jeddah) and
the hot and arid climate (city d®iyadh) with mountainous topography (City ofBsha).

Taleb (2011) analysed the technological structures ofestisting apartments in the
context of Jeddah City and established guidelines towards achieving sustainable

architectural practices within th8audi residential sector.

Ghabra (2018) focused on KS Wi SOK Y 2 o prapbe bulding ¥nSefofie
design solutions that aim to reduce high energy consumption and cooling loads while
maintaining comfortable indoor environments for high rise resitnbuildings, in

{FdzRA ! N} oAl LI NOAOdzZ I N¥ & Ay WSRRIK [ A(e@
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investigated the vernacular architecture techniques that could be applied to modern
constructions in order to achieve low energy buildings. The study usetirBh city,

Guriat, Riyadh, Jeddah, and Khamis Mushait of Saudi Arabia as case studies in different
locations and climates; eastern region, central region, western region, and southern
west region, respectively. Some of these studies relied heavily onaiom only and

others combined simulation with methods such as interviews and questionnaires.
However, there was no evidence found for using usability questionnaire (Baborska and
Stevenson, 2017) to reveal tlsgstem control and test the technology pemfioance in

NEBfFGA2y (2 AYyKFEoAGHYy(1Qa LISNOSLIIAZ2yaod

Aldossary (2015) used computer simulation (€&BVE Simulationtaking into account
0KS o0dzAt RAY3a F2NX¥I FIFEIONROI AYyKFIOAGlIydaQ
examined the reduction of emgy consumption by applying retrofitting solutions of
solar Photovoltaic Systems and more efficient glazing. In addition, the study predicted
that by utilizing shading devices, the potential annual energy consumption reduction
would be in the range of 21% 37% for each property in a hot and humid climate.
Whereas, applying the same suggested solutions for the properties that located in the
hot and arid climate, the predicted reduction was between 15% and 34%. The energy
savings were around 20% to 34% ftbe properties that located in the mountainous

topography which classified with cool and mild during the summer season.

Taleb (2011) investigated the energy and water consumptions using simulation software
packages (e.g. Design Builder and Building EnSmgwlation TEST) and suggested
conservation measures. She predicted that improving the thermal insulation in the two
case studies reduced the energy consumption by 7.5% for the apartment and 3.8% for
the villa. The potential effect of improving glazingdamporting shading devices
predicted a reduced energy consumption for the apartment and villa of 17.7% and
13.7%, respectively. She predicted that the natural ventilation encouraged the
inhabitants to shut down their AC units and open windows, especthaliyng the
nighttime. Consequently, it was estimated that it would be possible to achieve savings

of 14.7% in Case 1 (apartment), and 11.3% in Case 2 (villa).

Abdulghani Hassan (2001) also used a simulation model in order to examine the
reduction of energ consumption by applying thermal insulation to domestic buildings.
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The model demonstrated a 19% and 31% reduction in cooling load as a result of applying
insulation materials and shading devices. Ghabra (2018) used simulation to predict that
adjusting thethermal properties of the wall type has the ability to reduce 10% of the
cooling loads while applying external shading devices could contribute to a reduction of
30% in solar gains. The simulation also showed that effective consideration of building
orientation had a significant effect on reducing the cooling loads by 25% and 60% for
solar gains. Her theoretical study set generated guidelines to help designers determine
the thermal performance and energy use of higge residential buildings in the early
stages of the building design. She aimed to enhance the effectiveness of the local
building codes and energy efficiency regulations in relation to this building type.
Alrashed (2015) utilised simulations to show that adapting vernacular architecture
techniques of Mashrabiyah, reduced the energy consumption by 3% to 4%, while
applying adobe to a modern construction could decrease the energy consumption by
6% to 19%. The results also illustrate that implementation of the courtyard technique
on modern construttons could theoretically reduce the lighting demand by 8% in all
locations. On the other hand, it signified a predicted increase in the demand for the
heating, ventilation, and air conditioning (HVAC) system between 9% in Jeddah and 11%
in Khamis MushaifThe reason behind this predicted increase in energy is because the
courtyard form is generally influenced by the climatic conditions of the region. In China
for instance, the size of the courtyard is reduced from the cold climates (northern) to
the warm dimates in the southern regions. The northern region has a larger area to
receive more solar radiation, whereas the southern region (warm climates) adopts
smaller and deeper courtyards to prevent the solar heat gdimkéria and Kubota,
2014) Therefore, he study of Alrashed (2015) designed for just 26ourtyard area in

a house area of 200fwesulted in increasing the energy in coldnwte of Khamis

Mushait city.

Also, the study oKrarti et al. (2020) used varis energy retrofit measures for three
typologies e.qg. villa, apartment and traditional house from different four regions across
the kingdom. The technology aspect of the study includes improving the building
envelop e.g. walls, roof, glazing, shading and provision of more efficient liglsteys

and cooling appliances. The predicted simulation results show that these measures
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reduce the annual energy consumption by 50%urthermore, a study oArafah (2022)
analysed the building envelope variables in an existing building in Riyadh cayitai
Saudi Arabia. Measuring its effects on the energy consumption and the cooling loads,
following ASHRAE 962D19 andLEED guidelines. The researcher has used computer
simulation such as REVIT software and the Hourly Analysis (HABjudyheonclued

that by altering the wall thermal resistance, window thermal transmittarscéar heat

gain coefficient, windowo-wallratio, building orientation, and sun shading devices, the
building envelope could sax@imulatively 9.91% of energy consumption argd2®6 of

energy load.

All above analysed Saudi studies relied solely on technological aspect of the building as

well as the simulation predictions to propose the study findings. This dynamic modelling

does not reflect the reality of housing performance, wever; it is based on

F LILWNBEAYIFGA2Y  FNRY @SN 3IS RSTFlLdzA G Gt dzS
(Stevenson, 2019). A study Hyrahim and Alfraidi (2018vas conducted for low
AyO02YS 27F |-GhadalahhBudig 2lg0€pmeht fthat comprises 2Blsun

Saudi Arabia. The region is located in the northern part of the Kingdom. The study aim
gla (2 Ay@SadAaarasS GKS AyKFoAGLyGQa al Ga
development. The results from the questionnaire illustrated that inhabitahthe Al

Ghazalah development housing Complex of Hail were not satisfied enough with the

home units provided and required an urgent maintenance. The constructed units in this
complex had one prototype model that was applied to all the 250 units. As &,rtail

units had the same number of rooms withataiking into consideration the family size.

¢CKAA a0dzReé FTR2LISR + ljdzZryadAdGlrGABS F LILINEI O
2y GKS 0dzAf RAY3IQA T dzy Qikertite\other stugis mentdried & K 2 dz
above, it did not cover comprehensive Post Occupancy Evaluation (POE) methods such

as Building Use Study (BUS) questionnaire and usability questionnaire revealing a
significant research gap in the methodological approach to evaluating energy

consumption in Saudi Arabia.
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Thereis a number of international domestic energy studissch as the DEMAND
research centre in the UKargue that there is a gap in building energy performance
between what predicted and what is in use (€&gamHanssen anGeorg, 2018Palmer

et al, 2016; GranHanssen et el, 2017; GraRanssen2010; Majcen et al, 2013; Shove
and Walker. 2014 The body literature of these studies refer this gap to the
YA&ddzy RSNREGEFYRAY3 2F GKS AY KLl 0A didetipdi® LINT O
policy. Recent years have seen research increasingly addressing this gap, but
overwhelmingly this research has focused on European, North American and Australian
situations, leaving a significant research gap in understanding household erssrgy
situations like that of the Kingdom of Saudi Arablde next following section is
describing the definition of the post occupancy evaluation approach, benefits and its

role in this research.

2.5 Post occupancy evaluatiROE)

Post Occupary Evaluation (POE) is a stage of building performance evaluation
process, that evaluates the building after it is completed anhbited. POE is defined
I ahe Wrocess of understanding how well a building meets the needs of clients and
building occuparg. POE provides evident® a wide range of environmental, social,
and economic benefits. It can also address complex cultural issues such aty,iden
atmosphere, and belongifyy 0 ®Q16, p6x POEhasSSy ©@AS6SR | a LI NI
processandbi @2 6 K & S @I fdz2 1S4 WodzAt RAy3a Ay | &
0KSe KIFI @S 0SSy o6daAfd IyR 200dzZLJASR F2NJ 42 Y
The purposes of POE can be defined in two further ways. It is a direct approach of
evaluating the desighy examining the design innovations, design features for certain
group of occupants or the design process of a project. POE also evaluates the
AYKFEOoAGFYyGadu O2YF2NIx aldAaFlrOdAazys KSIfi
satisfaction, understanidg their experiences of a space and their subsequent

behaviour. On the other hand, the indirect approach of POE is to identify issues which

lwww.demand.ac.uk
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reveal functional failures or defects and the issues related to occupant control (Gill et

al, 2011). Post occupaneyaluation isconsideredas the final step in a cyclical process

of building life cycle. POE studies provide the knowledge feedback to improve a

0 dzA f R A y Tenditiod dgeNd¢lBag fo guide design in futprejects (Zimmerman

and Martin, 2001; Meiet al., 2009). Bordass et al. (2006: p11) described this type of

buildingl] y2 ¢t SRIS WFSSRolFO1Q a | LINRPOSaa 27FY
W éarning from what you are doing or from what you and others have done to

understand where you are and to inform and improve what you afedii (G2 R2 Q®

Feedback refer to reported information about the level of success (or failure) of e.g.
buildingtechnologies and other areas related to occupants e.g. their satisfaction. Also,
due to the valuable feedbacks that can be offered as an outcoma BQE study, in
which they can be beneficial for the RC developer in particular and for other developers
in general, to be considered in future or/and retrofitting developments in the same

or/and similar climatic region, as the housings demand is in @asgacross the kingdom.

Combiningpractice theory with Building Performance Evaluation (BPE) is useful to
bridge the gap that BPE presenBuilding performance evaluatiagnores the meaning
and habits that shaped by cultural beliefs and the societalds that create and define

housing needs (Stevenson,2019). &as, practice theory addresstss deficit.

2.6 Research gap

The literature reviewed highlights that there @slack of knowledge on what
underlies the causes of the energy demandbaudi residential sector e.gariations in
household energy use between houses that are the same and the gap between technical
predictions of energy use and the realities of household energy use. The review of
literature illustrates a number oBaudi eergy studies have concentrated on the
technical elements of the building, such as the fabric performance, thermal insulation,
and the integration of renewable energy sources. These studies relied heavily on
predicted energy consumption without taking intaccount the social everyday

practices. Alsothe literature review revealed that there is a lack of post occupancy
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evaluation studies to study domestic energy consumption in Saudi Ardibiare is a
growing number of building performance studies around World that show how social
practices play a significant role in the energy performance of buildings (Brown and Cole:
2008; GrarrHanssen: 2010

2.7 ChapterSummary

Thischapter has revealed that the building sector is a major contribtadrigh
energy consumption in Saudi Arabia which is significant proliéone than half of the
electricity is consumed by the domessiector. Thiselectricity is currently generated by
burning fossifuels in the Kingdom. Another factor resulting in hegtergy consumption
is the lack of mandatory energy conservation policies. Therefore, research is being
conductedto help minimising the energy demand and develop associated residential
design polices in the Kingdom. However, the literature review rigglyalemonstrates
that previous energy studies in Saudi have only focused on the technical and simulation
aspects as a mean to reduce energy demand. [if@eature review also revealed the
RSFTAOASYOé 2F aGdzRASAa | NP dzy Res and &latiorydk | 6 A G |
that with the actual energy demand, rather than as simulated, revealing an important
NB&aSFNOK I L ¢KAE addzRe Ayg@SaaadalrisSa GKS
the energy demand in Saudi dwellingspractice theory apprad helps to provide rich
analysis of everyday practices in homes, which is fundamental in order to comprehend
the various levels of energy consumptiofhere is a need to investigating and
dzy RSNEGF YRAY3I GKS NBw knBvedge dafd teBndzigemgr & = | Y

with energy technologies makes to the energy demand in Saudi homes.
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Chapter 3Researclibntext
3.1Introduction

This chapter begins with an overview of the background of the research context,
e.g. climatic data of Saudi Arabia and its asttiire. It also discusses the sustainability
initiatives that Saudi Arabia has implemented to a response to the high energy demand
in domestic buildings and others. Although, the effort towards reducing energy demand

has begun, future challenges that tkengdom of Saudi could face are explained.

3.2 Climatic characteristics of Saudi Arabia

The climate of Saudi Arabia varies frome region toanother Figure3-1). Since
the Kingdom of Saudi Arabia falls on a latitude of between 16 and 32 degreestherth,
number of hours of sunshine that the country receives is very large in the summer; from
twelve to thirteen hours and six to eight hours in the winter ébal2012). The summer
starts in March and winter begins in October or November. Due to the various
topographic features of Saudi Arabia the weather differs in different areas of the
Kingdom. The climate is classified into three zones hot and arid, hothandd,
moderate(Alwetaishi, 2019)Three cities centraRjyadl), CoastalJeddah) an&outh

Western(Abha) have used to demonstrate the climatic zones of each regairig3-1).
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Figure3-1Geographical topography of Saudi Arabia (Alw&tgR019

Table3-1 Characteristics of the Climatic zones (Albogami and Boukhanouf, 2019)

Regions Central Coastal South
Western
West highlands (>2000 m

Climate zones Dry and hot Hot ard humid Moderate climate
city Riyadh Jeddah Abha
Average annual temfC 24 23 17
Average January Tenig 13 12 11
Average July Tenfic 33 32 22
Average annual rainfall mm 95 91 539
Average January rainfall mm 13 17 97
Average July rainfall mm 0.4 0.1 27

Some parts of the country receive scant amounts of rain in winter and spring, with more
in the SouthWestern Highlandsgven during the summerThe coastal region which
classifies as semitropical, and the humidity during the summer is veryMigkel and

Shoup, 2009)Table3-2, Table3-3 and Table3-4 showthree cities, representing each
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region: Riyadh is the capitaity of Saudi Arabia in the central part of the Kingdom
(central region), Jeddah is on the Western Coast (costal region), Abha is located in the
South West highlands (Soutestern).

Table3-2 Average Mitmum and Maximum Temperatur@sthree Different Saudi CitigdNational centre for
meteorology 2019)

Riyadh Jeddah Abha
Months MIN MAX MIN MAX MIN MAX
January 6.9C 20.1°C 18.2°C 28.9C 7.7°C 19.5C
February 9.3C 23.C 17.9C 29.£C 9.3C 20.9C
March 13.2C 27.7°C 19.C 31.C 11.1°C 22.8C
April 18.£C 33.3C 2XC 34.8C 12.°C 25.1°C
May 23.4C 39.4£C 24°C 37.1°C 14.89C 28.£C
June 25.3C 42.6C 24.8C 38.°C 16.6C 30.8C
July 26.£C 43.7°C 26.£C 39.£C 17.1°C 30.58C
August 26.¥C 43.7°C 27.3C 38.7°C 16.7°C 30.4C
September 22.9C 40.6C 26.C 37.6C 14.9C 29.4C
October 18.2C 35.8C 24°C 36.6C 11.£C 25.9C
November 13.C 28.1°C 22.1°C 33.2C 8.8°C 22.8C
December 8.4°C 23.C 19.9C 30.C 7.2XC 20.7°C

Table3-3 Monthly Mean Total of Rainfailh three Different Saudi CitigdNational centre for meteorolog019

Months Riyadh Jeddah Abha
January 16.6 11.1 16.8
February 9.2 3.2 21.5
March 21.8 2.5 455
April 26.3 2.4 48.3
May 6.0 0.2 24.8
June 0.0 0.0 8.0
July 0.0 0.2 15.5
August 0.0 0.5 255
September 0.0 0.1 5.6
October 1.2 1.0 4.0
November 13.0 23.0 4.8
December 9.2 114 4.7
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Table3-4 Monthly Meanhumidityin three Different Saudi Cities (National centre for meteorol@f)4,9

Months Riyadh Jeddah Abha
January 41% 59% 64%
February 30% 60% 57%
March 24% 59% 52%
April 20% 57% 52%
May 14% 55% 51%
June 10% 55% 43%
July 11% 56% 50%
August 12% 62% 65%
September 14% 66% 56%
October 18% 65% 51%
November 35% 63% 62%
December 44% 61% 63%

In some parts oBaudi Arabigextreme temperatures above 48&e commonduring
the summer.However, the émperatures are comparatively low in the southern region
and thisresuts in a pleasant summeHumidity is high orthe western coasteastern
and mountain regiongll year rounddue to the geographical locatioMoreover,the
north winds bring sand storms from the northern deserts. This wilsdstrongest in

February and Marh.

3.3 The architecture of Saudi Arabia

This section explains an overview of the two types of Saudi architecture;
vernacular and contemporary.Thevernacular architecture in Saudi Arabia is different
from one region to another.However, duing 1960s the adoption of modern
technologies and urbanization, most Saudis have moved away from these sustainable
vernacular traditions and lost functional relationships with them (Babsail and

AlQawasmi, 2014).
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3.3.1Vernacular architecture

Saudi Arabia is divided into four regions depending on the climate and the
responsive vernacular architecture style and materials. For example, the Central and
northern region is called Najd region, hariddry in the centre of the country. The Hijaz
regionis located in the western part, a hot humid coastal plain along the Red Sea. The
eastern region, is a hot humid region along the Arabian Gulf. Finally, Asir represents the
southern region, a high mountainous province to the southwest side (Ishteeaque and

Al-Said 2008).

Najd (central) regionHigure 3-2), the Arabian Gulf regioriFigure3-3) and northern
region, arecharacterised by a courtyard in the centre of the house, with two individual
entrances at opposite sides of the house for gender separatioraduttion, the
courtyard is advantageous for ventilation and dayligbpenings within a courtyard in

the centre of the houseRjgure 3-2), do not omit the direct sunlight into the house, and
allow the indirect néural light with natural air ventilation in the hous&his also creates

a safe play area for the family, especially for children under the supervision of their
parents. All the rooms are arranged around the central courtyard and have small

windows.

Figure 3-2 Vernacular Argitecture Style of Najd Regiobama Ahamawi 2021)
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Figure3-3 Vernacular Architectwr Style of Arabian Gulf regioArab News2019)

The Hijaz regiomouses, in contrast, comprise two to five stori€sglre3-4). One of

the traditional Hijazi houses feature Roshan wooden balconies or windows that are
decorated with ornamental carvings that sometimes extendraeyeral storiesTaleb,

2012) These windows are allocated towards the north and west to obtain natural
ventilation from the northern wind and western sea breezes without affecting the

NB a A RSy (i Figare3t9NAHAUraBem (2008, p.16) defined 'Roshan' @ old
GSN)Y dzaSR FT2NJ I $22RSY LINR2SOUSR G6AYyR26
Mashrabiya in Egypt and North Africa.
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Figure3-4 Vernacular Argitecture Style of Hijaz Regi¢world Heritage Conventiom.d)
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Figure3-5 Roshan Windowf Hijaz Regioi(Trilivas 2021

The Southern regionF{gure 3-6) hougs comprise more than 4 floors with small

windows for privacyand relatively small area of about 108rgAbu-Ghazzeh, 1995).

Moreover, the traditional houses are painted internally, externally, and around the
GAYR26Q FTNIYS Ay 0N Bdfigis a@Fdra?rdefé oA G K IS2YS
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Figure3-6 Vernacular Architeture Style of Southern Regiorrdd News2022

The construction materials vary from one region to another due to the climate
conditions. For instance, the vernacular architecture in Hijaz regiasctsire with
YIaaAgdS O2N}ft adGd2y Sz f FigureB-1).DueQd thefs@thessW! | 2 | |
and porosity of coral stone, walls have been reinforced horizontally by wooden beams
(Figure3.8) (Allyaly, 199). The floors and roofs were structured with timber boarding

fIAR 2y ¢622RSY 22Aa40ad ¢KS (eSS 2F 622R dz
The main construction materials of the eastern vernacular architecture are coral stone,

mud, and wood (Balasl and AlQawasmi, 2014). Roofs were constructed with palm

trunk and tamarisk branches used to make the roofing podsa, 2014) Tamarisk has

the ability to expand and shrink with changes in weather and resists cracking (ibid). The
traditional constriction materials in the central region (Najd) was mud bricks by mixing

mud, water, and strawHRigure3-9). Also, mud was used as a plastering material for

internal and external walls (Facey, 1997). External wadlgthick, about 580 cm to

perform as highly effective insulation from excessive heat in the summer e.g.-the u

value of 60cm mud wall is 0M/m?K. In the southern region (Asir) the traditional
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housing materials were stone, mud, and woddglre3-10). Arundo donaxrees were

used as frequent roofing materials (Samir et al., 2018). The use of thick mud walls keeps
the temperature of the house warm during winter and cool during summer, this act is
also achieved in some modern buildings throughuiation (Susilawati and Al Surf,
2011).

Figure3-7 Hijasz Region building matals Coral (hajar al mangaby) (Nya018

Coral stones

Mud mortar

Qandal logs

Figure3-8 Hijasz Region blding materials wall structure (Alyaly,1990
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Figure3-9 Najd Region Building Materials (Mortada, PI016)
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Figure3-10 Asir Region BuildinMaterials Stone and Mud WalA{taledi n.d

3.3.2Features of contemporary architecture

Modern residential buildings in Saudi Arabia can be divided into three main
types: apartment complexesvillas, and highise residentialbuildings Figure 3-11,
Figure3-12, andFigure3-13). The apartment complex in Saudi AraisigalleddEmaralif
in Arabic; it typically contains two to five floors. This type of builésngreferable for a
specific Saudi class in society; those who cannot afford to build their own houses.
Usually the ground floor of the apartment complex is used for retail purposes. Secondly,
the villa type of residence is preferred by the high clasSandi society and comprises
a maximum of two storey«/illas became a symbol of high status in Saudi society when
the Arabian American Oil Company (ARAMCO) and Saudi government constructed villas
to accommodate their employees 1950s, in the eastern prwiof Saudi Arabia. Their
employees were considered to be from the high class of societhgthloul, 1981,
Akbar, 1998; Alharkan, 2017hevilla has a courtyard with a fence around the villa to

ensure privacy for the resident. The high rise type oidestial buildings usually can be

a7
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found in areas that are experiencing high density of population, including large cities

such as Riyadh and Jeddah.

Figure3-11 Typtal apartments in Saudi Arabia (Arab Ne2820
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Figure3-12 Typical illa in Saudi ArabieSusie of Arabig2020)
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Figure3-13 Typical high residential building in Saudi Arabia (Susie of A1)

The largest construction sector in the Middle East can be found in the Kingdom of Saudi
Arabia Al-Nagadi, 2010)Due to the availability of construction matals and their cost
effectiveness, the main Saudi residential buildings materials are reinforced concrete for
the floors and interal andexternal walls Eigure3-14) (Lasker, 2016)Some buildings

use metal to support the structure. For the facade facing bricks, plaster, stones, glass or
marble is used. Wood is used sometimes for windowsiatetnal doors but not utilised
structurally in the building framewogk The most popular material for window frames
and external doors is aluminium. Furthermore, gypsum boards are sometimes used for

the interior partition walls (Taleb, 2012).
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Figure3-14 Buildingconstuction in Saudi Arabia (TalebQ12)

3.4 Sustainabilitynitiativesin the kingdom of Saudi Arabia

Due to the rapid economic growth and populatiortrease, there was a sharp
expansion in Saudi electricity consumption from both the buildimg industrial sectors.
The lack of energy efficiency standards and regulations for residential buildings has

made the rise in Saudi energy consumption (Krarti et al, 2017).

Recently, controlling energy consumption have been afgodhe government of &udi
Arabia (vision 2030, 2016)he desert climate of Saudi Arabia is distinguished by its high
temperature most of the year (May to October), from this climatic circumstance, the
importance of building codes hasnerged to assess building performance aoudtain

0KS O2dzy U NE Qa Afafahj202pl £ NB & 2 dzZNDOSa o

Recently, the Saudi government has taken strong measures towards improving energy
efficiency. It has introduced several strategies to increase energy efficiency and to
control the CQemissions (Alkraidy and Azzam 2019) sarted by increasing the price

of local fuel for industrial firms in orddo use energy efficient technologies (Matar

51



2016; Alardhi et al, 202D Moreover, The Saudi Building Code (SBC) was formulated
based on the Internationdtnergy Efficiency Code and the American Society of Heating,
Refrigerating, and Air Conditioning Engineers (ASHRAE). It involved technical guidance
and specifications that define the minimum construction standards for buildings. Other
Saudi governmentabhitiative is the Saudi Energy Efficiency Centre (SE#E@hwas
created to rationalize the production and consumption of energy in order to increase
6KS SySNHe STFFAOASyOe Ay GKS YAy3IR2YZI G2 L
the economy ANational Energy Efficiency Program (NEEP) was founded to discuss the
energy demand issues by developing various energy efficiency and conservation
measures that target the residential, commercial, and industry sectors (Alyousef &
Varnham, 2019).

Furthermae, the Energy Efficiency Registration (EER) established the energy efficiency
label for electrical appliances to educate the consumer. The label is attached on the
electrical appliances such as aonditioners, refrigerators and other, it includes
clarification of the appliances' performance as showirigure3-15. It was intended to
ensure that the energy efficiency of each product is documented. The label helps Saudi
consumers choosing the most efficient device from (A) degree tdehst (G) (Saudi
standards, 201p In addition, it will contribute to ratinalize the electricity consumption

on the country and the consumer, which leads to reducing the burden of monthly
expensesAstudybyOuda et al (2017) conducted survey to assess the public awareness
2y SYSNHE& O2yaSNII A2 yuse efidRgy éffsiant dpiighcesiQ o A f
their houses.The respondents were askedtlfey would check the appliances energy
efficiency label before purchasing, it was found that 48% of participants are not looking
at the labels before purchasing a product. Wheese52% of the participants said they

do pay attention to the label before purchasing. The study reported that these findings
highlight the need for additional work to increase the average Saudi consumer

awareness for energy conservation.
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ENERGY EFFICIENCY LABEL

830250 Ll ol CAAngol Loasu el
Saudi Stancards, Metrology and Quality Org.

Removing, covering or altering this label before sale can subject you to legal llabliity

Figure3-15 Saudi energy efficiency label (Saudi standa2649
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3.5 Sustainability challenges in Saudi Arabia

There are some challenges of sustainability in Saudi Arabia such as the public
awarenessnecessary for energy preservation practices in the kingdo#.survey
undertaken by Alshahrani et al (2018), slemirmhat 66% of the respondents never shut
down their ACs when thelgavehome, while 22% of occupants usually close off their
ACs and the remaining 12% fall between these two extrertigs.stated that63% of

participants set their AC thermostats to betere 18Cand 20C

Due to the hot extreme climate of Saudi Arabia, the external temperature can reach
50°C therefore, a significant amount of energy issed to keep buildings cool and
comfortable.lt is reported in the housing energy survey by the S&atieral Authority

for Statistics, window air conditioners constitute the highest proportion (71.3%) of
cooling/heatingsystems used in Saudousing (General Authority for Statistics, 2019).

This result indicates that majority of Saudi homes still relyinghe use of AC window

units and are still available on market due to its effective c&saifi and Howarth,

2020) The Saudi energy efficiency centre (SEEC) (2013) reported that central AC and
split ACs are more energpfficient than ACs installed imvindow units and could reduce
energy consumption levels by 48%Furthermore, the study ofDuda et al (2017)
NBLI2ZNILISR OKIFG GKS LI AFyOSa dzaSR Ay (KS
according to energy efficiency label, such as refrigerator,5®%n 72.7%, washing
machine 68.2%, dryer 76.3% and dishwasher 81.8%. In term of the type of lighting
system, the respondents were asked about their knowledge and the type of lighting
used in their dwellings. The study illustrates that the participaespond no answer to
different types of lighting e.g. 72f#tiorescent tubes79%CF|.6 1%L EDand 95%motion
sensors which represent the low awareness of the respondents towards efficient
appliancegOuda et al, 2017)The study highlights thenergy effciency programs must

be accelerated and promoted by governmerior example, by focusing on educating

the consumer through SEEC and media, schools, universities and even mosques. It will
be valuable to educate the children abdbe energy efficiency anddd it to the school
curriculum (ibid).
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3.6 Chapter Summary

This chaptelthas explainecan overview background of the research context,
e.g. climaticzonesfor each region irSaudi ArabiaThe climate is classified into three
zones hot and adi, hot andhumid and moderateSelecting tiree citiesto represent
each region in the kingdom. Also, an overview of the architectures in Saudi Arabia such
as the vernacular and the contemporary in terms of the design and the building
materials. It also dscusse®iow Saudi Arabia responsé¢o the high energy demand in
domestic buildings and otherby creatingvariety of the sustainability initiatives.
Although, the efforttowards reducing energy demandiiture challenges that the
kingdom of Saudi could fa@nd need to be addressesiich as public awareness and

availability of AC window units on the market and its cost
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Chapter 4Research methodology
4.1 Introduction

Thischapterof the thesisstarts with explanation of the research design and the
rationale for using it. The type of research methodology was employed in order to
I OKAS@®S (KS NBaSIFNOKQa FAY FyR 202S00A@Sa
discusses the sampling, the mixed methods used for data generation, and the
approaches emplyed for analysis. The chapter discusses the pilot study that conducted
for calibrating the sensors that used in the environmental monitoring metliaagally,

the chapterpresents the ethical considerations of the carried out research.

4.2 Research design

A case study is adopted as the research design be¢has®ture of this research
is exploratoryAsDNJ @ o6HnnnyY LdmMHnO &G GSRutdd/td &S &
SELX 2N} 02NE NBaSINOK 6KSy W wKz2a; 2N W
O2y GSYLIRNINRB &St 2F S@gSyita 2O0SAthse KUdOK (KS

provides an excellent means for interrogating problems in depth (Yin, 2009). In

I RRAGAZ2Y T | @gARSte@& dzaSR RSTAYAGAZ2Y Aa (Kl
investigates a contemporary phenomenon (the case) in depth and within itswedd
O2Y S EXNYS HAMNE Lidmc O P ltazs | OF&asS &aiddzR

strategy for doing research which involves an empirical investigation of a particula
contemporary phenomenon within its real life context using multiple sources of
SOARSYOSQd Ly GKA& atdzReéxr (GKS LKSy2YSy2y
aa20AF GSR ¢gA0K GKS dzy RSNIF 1Ay 3 2WorldS @S NER
context is tle Saudi domestic setting.

According toThomasé H n MM Y cdsép siudieszare #nalyses of persons, events,
decisions, periods, projects, policies, institutions, or other systems that are studied

K2t AaGAO0Fft& o0& Z¢sh striNdes¥archids toYgain KitiRan@ ©

detailed understanding of what is being studied and analysed, whether one case or
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multiple cases (Thomas, 2013his approach is appropriate for the research since the

data analysis will be combined together (Yin, 2009).

Jubailind@ G NAFE / AGE O6WL/ O ¢l & dzZaSR +Fa | aArxy3f ¢
2006). Jubail Industrial City (JIC) is an unusual case study because the residential
buildings in the city were built to Royal Commission (RC) standards and internationally
adopted regulations, unlike all other cities in the kingdom with the exception of Yanbu
Industrial City (YIC) that also run by the RC. Case studies may not be suited for broader
statistical generalizations; Stevenson (2019) argues that even a singlstgdgef one

home can validate a building's performance if it provides insight into key issues for the
housing sectorThe scope of the research focused on Saudi domestic buildings. The
investigation and exploration of this empirical study in JIC exawpitine building
performance related to energy and indoor environment of existing Saudi homes may

help the RC develap to improve its approach (section 7.5.1). The design of the case

study was cases (12 homes) within a case (JIC), and the cases waszlshletigh the
ay2¢olftAy3a GSOKYAldzS® ¢KS FAYRAy3Ia TFTNRY
considered in relatioio any other similar housing developments in the same climatic

region or similar climatic regions in the Kingdom of Saudi Arabiadditi@n, the RC is

LX FyyAy3 (G2 02y adNUzOGY RR2ANNEEA (1A YR 0 WWIE IRAY A &A Yy
the future, for which this study will be useful. It is worth mentioning that the study had

recognition and support from the RC.

Although thee are benefits of case studies that have been discussed abokigh is

also evidenced ithe large amount of research studies using the case study approach,

this research design has been criticised by some for its bias towards verification, for its
weaknessn allowing generalisations and its lack of scientific value (Campbell & Stanley,

1966). In contrast, proponents of case study research, such as Flyvbjerg (2006), argue

that the perceived weaknesses of such methods are misunderstandings or
oversimplificaions about the nature of the research. Flyvbjerg presents in his paper of

0KS WTFAPS 02YY2y YAadzyRSNEGFYRAYy3Ia 2F Ol &
misunderstandings in turn. He argues that a case study is a valid and important method

for socid enquiry as it takes into account conteépendent knowledge, which is an
AYGSAINIE LINI 2F KdzYtry +F¥FFFANBRQD® IS faz N
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element of good narrative which best captures the complexities and contradictions of

red life.

4.3 Case Study contextual data

Jubail industrial city (JIC) is located in the Eastern province on the Arabian Gulf
coast ofSaudi ArabiaHigure 41), and it was chosen ascase study (Research design).
Jubail industrial city was developed by the Royal Commission (RC). It is a Saudi
organization that was established as per a Royal Decree in 1975. This organization acts
as the governor and the policy maker in the ciurthermore, Jubail industrial city has
eight residential areas in which three areas are existed and the rest aneefrgsidential
areas (Figure®). Moreover,W! f uRNM-K < | NBI g1+ & OK2aSy o6SOId
homes (Figure43). Jubail Industrial CityJIC) is an unusual case study because the
residential buildings in the city were built to Royal Commission (RC) standards and
internationally adopted regulations, unlike all other cities in the kingdom with the

exception of Yanbu Industrial City (YIC) thigo run by the RC.

In terms of the weather, generallyith the exception of the province of Asir on the
southern region, Saudi Arabia has a desert climate characterized by extreme heat during
the day andaveragetemperature reach up to 39.6 °@nhd theaverage temperature
drops at night reaching 31°6(Peerbocus at el, 2020)ukhil Industrial City (JIC) has a
hot and humid climate. The average annual rainfall is 88 mm, typically with heavy rains
occurring between November and January. There is cerslle variation in
temperature and humidity. The heat becomes intense shortly adtarrise and lasts

until sunset. In the winter, the temperature rarely drops below 0° C, and the high winds

chill factor make a quite cold atmosphefEable 41) (Royal Commission, 2019).
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Table4-1 Case study weather (Weather station da2821)

16.1 17.5 22 28 34 35.4 37 39 34 27 21 19.3

66.7% 64.6% 52.9% 43.3% 37.3% 43.5% 44.3% 45.9% 52.8% 56.5% 64.7% 66.6%

27.5 29.6 34 37.4 43.9 46 47 49 45 39 31.7 29.5

89.5% 89.4% 90.5% 85.7% 71.9% 76.6% 82.2% 83% 86.1% 90.2% 92.9% 99.2%

8.9 10.8 11 22 23.8 27.5 28.5 30.8 25.3 22 17.5 9.8

10.6% 253% 7.2% 7.8% 72% 7.5% 6.7% 11.7% 11.5% 11.7% 32.3% 15.6%

11.39 11.37 12.20 1245 1348 1347 1339 1241 1222 1145 10.37 10.30

4.4 Sampling

Samplings a selection of individuals from within a population or a group in order
to form an understanding of the research problem and phenomena at study (Robson,
2002: Creswell, 2007: Barbour, 2007T.he aim of this study was to obtain insights into
the phenorenon (Ishak and Bakar, 2014)esfergy consumption in Saudi housing, not
to generalize to a populatioriTheaim in this study to select homogeneous sampbiig
the case studiesi 2 KSf LJ F20dzaAy3d 2y dzyRSNEGIF yYRAY 3
practices The selectechomogeneous samplegere identical in terms of the house size,
typology, building construction, number of bedrooms, floors and energy sy&tagare
4-4); in which made the study more meaningful to focus on different social practices.
The sampe identified some diversities in terms of e.g. household sizes, and house
orientations {Table4-2). The sample size for any particular research should involve the
consideration issues e.g. the nature of the research questions and the resource

availability (Sarantakos, 2013; Saunders et al, 20@@ku et al, 2016)The sample of
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this research ray considered as a small number (12 Saudi dwe)lingg the sampling

size of this research allowed searching for a deeper understanditi;egghenomena

rather than breadth,particularly when the research was undertaken under a-non

positivist paradign{Boddy,2016; Vasileiou at el, 2018).

The sample were selected through the usesmwdwballing This techniques extensively

used inqualitative research when the population is hamreach or hidden

(Simkus,2023)Participants can identify a new poteiad participants or subjects$t was

sent an electroniguide to the potential participants explaining the study and the

purpose of it and the methaglthat will be used(Appendix 1)When the participants

were agreed to participate in the study consentrfte were sought (Appendix 2).

Table4-2 Sampling characteristics

Participant
code

PO1

P17

P04

PO5

P08

P10 | P11

P12

P13

P14

P15

P16

House size

400n?

House
type

Al

Number of
floors

3 floors

Number of
bedrooms

5 bedrooms

Energy
system

HVAC

Family size

House
orientation

South

North

North

North

East

North

North

North

West

West

West

west
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4.5 Data collection methods

Post Occupary Evaluation (POE) approach that involves mixed methods was used
to conduct this research. POE can inform future projects, by providing
NBEO2YYSYRIGAZ2Y A F2NJ FdzidzZNBE NBGONRUGGAY I LINE
feedback (Gill et al, 2011; Li at, 2018). Mixed methodsesearchis when the
researcher collect data through using quantitative and qualitative approaches
(Tashakkori & Creswell, 2007Also, itis more than simply collecting and analysing both
types of data, it provides strength the research and it is greater than either qualitative
or quantitative research (Creswell, 200T).has been used as a useful frame for
interdisciplinary research, offering researchers the best chance of fulfilling their
research objectives (Johnson & Quegbuzie, 2004), and this was the rationale of using

mixed methods. The robust mixethethod approach provided complementary data in
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this research. The thesis attempts to answer a set of research questions, which are
interdisciplinary and they involve ¢huse of both quantitative and qualitative enquiries.
The mixed methods were used to achieve the research objectives such as indoor
environmental monitoring, home walkthrough, document review, building sisely
questionnaire, usabilitguestionnaire, andnterview (Table4-3). The following section

is explaining each of the research methods in details with the rational of its use.

Table4-3 Methods used to achievesearch objectives (Auth@020

Research methods

Research objectives Document Home Environmental BUS Usability Interview
Review  walkthrough monitoring Questionnaire Questionnaire

Identify how much n
energy has been

consumed in a

selection of egulated

homes

Evaluate how a n n n n
selection of regulated

homes are performing

in relation to thermal

comfort.

Understand the n n n
usability of

environmental control

interfaces of selected

regulated homes.

Explain the influence n n n n n
of inhabitant

everyday pratices on

energy consumption

and the indoor

thermal environment.
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4.5.1Indoor environmental monitoring

The monitoring of buildings can enhance the understanding of everyday life. It
usually provides context e.g. differences in penicng practices and help to diagnose
problems (Foulds et al, 2013This empirical studwas collaboratively conducted with
inhabitants by placing the measurement tools internally to measure their indoor
environment by using specific tools. The reason iforolving participants of e.g.
downloading the app for the smart sensors and placing them in the places that needed
to be measured, was due to the Co\dil pandemic, when methods had to be
conducted digitally. The tools were sent to the participants wektricted Coviel9
instructions that need tdollow (Appendix 3. Alsqg participants were provided with
instructions in written document and video on how to download the apmy to use
the tools and how they work and why these tools are being wmstihow to send the

data monthly.

The smarsensor Figure4-5) is a tookthat measures the indoor dwelli®environment.

It includes indoor air temperature, indoor relative humidity levels. Twelve homes in the
study placed 4 of smart sensors each to capture all orientations: one in the living room,
one in the guest room, one in the main bedroom and the last one was in bedroom2 (a
bedroom located in the second last floor). The participants placed the sensors away
from any heat/cold sources and direct sunlight. Within a height of 1.1 m and 1.7 m and
100¢500 mmaway from the wall to not be affected by the wall surface temperatures,

in accordance with ASHRAE (2017), ISO 7726 (2001) and others e.g. (Dartevelle et al,
2021) and (Stevenson, 2019). The measurement data will be combined with the other
research method order to identify the thermal comfort, understand and explain the
AYKEFEOAGEYGQa LINT Ol AHa®sem 2014) i© GreigyRconsdnption2 D NJ
studies, it is preferable to combine socsience approaches with actual

measurements.
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Figure4-5 Physical Environmental Measurements Tool. (Au2@20)

4.5.2 Documet review

Wolfgang Preiser expressed that gathering data analysis for POE is comparable
GAOUK | WR2O00G2NNa ySSR (2 OFNNE 2dzi I aSNI.
RAIFI3Iy2aS8S | O02YLX SE AffyS&aaQ esgndrawmgs addvTt n 0 @
construction detail specifications were gained but were not allowed to be presented in
this thesis due to its confidentiality. While the home user guide was obtained from the
participants when the home walk thorough was conducted. Aidrae user guide helped
AY dzy RSNEGlI yRAYy3A:Z SELXFAYAYy3 GKS AyTFfdzsSy
consumption and their experiences related to the usability of the environmental control
interfaces in their homes. Furthermore, understanding the reléwemed standards in
the RC homes e.g. ASHRAE helpesivwuateindoor thermal comfort of each homes

and compared it with this standard.

4.5.3Questionnaire

Two questionnaires were used in this researthe Building Use Study (BUS)
guestionnare and; the usability questionnaire. BUS is a method that is used in this
research and originally developed by Adrian Leaman (2005). The BUS questionnaire
provides feedback on the levels of occupant satisfaction within buildings which can be
used to creat solutions to improve the occupant experience and optimise building
performance Bordass and Leaman, 2009 his questionnaire evaluatsgveralareas

e.g.indoor air quality lAQ, thermal comfort, acoustics, lighting, design, headid
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energy consumptin (Cohen et al, 2010: Lollini et &2020)(Appendix 5) Itreveals the
AYKEFEOAGLIyGQa ySSRaszx alaraafroOodrzy FyR ARSY
translated in Arabic; it is a first time was used in Arabic cultlifes questionnaire

helpedto achieve the research objecti#e LIS NF 2 NY I yOS 2 F NB3IdzZ I 4GS
NBfFGA2Y (2 QO KSNXIE O2YT2NJI

The second quantitative method is the usability questionnaire, it is an inhabitant
centred diagnostic tool, used to understand the user contifahe system and testing

0KS (SOKyz2f23& LISNF2NXIYyOS Ay NBfFGAZ2Yy
controls supplier may know what a device is supposed to do, controllers provided for

those devices do not always make the device functions clet®6t SY R dza SN 0.
et al, 2007.p14fAppendix 4) One study examining the reduction of domestic energy
consumption through an inclusive interface design proj€drbe, 2012) usedsability

study of heating controls to focus on the issues experiencgdlder people. The

findings show a significant number of people over 50 years of age were excluded from

using heating control interface due to its complexity. The stelyeloped an inclusive

control interface prototype for heating. As a result, of thewly modelled prototype,

the energy modelling indicated that saving energy annually by 14%5%% can be
achievable The usability questionnaire covers different sections of domestic controls

such as HVAC system controls, renewables controls, boilertenvindows and doors,

electricity & and lighting controls, and emergency controls (BabeoskaNR d y & S |
2019).¢ KS O2y RdzOGSR dzal oAt Ale& KSfLISR | OKAS@S
FyR SELX FAYAY3I LI NIOAOA LN yiiilatQ GEVISNNB{SE OB -

their homes.

The BUS questionnaires were sent digitally to the inhabitants to complete via a link,
while the usability was handed to the participants to be filled. None of the
questionnaires were aiming for representativene$s study targeted to collect at least
200 questionnaires in order to be statistically meaningful. Since the nature of the
research is exploratory, there was no formal sample size calcul@olit and Beck,
2004). Twelve usability questioraires are gathred from participants who are already
involved in the studyo understand the environmental monitoring data in the context

of usability The study obtained a 100% return rate for both questionnaifée answers
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in both questionnaireare based om 1-7 sale (1: is unsatisfactory and 7: is satisfactory

for the BU$and for the usability (1: is very poor and 7: is very good)

4.5.4Home walkthrough

Home walkthrough is one of the research methods, and was conducted by using
the home tour guide ad the researcher took notes e.g. about issues with controls
(Appendix 6) The home walkthroughs were conducted after the interviews with
participants accompanied by photography e.g. system original, retrofitted controls,
general observations e.ghow paticipants used the spaceand informal short
conversationsAfter, the home tour finished the researcher collected the energy bills
from the participantsThe home walkthrough tours helped support the other data. For
instance, when analysindpe indoor enwwonment, it is found that one of the reasons
that may have contributed to increasing the indoor temperatur®@ie homewas the
use of freezer in the measured bedroom2 in one of the studied homes, this was not
mentioned in the interview but was observedirthg the home walkthrough.The

following section explains the methods used for analysing the data.

4.5.5Interview

Interviewing is a method used to collect in depth qualitative data and there are
several types of interviews which are widelsed in social science research (Jamshed,
2014). It is currently the most frequently used qualitative research method for
understanding the role of inhabitants in domestic energy demand (Osz, 2016). To
answer the research questions, sestiuctured intervieav was used to gain more in
RSLIGK AYTF2NXYIFGA2Y o2dzi GKS AYyKIOoOAGEFYyGAQ L
interviewer to pose particular question with flexibility to digress and investigate based
2y AYUGSNI OlA2ya KRukdidhayishd Staggenbbry, A0ONBIR)SIE Q 0
openended interviews follow the inhabitants more. Conducting qualitative approach

interviews can provide data on the understanding of kAmew (habits), engagements,
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attitudes, and feelings (Arksey and Knigb®11)(Appendix 7) Theinterviews took an
K2dzNJ G2 |y K2dz2NJ FyR | KFEF gAGK AYyKFEOAGLl Y
homes each interview was recorded and later transcribed. The researcher undertook
the transcriptionin person, and it was multiplésteningto the audio recordings was
carried out until the written texts were faithfully recorded of the words spoken. The
focus of the transcripts was on the words spoken rather than the way they are spoken
or the nonvocal behaviour (Braun and Clarke 800 The reason for listening multiple
times to the audio recordings was to eliminate as far as possibl##ietions, additions

YR &adz a2abzi ARy RQhhQ/ 2Aftef $his pracess waa dodd, ther O @
transcriptions were shared with the patpants to confirm that this was what they
meant to say Nlero-Jaffe, 2011) After, confirmation with the participant about the
transcription, the interview transcript was checked by the supervisor for accuracy, bias,

and advising on technique.

The aim 6 this research was to conduct interviews with many members of the
household (children excluded). The study obtained *8apth interviews and helped
achieve more iR SLJG K RI GF FT2NJ §KS NBXaSI NOK 202S00,

influence of inhabit y & S@SNEBRI & LINI OGAOSa NBfFGISR (2

4.6 Data analysis approaches and methods

As mentioned above that the thesis applied a mixed methods research approach,
that involved multiple sources of data. Thereforegitjuired a robusanalytical strategy
(Yin, 2014). There are two ways to relate the data collection to analysis e.g. a linear
sequential approach and an iteratie@proach (Kennedy and Thornberg, 2018). With a
linear-sequential approach, the researcher collected all tte#a and then started to
analyse. In this research the quantitative data were collected such as environmental
monitoring first for about 8 months then were analysed. Whereas, the iterative
approach, the researcher moves back and forth between the dateatmn and the
analysis. For example, after the environmental monitoring were analysed, some of the
interview questiongrelated to indoor environmentyere developed Timeline for each

research methodswvas demonstrated in (Figure@).
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Timeline for research data
Research methods 2021 2022

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

Ethical Approval (Obtained ethical approval, calibrated
sensors, and were sent to participants)

Environmental Monitoring Monitoring period (May -
December 2021) (from Jan-Jun Analysing numerical data in
box plots and line graphs)

Document Review (Obtained access to data related to JIC
homes and weather)

Ethical Approval (Obtained ethical approval, calibrated
sensors, and were sent to participants)

Building Use Study Questionnaire (BUS) (Translating, testing

and distributing)

Usability Questionnaire (Translating, testing and distributing)

Interview (after analysing environmental monitoring data,
interview questions were developed)

Home Walkthrough (after each interview home walkthroughs
were conducted and energy bills were collected)

Figure4-6 Research methods timeline (Auttk024)

In terms ofthe relationship between the theory and the data, the researcher used
theoretical knowledge to interpret and analyse the data. Therefore, social practice
theory was used as a vital analytical tool or lens in this thesis, this approach is called a
deduction The deduction begins with a specific existing theory and the collected data
are analysed according to an existing theoretical framework (Reichertz, 2007). Also, at
the same time the researcher was open to discovering new patterns, themes, concepts,
or theories from data, this approach is known as induction. The inductive reasoning
approach consists of inferring conclusions that emerged from the data through the
NBEaSI NOKSNEQ Ay idSNI Ol As@pposing uchi dutcoinésS privdi G |
(Thornbeg and Charmaz, 2014After describing the approaches that were used for
data analysis, the following section explains the methods used for analysing the

gualitative and quantitative data.
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4.6.1 Qualitative Data Analysis Methods

The qualitative data in this thesis were analysed by using the two cycles of coding,
drawing on Saldafia (2009). Coding is one ofsilg@ificant steps taken during analysis to
organize and make sense of data (Basit, 2003). Utilizing coding insircé helps to
allocate units of meaning to inferential information collected during a study (Gibbs,
2007). Codes are usually attached to vansimged set of words, phrases, sentences or
a whole paragraph. Looking for similarities, patterns and relatigps in order to
explain the research phenomenon (Saldafia, 2021). The two cycles of coding were

carried out manually due to the language that was used when gathering the data

The first cycle when the text was read, reread line by line and coded Urtgixawas

coded, adding new codes to what has already created. Each chunk of the coded text was
f2y3 Sy2daAK Wiz LINRPOARS &dzFFAOASYylH O2yGSE
LI a&aF38 o6& GKS AyOfdzaArzy 27T (8&8FE019.670)0K | F
Using too small section of the text would result in superficial coding, and using too large

an amount of the text would result in unreliable results, in both cases affecting its

validity (Krippendorff, 2013). The systematic and exhaustwing was crucial to the

gt ARAGE YR (KS NBftAFIOoOAtAGE 2F GKS NBaSIk N
RSAONALIAGS (GSNVAaQ OAOAROU® ¢2 Fdzf £ &8 OF LI dz
dza SR WaLl NAy3IfteQ +a | folaNBde chudkobdathimay ¥ O2 F
Wadza3sSald GKFIG GKSNB Aa y2 Of SFNI 2N ¥20dza$
FAECGSNI F2NJ | ylaha®@6pgld GKS RIFEGFQ o{F R
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Coding the data was done by using a descriptive coding method (ibid). Thisdrsth
RSAONAOSR a WYSIYyAy3d O2RARBQUAEAGBAYVAY QY
(Brinkmann and Kvale, 2018.p122). The second cycle of coding allows the researcher to
refine codes and categories that were created in the first cycle and thead useda

Wt FGGSNY [/ 2RAY3IAQ 6{FfRIFYIl HinemestRiguredp)d Ay 2|
Grouping similarities, differences and repetition of codes in order to create smaller
number of sets (Ryan & Bernard, 2003). In this study themes were dhgitie practice

theory and some were not and considered as inductive themes (en#&pt

HVAC
control /AC window
Electricity pansl units
’ sockets »

Controls

Ecobee
smart control

panel
“9’;""'9 building
Contiols materials
Technology
Indoor thermal comfort home
and home design layout

Themes based on \
Practice Theory
Elements

Figure4-7 Example of Themesbed on practice theory elements (Gritanssen 2010), stthemes and second
cycle of coding (Author,2024)



4.6.2Quantitative Data Analysis Methods

For the quantitative dataglescriptive statistics analysis was used in this thesis
to organise and summaridarge amounts of monitoring data (measurement lasted for
8 months in 4 measured rooms in 12 homes), allowing better analysis and interpretation
of those data (Triola, 2015). As explained by Thomas (2013, p.25Q)R S & ONJR LJ{ A
statistics are the simplificain, organisation, summary and graphical plotting of
y dzY S NA O. $omeaRrhethbd® &e used to analyse the environmental monitoring
data e.g. maximum, minimum, average, median and standard deviations. All these
numerical data were analysed using Exadtvgare and presented in boxplot graphs,
line graphs, and tables. The BUS and usability questionnaires are benchmarked and
used widely in research (section 3.5.4). The descriptive statistical analysis was
conducted also to analyse the questionnaires. glhestionnaire data were plotted and
analysed by using Excel software and generated graphs to show the percentages of
responses of each questions were analyg€thure 48). The descriptive statistics
analysis helped the researcher to organise and sunseaitie datawere then more
easily visualised, interpreted, and answered the research objectides.next section

explains the triangulation in this study.

Quantitative Data

Method: Using descriptive statistical analysis

AIm: to organise, SIMpiify and Summarise large amounts of data

¥ L4

‘Questionnaires Environmental monitoring

Showil rcentages Showing maximum, minimum,
.,,'zs‘:,,.,,s average, and standard deviations

to each questions

Using Excel presenting

box piots, graphs and tables

Figure4-8 Quantitative analysis method
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4.6.3MixedMethodsDesign

The mixed method design applied in this studgeiquential triangulation (Figure

4-9), consists of two distinct phases: quantitative followed by qualitatives most

common and welknown approach to mixing methods (Creswell &iano Clark2006).
¢KS LJzN1lJ22asS 2F GKAA& RS ampEnfentar@data énzhe gamel | A y
G2LIAOCE 0az2NBESTET MpdPMI LId MHHO G2 The$edmi dzy RS

triangulation refers that evidence can be collected from multiple sources (Rowley,

2002). For example, using more than one research methodswrceas to validate the

research findings (Kane & O'Redly Bran, 2001). Using many different sources of

evidence is a major strength of case studies (Yin, 2014). The benefit of triangulation is

that it strengthens the validity of the research findings6witz & Toole, 2010; Jick,

2008; Yin, 2014).

(a) What will the timing of the quantitative and qualitative methods be?

T T
e .
/ N,

AY
Concurrent |' Sequential }
timing \ timing /
\, 4
\~~-|_"/
,// T \\\
{Quantitative } Qualitative
v fi,st [/ first
N s

______

P |
/ Equal Unequal
|‘ weight |} weight
S\ /
N’ |
Quantitative Qualitative

emphasis

emphasis

(c) How will the quantitative and qualitative methods be mixed?

P L
’ -| So
4 \

AY

| |

4

| Merge 1 Embed Connect

\ thedata / the data the data

R | |

iy | |

I/ Merging Merging Embed Embed Quantitative Qualitative
I results \‘| data qualitative quantitative leads to builds to
! during ! during data in a data in a qualitative quantitative
\interpretation/ analysis quantitative qualitative
. A design design

*****

Figure4-9 Study decision tree for mixed methods design (adopted from Creswell 20aB,
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The purpose of triangulation that it can be used as a technique to reduce researcher
bias and improve validity (John turner,2016). Triangulation applied in this research due
to the use of mee than one methods to collect data about the same phenomenon
(Gerrish and Lacey, 2010). In this research data were collected using mixed methods to
achieve the study objectives. For instarite objective of the first part of the research

is to evaluatethe indoor environment of Saudi homes and their energy consumption.
This required the use of the physical monitoring of indoor environment parameters
(indoor air temperature and indoor relative humidity), Building Use Study (BUS)
questionnaire, participan interviews (e.g. their thermal comfort experiences),
document review (e.g. building constructiatetails and drawing¥ and collection of
energy consumption data from the participants (kwHmThe second part of the
research was to explain how inhabitdn) S @SNERI & LN} OGA O0Sa O2
consumption and understand their experiencesesivironmentalcontrol interfaces.

This type of enquiry requires the use of qualitative and quantitative research methods,

such as participant interview, home walktugh and usability questionnaire.

In this design(triangulation) the researcher first collected quantitative data and
analysed the numeric data. Then the qualitative data were collected and analysed. The
quantitative data was conducted first (e.g. emnimental data) then the qualitative was

due to develop some of the interview questiaiosexplain and elaboraten the analys

observed in the numerical dataThe rationale for using this approach is that the
quantitative data and their subsequent analy§ RS &aONA 6 Sa WogKIGQ |y
RIFEGEF FYR GKSANI ylteara SELXIFAY WgKeQ NB
LI NOAOALN yGAQ DASga AThenth? nddeardRes insirged tiietwe & & S f
data sets, typically by bringing the separatsults together in the interpretatioror
analysigFigure 410) (Creswell andPlano Clark2006).
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QUAN QUAL

Interpretation based on
QUAN + QUAL results

Figure4-10 Triangulation design (adopted from Creswell and Plano (2806

4.7 Ontological Standpoint

Although the mixed methods approach has been used widely in researches in
different areas(Sale et al., 2002there are someargumens against it.One of he
argumens is based on the idea that researchers who used mixed methods approach
should locate their research in a selected paradidgryhan, 2012).There are three
elements of the research paradigm, ordgl (the nature of reality), epistemology (how
we know what we know) and methodology (the process of research) inference how the
researcher views the world and they interpre{@oyle et al., 2009)In this thesis, the
ontology of pragmatism has been gated as the most appropriate paradigmatic stance
to be used when conducting mixedethods research study-{gure4-11). The logic of
enquiry of pragmatists includes the use of both induction and deductlohr(son and
Onwuegbuzie,2004)which in this research are adopted. The time horizons of
conducting the data in this research were crggstional for (questionaires, interview
and home walkthrough) and longitudinal for (the environmental monitoring)
Pragmatism originates from the work of Peirce, James, Mead, and Dewey
(Cherryholmes, 1992)Pragmatisthave believed in an external world independent of
the mind & well as that lodged in the mind (Creswell, 20P4agmatics recognise that
there are many different ways of interpreting the world and undertaking research, that
no single point of view can ever give the entire picture, and that there may be multiple
rel £ A @auldarSet al, 2012Jherefore, mixed methods pragmatic researchers adapt
both quantitative and qualitative enquiries because these researchers work to provide

the best understanding of a research problem (Creswell, 2014).
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Choices

According topragmatism research philosophy, thresearch question is the most
important deteminant of the research philosophyPragmatics can combine buot
postivist and interpretivisipositions within the scope of a single research according to

the nature of the research questisnPragmatism could be related to a world with
different layers, where some are objective, some are subjectiad some are a mixture

of both (Dewey, 1925)! & CSAf T SNJ 6unmnz LIy SELX | Ay S
contentious issues of truth and reality, accepts, philosophically, that there are single and
multiple realities that are open to empirical inquiry and orient itself towadving

LIN OGAOFE LINRPO6fSYa Ay (GKS NBIFf 209 RQD
SELX FAYSR F2NJ LN} 3IYIFGAaAaGa WeKIG Aac Y2ai
research methods should follow research questions in a way that offers the best chance
G2 200Gl Ay dza ST qefagmatisha focBNE dd daddressing yth® $esearch
problem and the necessity to answer the research questions, this research paradigm

was used for this studyHaving set the theoretical standpoint and the philosophical
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standpant, the next section describethe ethical considerations to conduct this

research.

4.8 Ethical consideration

As explained by Vanderstoep & Johnston (2009, p.12), research ethics deals with
how we treat those who participate in our studies andshwe handle the data after we
O2f t SOG ( K SootsdleratioksSfor $ig tesi® ivdre made according to the
University of Sheffield research ethics policyprtivides protection for participants, and
also helps to protect the researcher. All tiidical considerations were considered that
include the ethical approval process before eoling the research datainformed

consent, data protection, anonymity and confidentialijppendix 8)

4.9 ChapterSummary

This chapter has highhg¢ed theresearch design and the mixedethodsthat
are usedfor data collectiorhA y 2 NRSNJ (2 SELX 2NB FyR Ay@gSa
YR K2dzaSK2f RaQ Sy S NHembingtion|of quzftativeReth&ds f A y 3 a3
andquantitative methodslt also discussed the analysis approaches and methods used
to achieve the research aim and objectiveRhe results from using these methods were
used to understand the context and problems arising, as well as proposed
recommendations for the developer to impve current and future developments.
Thesamethods were particularlypeneficial for revealing problems thataycontributed
to highrenergy demand idomestic buildings ddaudiArabia. The chapter also provides
a conducted pilot study to calibrate treensors to ensure that the data gathered are
accurate and credible. Finally, the chapter described the ethical considerations of this

research.
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Chapter 5Research findingsn indoor environment
and energy consumption
5.1 Introduction

This chapter pesens the indoor environmental data such as the interior
temperatures and relative humidity levels of twelve homes for eight months, in order
to achieve the research objectisivaluatehow Saudi regulated homes are performing
in relation to thermal canfort and hav much energy has been consunfed ¢CKAA
objective was achieved by conducting environmental monitoring methods, energy
consumption bills, and building use study questionnaires (BUS). The cleaplaates
the seasonal variations of indoor tempa&tures and relatre humidity levels are

illustratedin box plots and line graphs

5.2 Indoor environment

Indoor temperature and humidity were monitored and collected from four rooms
in each house including the living room and guest room (Extan the ground floor),
main bedroom (located in the first floor) and bedroom 2 (located in the second floor) of
the twelve Saudi homes. The indoor design conditions in each of the studied four rooms
in the twelve homes are designed with ASHRAE inteynatistandard requirements for
indoor environment. In all studied rooms, the indoor design temperatures requirement
is recommended to be from 28 to 26°C in summer arficom 20°C to 23°C in winter,

and the indoor design relative humidity should be from 40%0%.

The typology of the twelve studied dwellings in this research are identical irstefm
the number of bedrooms, the layout floor plan, number of floors and the hozeBhe
difference between the twelve homes is orientation of the monitored mmoand the

family size (average, below the averaaged above the average} éble5-1).
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Table5-1 Case studgharacteristic§Author,2021)

Participant | PO1 | P17 | PO4 | PO5 | PO8| P10 | P11 | P12 | P13 | P14 | P15 | P16
code
House size 400n?

House Al

type
Number of 3 floors

floors
Number of 5 bedrooms

bedrooms

Energy HVAC

system
Family size] 5 4 6 7 3 5 6 7 4 6 4 1
House South | North | North | North | East| North | North | North | West | West | West | west
orientation

5.2.1Seasonal indooetperature

The boxplot graphs below show the seaabvariation in temperatures in four

rooms; living roomKigure5-1), guest room Kigure5-2), main bedoom (Figure5-3),

and bedroom2 igure5-4), respectively. The central line is the than for the whole
month, with the box showing the #5and 759" centiles. The outer whiskers demonstrate
the full range of the results. Due to issues with data downloads, a full set of data is not
available for all months, so not all buildings are showarg month. The living room
and guest room are located on the ground floor, the main bedroom located on the first
floor, and the bedroom2 located on the second floor of each home. The data presented
in the boxplot graphs were classified into three grolms variation (green), medium
variation (yellow), and high variation (red) based on the standard deviations. The
standard deviation of temperature that is less than and an equal 2 is classified as low
variation, the standard deviation of greater than @m equal to 4 is classified as high,
and the standard deviation falling in between classified as medium variation. From the
Jubail weather station data, it is found that there were variations in the outdoor

temperatures in March, April and May. Therefpitewas used May month (monitoring

started from May) to represent the weather transition period, when the temperatures
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started to rise from maximum temperatures 3in March and 37.2C inApril to reach

43.Cas maximum temperature in Ma¥rror! Reference source not founy.

In the transition and the summer periods, the indoor recorded temperatures were
above 22C for 75% of the time. The highest observed interior temperature of the living
room was found in R1Lin the transition period at 36°C with a lower temperature at 24°C
(Figureb-1). Thishigh recorded temperature found in this household's living room may
be due to the room orientations facirgputh and west. Téindoor temperature of this
household can be also justified by their practices, such as room occupancy (Chapter
The maximum indoor temperature of the living room in P04 during the same period was
not exceeding 27°C with the lowest indoor temperatua¢ 20°C. Although the
orientations of the living room in this household fem@uth and west, heat gain and this

also can be explained by their practices in this room (chapteFhe standard deviation

of the mean indoor temperature2@°C)vas found in P4 at+5.08in the summer season.

This can be explained by their occupancy of this room, their practices of using the HVAC
aeadsSy tS@gSts GKS O02ft2dzNJ GKIG A& dzaSR F2N
practices (chaptef7). Their living room'siigh indoor recorded temperatures can be
justified by the living room orientations facing south and e&kiuseholds 14 and 16
have the same orientations to P15 of their living rooms, but it can be seen there is a
variation in their indoor temperatures natxceeding 3%C (Figure5-1), which can be

explained by their everyday practices.

In winter, the indoor recorded temperatures excestl23°C which is thanaximum
recommended winter indoor temperature found in masftthe participants living rooms
(Figure5-1). This can be explaining by the effect of the living rooms orientations in P11,
P05, P13, P04, P17 facing e.g. (west & south), p14 and p16 (south& east) and PO1 (north
& east). Also, this could be due to the homes construction material such as concrete
(high thermal mass material) has contributed in creating warm indoor environment in
the living rooms, absorbing the radiations due to the windows are open during daytime
and release it at night. However, the lowest winter indoor temperature was noticed in
household 14 at approximately i@ (Figure5-1). Although the living room in this
participant home was facing more heat gain orientations e.g. south& east, this can be

explained by their practice of opening windows (chapf®r The lowest mean
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temperatures of the living rooms were found among ttedied homes ranged from

22°Cto24°C compared with the transition and the sumnseason Table5-2).

Seasonal variation of indoor living room temperature
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Figure5-1 Boxplots showing the seasonal variations in temperature of the living rooms. Each box reprt
monthlydata for each home

Table5-2 Temperature standard deviation [ifing roomin summer and winter

Participant P01 P08 P04 P05 P11 P13 P17 P10 P12 P16 P14
code

Room North North South South South South South South South South South
Orientation & & & & & & & & & & &

East West West West West West West \West West East East

Transition
period mean ~ 26°C 298 24.1°C 27.4°C 25°C 30°C  26°C 32°C  27°C 26°C  24°C

temperature +3.28 230 +1.68 +1.74 #2.00 384 20.94 395 092 042 +1.89
and standard

deviation

Summer mean

temperature 29°C - 235°C 26°C 25°C - 28°C  25°C  25°C 29°C  27°C
and standard  *122 +1.32 +158 #1.82 +1.87 +1.02 +1.15 *1.97 +362
deviation

Winter mean 22°C - 23°C  24°C  23°C 23°C 23T - = 24°C  24°C
temperature +2.32 +1.00 +0.82 +3.01 +0.90 +1.32 +0.60 +1.39
and standard

deviation
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The internal recorded temperature of all the guest rooms have low to medium
variations (Figure5-2) comparing to other measured rooms (e.g. living room, main
0SRNR2Y YR 0SRNR2Y HUO ¢KS LI NIGAOALI yiac«
its system e.g. use it when they are having guests (chaptand 7). The highest
standard variations ofhe mean indoor temperature (3@ was foundn P08 att3.33
among the three seasons. This can be justified by the effect of the m@ntation

facing east and north as well as their everyday practices e.g. using this room. The lowest
indoor main variabn of P12 and P14 in transition period and the summer season, at
10.41 andt0.40, respectively(Table5-3). This is low variations may due to their room
orientations facing north and west (P12) and south and west (P14), but also can be
explained by their everyday routine of e.g. using the room and the system there (chapter
6). Even in winter the guestboms hadminimal variations recorded in their indoor
GSYLISNI dZNBad CdzNIKSNXY2NBZ 6FNY AYyR22NJ 4GS
16 and 14 guest rooms at 25 and 26°C, respectivedlyigure5-2). The positbning of

their rooms, facing towards thevest and south, can be interpret in creating warm
indoor environment.Also, this can be explained by their practices e.g. not using curtains
on their guest rooms windows (chapté&}. Below 20C of winter indoor terperature

was captured in P17 for approximately 75% of the time, this recorded indoor
temperature may due to the room orientation that is facing north and west. Also, this
can be due to their everyday practices e.g. opening windows (chaptand 7).
Maximum indoor temperature during winter season was found in P127&€C, this may

due to the room orientations facing south and wébktgure5-2). The lowest standard
variation of indoor mean temperature (24°C) wasirid in P16 ai0.42. this may due

to the room orientation facing south and west as well as the participant everyday

practices e.g. using the room, heating practices (chaptand 7).
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Figure5-2 Boxplots Bowing the seasonal variations in temperature of the guest rooms. Each box represents
monthlydata for each home

Table5-3 Temperature standard deviation of guest room in summer and winter




For the main bedroom, the highest recorded indommperature was found in
household 15 at approximately 40 in summerThe west facing main bedroom window
may have contributed to the high recorded interior temperature. Also, other practices
may increase this e.g. their routine of using the HVAC syatehthe use of dark colour
curtains (chapter7). However, the highest standard variation of the main indoor
temperature was found in P15 in summer season at +5Athough participant 14 has

the same facing orientation as P15, but it is found lower rded indoor temperature

than P15 and the maximum temperature reached°@{Figure 5-3). This can be
explained by their everyday routine of using the system as well as the use of light colour
curtains(chapter6 and 7). Another, high indoor temperature was found in household

1 main bedroom and the maximum temperature reached 3Fgqufe 5-3), this high
observed indoor temperature may have affected by the south orientation of this room.
And their routine of using their HVAC system in the first floor rooms may have
contributed to increase the main bedroom temperature. Households @217, 4, 14
YR Mo KI @S alyYS O0SRNRB2YaQ 2NASydGlrGA2Yya
temperatures are found lower than the other households at 2(FiGure5-3), also their
routine of using their HVAC system e.g. setting their systems at certain temperature
(chapter6 and 7). However, although household 11 main bedroom is facing north
similar to (Households 12, 10, 17, 4, 14 and 13) but it is observetalatigh recorded
indoor temperature at approximately 359{€igure5-3). This can be explained by their
everyday routine e.g. of turning their system off when the space is unoccupied (chapter
6and?).

During the winter season, variations in indoor temperatures of the main
bedrooms were noticed in all homésigure5-3). Low indoor recorded temperature in
P01, P04 and P11 were at°C&and 18.5C respectively. This can be explained by the
room orientations facing north, meaning less heat gain. However, household 14 their
main bedroom is facing west and it can be seen that their indoor recorded temperature
was approximately at 2€ (Figure 5-3). Although, in the main bedroom of the
household 13 faces north orientation, warm indoor temperature was found between
20°C to 23°@Figures-3), This might be explained by their heating practices (chafter

Low indoor mean temperatures variations were found in the main bedrooms across all
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homes during winter season with standard deviations ranged betw#e68 (e.g. P17)
to £1.67 (e.gP01) (

Table5-4).
Seasonal variation of indoor main bedroom temperature
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Figure5-3 Boxplots showing the seasonal variations in tempematfrthe main bedrooms. Each box represe
monthlydata for each home

Table5-4 Temperature standard deviation of main bedroom in summer and winter
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Measured
months

Room Orientation

Transition period
mean
temperature and
standard
deviation
Summer mean
temperature and
standard
deviation

Winter mean
temperature and
standard
deviation

PO1

South

28°C
+3.24

27°C
+2.18

22°C
+1.00

P08 P17
East North
30°C 27°C

+3.74 +3.38

- 26°C
+1.00
- 19°C
+0.68

P04

North

25°C
+1.00

24°C
+2.10

21°C
+1.00

P05

North

29°C
+3.68

23°C
+0.36

P10

North

33°C
+3.04

26°C
+0.69

P11

North

27°C
+2.43

28°C
+2.42

21°C
+0.64

P12

North

26°C
+0.83

29°C
+1.05

P13

North

31°C
+4.18

25°C
+0.44

22°C
+0.79

P16

West

23°C
+0.75

West

25°C
+0.69

25°C
+1.03

P15

West

32°C
+2.16

30°C
+5.57

24°C =
+0.79

Accordingto the weather station data, the maximum extreme summer outdoor

temperature reached 49C. Thestandard deviation of temperature variation in

bedroom2 was ranged from 0.49 which can be seen in the participant 13 htume

highest temperature variation with standard deviation of 6.12 in the house of

participant 15 respectively(Table5-5).

Differences in the indoor temperatures among the studied homes were noticed. The

highest indoor temperatures recordesderefound in bedroomacrossall rooms in each

home and among the households. In addition, the bedrooms 2 orientations in the

studied homes are facing heat gain orientatioR®r example, P01 (east), P13, P11 and

P17 (west) and P16, P15, P16, P12 and P14 (sdutis).can be interpreted the high

indoor temperatures found in those homes in transition period and summer season

(Figure5-4). Also, another factor that may contributed to this high temperature in PO1,
P13, P11, P17, P16, P15, P16, P12 and P14 is tatbkedwaffect. The external surface

(slab tiles) of the future room (is an optional room that can be built by inhatsta

depending on their needs) is originally in dark grey colour which means more solar gain

Ay

iKSa$s

LI NIAOA LI yiaQ

O SRNR2YAaHOD

¢KS 3JI )

ambient temperature releasedThe household 8 has the highest indoor temperat

recorded in the transition period reported at 2@, although this room is facing north,

meaning less heat gain. This indicate that this household carries out different practices

that may lead to this observed high indoor temperature, this is disuseck nmodetails

in the discussion chapter7 where both set of data were triangulated. Indoor

temperature variation of bedroom 2 is found in household 10, the minimum
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temperature reached approximately 19°€ especially in the summer season, although
the room orientation is facing south. This may due to their practidassong this room
which is discugd in chapter 7). However, the south orientation of this room can
explain the maximum indoor temperature in the transition period and the summer
season aapproximately 38°C. it is found similarities in bderoom2 indoor temperatures
between households 4 and 5 at maximum temperature of approximately 35°C. Both
bedrooms2 are facing west orientation which may explain the high observed indoor
temperatures in loth homes.Because Saudi Arabia is located near to the equator and
more heat gain from the east and the west orientatiotrswinter the recorded external
temperature was at 10C, low indoor temperatures variations are found in all four
measured rooms invinter season compared to the transition period and the extreme
summer seasond KS Y2y AG2NBR F2dzNJ NB2YaQ Ay dSNA2N

approximately 2°C across all homes.

Temperatures that lower than 2Cwere recorded and observed in all fomeasured

rooms. This room found facing south, west and east orientations in the studied homes.

Seasonal variation of indoor bedroom?2 temperature
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Figure5-4 Boxplots showing the seasonal variations in temperature of the bedrooms 2. Each box repre
monthlydata for each home
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Although the orientation of this room means more solar gain, there found low recorded

indoor temperature at 17C (e.g. PO1) and 19°C (e.g. P04, P11 and(Pg6ye5-4).

These minimum indoor temperatures may explain their practices e.g. natural ventilation

this discussed more in chaptef)( The standard deviations of the bedroorms2 mean

indoor temperatures amonghe studied homes compared with transition and summer

standard deviations. The highest standard variation of indoor mean temperature of

bedroom2 across all studied homes was found in P1564t2 in the summer period

(Table5-5). The lowest standard deviation of mean indoor bedroom?2 was found in P13

at +0.49 in the summer season.

Participant
code

Room
Orientation
Transition
period mean
temperature
and standard
deviation
Summer mean
temperature
and standard
deviation
Winter mean
temperature
and standard
deviation

Table5-5 Temperature standard deviation of bedro@in summer and winter

PO1

East

34°C
+1.95

38C
+0.79

23°C
+2.32

P17

West

26 °C
+3.75

25°C
+1.11

21°C
+1.04

P04

West

31°C
£2.29

32°C
+2.39

22°C
+1.52

PO5

West

27°C
+2.96

23°C
+1.05

P11

West

33°C
+1.81

36°C
+0.79

23°C
+1.76

P13

West

33°C
+3.15

30°C
+0.49

24°C
+0.84

P08

North

36°C
+4.51

P10

South

35°C
+2.51

32°C
15.35

P16 P12 P14 P15
South South South South
34°C 32°C 32°C 34°C
+1.57 #1.41 +2.25 +£1.63
38°C 34°C 34°C 30°C
+.86 +0.73 053 +6.12
23°C 24°C
+1.92 +0.97

It is worth mentioning that the noticeable variations in the indoor temperatures in most

ofthepartOA LI Yy 14 Q YSI adzZNBER NR2Ya

oSo3a

f AGAY 3

bedroom 2) during the transition period, were because participants have left their home

for approximately two weeks for holiday. As a result, some participant turned off their

system df (e.g. P15, P10, P13, P08, P05, P12 and P11) and some set it at higher certain

temperature (e.g. P14, P16, P01, P04 and P17).
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5.2.2 Seasonal indoor relative humidity

The boxplot graphs below show the seasonal variation in relative humidity in
four rooms; living roomFgure5-5), guest roomKigure5-6), main bedroomKigures-7)
and bedroom?2 Figure5-8), respectively The central line is the median for the whole
month, with the box showing the #5and 7%" centile. The outer whiskers demonstrate
the full range of the results. Due to issues with data downloads a full s#tafis not
available for all months and so not all buildings are shown in every month. The living
room and guest room are located in the ground floor, main bedroom located in the first
floor and the bedroom2 located in the second floor of each homés dita presented
in the boxplot graphs were classified into three groups low variation (green), medium
variation (yellow) and high variation (red) based on the standard deviations. The
standard deviation of relative humidity that iess1 classified asow variation, the
standard deviation of four and greater than 4 classified as high and the standard

deviation falling in between classified as medium variation.

According to the data collected, it was discovered that during the summer, the indoor
humidity levels were low in all the rooms that were monitored in the homes. Conversely,
during the winter season, high levels of humidity were observed in all the monitored
rooms in the homes. In the summer, the low relative humidity levels could be the
resut of the increase of the indoor temperature (is inversely related to temperature)
that was seen above. low indoor RH could be the result of a low amount of water vapour
in the air. When the temperature increases, air has the ability to hold a greater@mou
of water vapour than air at lower temperatures. The relative humidity will decrease
when temperature increases, since warmer air is capable of holding more water [Rafidi,
2017]. However, this relationship is only true if no more water vapour is intred tc

the air.

It is observed that there are differences in seasonal relative humidity levels in the
monitored four rooms. Some of monitored houses presented RH levels between 40%
and 60% for 75% of the time during the summer season, in the monitoried ligom

and guest room. However, the relative humidity levels in studied main bedroom and the

bedroom2 were below 40% for approximately for 75% of the time in the summer
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season. In the winter, it can be seen that most of the houses the indoor relative
humidity was between 40960% for approximately 75% in all monitored four rooms. In
the transition period, it is noticed that the indoor relative humidity in all studied rooms
were ranged from 25% to 60% across all homes, with exception of P12 and PQ0%b. It ca
be seen that the indoor humidity levels were obtained from all rooms rarfiged 18%

as the lowesin P12 bedroom2 in the summer season, to 88% as the highest in P05 living

room in the winterseasonHgure5-5) and(Figure5-8).

Indoor relative humidity variations are noticed in the living rooms of all participants in
Fff aSrazyad Ly (GKS adzYYSNI FyR GNIXyaixdGazy
indoor humtity levels were approximately not higher than 60% but lower than 40%
(Fgure5-5). Comparing to winter indoor relative humidity were above 60% in most of
the living rooms. The variations observed of RH% levélseimonitored living rooms

can be explained by the inverse relationship of the recorded indoor temperature.
However, itcoulbel f 82 (GKS LI NOAOALI yiaQ SOSNERIFE& |
humidity level has exceeded 60% due to their opening wirgldwring the cleaning time
(chapter6 and 7). Since the case study (Jubail industrial city) is locatetherArabian

Gulf coast of Saudi Arabia and it is classified with hot and humid climate. External
weather may have contributed in affecting the indorelative humidity since the
external humidity reached at 99.2% as maximum and 15.6% as minimum in wirter.
weather station reported that the maximum humidity reached 38% and minimum
11.7%. Exchanging the inner air with outer air may result in vanstof the indoor
relative humidity. In addition, participant 12 RH levelesded 60% during summer
season(Hgure 5-5), this can be explained by the low recorded indoor temperature of
their living room. Also, other practices may have contributed to this high RH% level e.g.
using humidifier machine (chapter 6). Also, the design layout of the ground floor that
kitchen is an open plan area to the living room have consider as one of the rel@sbn

to the variations of the indoor RH#évels that were observed. For example, practices
of ventilation, cooking, washing and drying clothes, using dishwasher and cleaning

(chgpter 6 and7).

Table5-6 Relative humidity standard deviation of living room in summer and winter

PO1 P17 PO4 PO5 P08 P10 P11 P16 P12 P13 P14 P15
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Seasonal variation of indoor living room relative humidity
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Fgure5-5 Boxplots showing the seasonal variations in humidity of the living rooms. Each box re presettiy
data for each home

In the guest room, the indoor relative humidity levels were found lower than 60% in
transition and summer seasons with exception of PRigure5-6). High indoor RH%

levels were found above 60% in winter season and some lower RH% levels than 40% e.g.
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P14 and PO4Figure5-6). These RH% levels of this room during transition, summer
seasons and the wintecan be explained by the inverse relationship between the
GSYLISNI Gdz2NB ' yR KdzYARAGE 2F (GKAa NR2YO®
everyday practices e.g. opening windovebidpter 6). The standard deviation of this
room found that the indoor elative humidity level varied more than the temperatures

among # seasons and home3&ble5-7).

Seasonal variation of indoor guest room relative humidity
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Figure5-6 Boxplots showing the seasonal variations in humidity of the guest rooms. Each box represehty
data for each home

Table5-7 Rehtive humidity standard deviation of guest room in summer and winter

Measured PO1 P17 P04 P05 P08 P10 P11 P16 P12 P13 P14 P15
months

Room South  North  North North North North North South North North South South

Orientation & & & & & & & & & & & &
East West West  West East West West West West West West West

Transition

eriod 326% 31.2% 31.3% - 42.4% 42.7% 28.2% 39.2% 41.8% 453% 40.6% 41.9%

p +4.16 +2.55 +3.15 +4.70 +4.51 +3.01 +4.43 +4.12 +2.51 +4.96 +3.59

mean

RH% and

standard

deviation
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Sumner 31% 34%

mean RHY 325  #4.67
and
standard
deviation
Winter
mean RH%
and
standard
deviation

61.8%
+6.90

33% = = 41% = = 34% 53% 43%

+2.70 +5.73 +6.09 +8.81 +2.78
47.3%  56.8% = = 52.1% = = 58.1% 52.4%
16.17 +6.55 +5.81 +4.46 +7.72

Interm of the main bedroom, indoor relative humidity levels were varied in all seasons.

azaid 27

GKS LI NODAOALI YGAQ YIAY O0SRNR2Y AYR

in transition and summer ssans. Furthermore, lower than0%o of indoor RH was

found in PO1 and P11 during the transition period and in P14, P12, PO1 and P11 during

summer seasotfFigure5-7). These recoded low indoor relative humidity levels may

due to the inverse relationship with indoor terapatures of these homes. Other

practices were reported (in chapté) may contributed to the observed high and low
f SgSta 2F wld: So3ad 2 LISy Ay HoormfteysRavériagand2 LISy A y

cleaning for ventilation. The standard deviation of thain indoor relative humidity

levels was higher in this room than the guestroom across all monitored h{figasre

57).
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Seasonal variation of indoor main bedroom relative humidity
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Figure5-7 Boxplots showig the seasonal variations in humidity of the main bedrooms. Each box represamtsly
data for each home

Table5-8 Relative humidity standard deviation of main bedroom in summer and winter




For the bedroom2, it is observed that lower indoor relative humidity found among all
homes below 60% for 75% ttie time (igure5-8). The bedroom2 indoor relative
humidity levels among adtudied homes was found more varialan the temperature

in all measured season@able5-9). It is possible that the variation of the bedrrom2
indoor relative humidity in the studied homes not only refer be trelationship with the
temperature and the external weather. The variation of this room can be also affected
08 G(GKS LI NIAOALI YyGAQ LN OGAOSa Sodaad Of SI yA
this has its own bathroom. Household 5 has the higliregoor relative humidity level

at approximately 76% in the summer season. This can be explained by the low indoor
temperature of this room and also thenhabitant practices e.g. the ing cloths,
ironing, cleaning and showering (chapt&). Also, partipant 8 had the highest
temperature in the bedroom2 during transition period as a result this may affect the
indoor relative humidity and lower it below 40% for 75% of the time. The winter indoor
relative humidity levels were above 40% for approximatébpo of the time. The
observed of this indoor relative humidity levels can be justified by the low recorded
indoor temperatures in this room across all homes. For example, household 5 has the
highest indoor relative humidity levels at 87%, this due toltverecorded temperature

of this room ranged between (25°C to 20°@xcording the weather station data, the
maximum extreme summer outdoor temperature reached 48G with outdoor
maximum relative humidity 83%. Thmvest mean indoor relative humiditgcross all
studied rooms was found in P11 guest room at 28.2% during the transition p&aibkd (

5.9). The highest mean indoor relative humidity among all monitored rooms was

captured in PO5 bedroogin the winter season at 67%a{dle5.9).
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Figure5-8 Boxplots showing the seasonal variations in humidity of the bedrooms2. Each box reqresgthly
data for each home

Table5-9 Relative humidity standard deviation of bedro@im summer and winter

Measured PO1
months

Room East
Orientation
Transition

period mean 36:3%

RH% and +3.56
standard

deviation

Summer mean 38%
RH% and $6.24
standard

deviation

Winter mean

RH% and 54.6%
standard +7.17
deviation

P17

west

P04

west

39.2% 37.4%

+2.42

41%
+2.71

58%
+3.75

+5.80

36%
+4.85

58.5%
+6.39

P05

west

55%

+9.51

67%
+7.83

P08 P10 P11 P16

North South west South

35.4% 47.1% 32.5% 31.7%
.57 #6.80 249 13.20

> 36% 40% 37%
+3.89 7.18 #4.79

= = 53.4% 49.8%
+6.20 +4.66

P12 P13

P14 P15

South west South South

30.8% 45.3% 42.5% 37.8%
428 $1.96 #4.01 5.95

30% 46%

56% 48%

+3.63 £7.67 #5.62 #12.72

- 54.2% 53.7% =
+5.23 +7.03

The indoor environment was investigated through the use of building use study
j dzZSaGA2Y Yyl ANB

6. ' {0 ¢ KA

4 1 dS&aiArz2yylANB

satisfaction (thermal comfort, design, and needs) and identify key ssselated to the
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distributed digitally to inhabitants who live in RC homes through the RC developer, the
study obtained 100% return questionnaire3he answersn both questionnairesare
based onBedford Scald-7 scale pointsTheFigure5-9 and Figure5-10 demonstrate

that the respondents are very satisfied (scale 7) in both summer antemwindoor
conditions in their homes 60% and 50%, respectively. Regarding the summer and winter
indoor temperatures, the respondents reported that very comfortable (scale 7) 52%,
and 56%, respectively. In summer, 36% of the participants reported thaintheor
temperature is about right (scale 4), while in winter, 41% reported that it is about right
(scale 4). In summer, 35% of the participants reported that the indoor temperatures
slightly vary during the day (scale 6), and 19% reported that it idestilying the day
(scale 3). While in winter, 34% of the participants reported that the indoor
temperatures were stable during the day (scale 3), and 22% of them reported that they

varied during the day (scale 5).

It was reported that there was no drahgissue (scale 1), and this was in both summer
and winter, around 35% and 37% of the respondents. In terms of summer indoor
humidity, 16% of the respondents reported that the indoor air is very humid (scale 6),
and 29% reported that the is very dry (sed). In winter, 35% of the participants
reported that the air is very humid (scale 6), and 25% reported that the air is very dry
(scale 2). Furthermore, 43% of the participants reported that the indoor air is not stuffy
in the summer (scale 2). On the ethhand, in winter, around 32% of the respondents

reported the indoor air is slightly stuffy (scale 5).
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Figure5-9 Summer indoor conditions of BUS questionnaire results

How would you describe typical conditions in winter?
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Figure5-10 Winter indoor conditions of BUS questionnaire results

After describing the indoor environment conidihs through the indoor environmental
monitoring and the use for building use study questionnaire. It is found that the indoor
environment varies depending on the effect of the external weather, building
orientations, and the inhabitants' practices. Fowaenple, the external weather effect
was more noticeable during the summer season. The physical monitoring data illustrate
more variations of the indoor temperatures in summer than the indoor winter
temperatures, this also can be affected by the room oraiains. Also, this was seen in

BUS questionnaire respondents, stating that the indoor temperatures vary during the
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day more in summer (35%) than the winter (22%). For the indoor relative humidity,
from the physical monitoring, it is found that RH% lsveary more in the winter
exceeding 60%, than in the summer (dry indoor environment). This is also observed
from the questionnaire data that around 35% of the respondents rated that the winter
indoor environment is more humid than in the summer (16%). Wdag demonstrate

the inverse relationship with the temperatures. However, the variations in indoor
GSYLISNI GdzNB& FyR NBfIGADBS KdzYARAGE f SOST ¢
everyday practiced-or instance,hie way they ventilate their homes duririige day in

the summer and winter seasons, the occupancy level of the space, using
curtains/blackouts on windows (light/dark colours), cleaning practices, cooking
practices, and their routines of using the HVAC systéhe following section describes

the energy consumption of the monitored homes.

5.3 Energy consumption

Other part of the research objective one is to identify how much energy is
consumed in regulated Saudi hom#ss was done by collecting energy bills from each
participant. Not all energy consumption data were available, there were some
difficulties having this datalt is reported that the Saudi studies (involved in the
literature review chapter) and the Saudi Energy Efficiency Centre (SEEC, 2019)
mentioned that deficiency in@plying thermal insulation is responsible for the high
energy consumption. Here, this study explores the energy consumption in RC regulated
homes. Although the study investigates the energy consumption in identical Saudi
homes, still it demonstrates vaations in energy consumption, but compared to the
average annual energy consumption of a conventional house, it shows a lower level of
energy consumption due to the technology improvement. It is worth mentioning that
lack of evidence on established defions of energy consumption in Saudi domestic
buildings or the Gulf Cooperation Council (GCC) countries in K¥¢hgmwhat is low

and what is lower, based on the climate condition, culture, and inhabitants' needs, as a
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target to be achieved. While inteationally it can be found an established definition
for low energy houses e.g. passive housing, the annual energy consumption is lower

than 120 kWh/mz2.

Figure5-11illustrates he annual energy consumption (KWHof the studied homes
compared with international annual energy consumption standard. The highest annual
energy consumption is found in P11 at 93 KWh/riithe lowest annual energy
consumption is notied in household P13 at 72 KWHnAlthough P16 has small family

size but it can be seen that this househ@@ KWh/n¥) consume more energy than P08

(73 KWh/nv¥), although household 8 is larger than P16. Household 8 allows more
variation in their indoor avironment than P16, but it is noticed that PO8 consumes less
than P16. Similarly, household 13 allows more variation in their indoor environment
than household 4, but it is shown that P13 consumes less energy than PO4. Even though
the households which arfalling in the same family size, it is found variation in their
energy consumption. for instance, households 17 and 13 have the same family size, but
P17 (87 KWh/) consumes more energy than P13 (72 KWA)/(Agure 5.11). These
energy variations demani NI} 4 S GKIFG GKS LI NIAOALIYyiaQ

discussed more wdepth and related it to their practices (chaptéy.

It is found that theRC homes are consuming lower thactual average electricity
consumption of a conventiondlouse (156.5 kWh/m?), all these conventional houses
were built with single glazing windows and tieermal insulation Alrashed andAsif
2014) This could indicate that improving the building envelope in Saudi homes could

improve and help reducing the energgrisumption.
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5.4 ChapterSummary

This chapter has investigated and presented the analysis of the indoor
environment conditions and the energy consumption of the studieddsbhomes. The
interpretations of the presented data in this chapter are illustrated in chapter six. The
methodological approach that as used, the environmental monitoring, building use
study questionnaire and the energy consumption bills were gathereunn fithe
participants.The results of this chapter show that from the physical monitoring and the
BUS questionnaires, it is noticed that indoor environment from these methods is
following similar patterns. For instance, more variations in the indoor teatpegs in
the summer than in the winterrad more variation in indoor relative humidity in winter
than in summerln term of energy consumption, it is found that the monitored homes
that have lower energy consumption than the average energy consumption of
conventional house. Also, the energy data shows that some households who have the
same family size it is found that the energy consumption also varies. It is observed that
a2YS K2dzaSK2f RaQ AYR22NJ SY@ANRYYSyYyl 41 a
while others low variation found in their indoor environment but with high energy
consumption. This indicate that the social aspect is playing crucial role in Saudi home
energy consumptiorAlthough, the improvement of the building envelope is seen in the

reduction of energy consumption comparing with the conventional ho(Es&6.5
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kWh/m?2), but still the diversity seen in energy consumption between identical variables.
The following chapter provides deeper understanding of the reasons contributed to
these vaiations from social everyday practices perspective that could not be explained
by the material differencesUsing the four elements of practice theory offers insights
on how the social everyday practices were influenced by these elements. Considering
this effect (in future new dwellings) may contribute to minimise the energy demand

more.

104



Chapter6wSa S NOK FTAYRAy3a 2Y
and their experiences on environmental control
interfaces

6.1 Introduction

The findings from chaptebs have shown that even homes that are identical in
layout floor plan and home size present differences in their indoor environment. The
data show that the twelve homes could be categorised as low, medium or high in terms

of the variability of indoor tempeature and humidity.

Findings from other studies (such@®venson & Leaman, 201®eemers Yun, 2009)
havesuggested that even though various building characteristics can affect the indoor
SYPANRYYSY(l Ay K2YSa3X RATT alsbPlayacentdligarto A G| y (i
Other studies have observed significant variation in energy consumption between the
identical building characteristics (e.g. floor layout, building construction and number of
occupant) due to the differences in inhabitant eveaydpractices e.g. heating and
ventilation practicesKermeci, 2018Tweed et al., 2013 he literature reviewevealed

that there is a paucity of studies Saudi Arabia or similar countries that focus on
AYKEFEOAGEYd&aQ LINI Oiihe &elbti@dn of tifat vith te\ adtlaKedeyg$ & | Y R

demand.

Thischapter providesletailed responses to of the two research objectives a) how Saudi
AYVKIOAGEYG&AaQ LN OGAOSa YR 00 GKSANI SELISNA
in their homes, have contributei the differences observed in the energy consumption

and indoor environment (chapteb). The data on the research objective (a) were
gathered via interviews with the inhabitant®ata on the controls interfacesesearch

objective b)were gathered also @i the use of the usability questionnai@nd the

interviews The usability questionnains an inhabitant centred diagnostic tool, used to
understand the user system control and testing the technology performance in relation

G2 AYKIFOAGL Yy Gvelge usdSiNOdbiesiiopAnfingsd are gathered from

LI NOAOALN yia ¢K2Qa I.THédBrisviess inihy gustiodraire ark y (i K

based on 17 scale (1: is very poor and 7: is very good).
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As detailed in the methodology chapter, the analysis of daitected from 12 case
studies Table6-1), the qualitativedata in this chapter was analysed using the twyoles

of coding, drawing o®aldafia (2009using deductive reasoning approach reference to
practice treory and inductive reasoning approach. The two cycles of coding were carried

out manually due to the language that was used when gathering the data.

Table6-1 Interviewee characteristicd(thor,2021)

Participant PO1 P17 P04 P05 P08 P10 P11 P12 P13 P14 P15 P16
code

Family size 5 4 6 7 3 5 6 7 4 6 4 1

House South | North | North | North | East | North | North | North | West | West | West west
orientation

Gender Male | Male | Male | Male | Male | female  Male | M&F Male | Male Male Male

Age 3549
Type of Private
housing

Occupation Owners

The chapter starts with the deductive analysed data that is structured by using the four
elements of practice theory defined I§ramHanssen (2010jechnology, instituional
knowledge and rules, engagement, and kabow and embodied habitlso, there are

few emerged inductive themes from the data analysis that presents in this chapter.
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6.2 The technology element

Technology is one of the practice theoglements, it was defined by some
theorists aghe material components and things that people use. Téwhnology and
AGa NRtS Ay AYKFIOoOAGEYyGQa etdglreQuiingtefesgy ih NS A Y
homes GramHanssen2013) In addition, the technolgy element can be extended to
the house lay outs, to which prefigure its use (G#idanssen, 2010). Some other studies
such aqFoulds, 2013)Higginson and Thomson, 201 ermeci, 2018) an(Brierley,
2021) have discussed technologyhamise systems ahbuilding design element3he
relation between thesocialpractices and technologiesshould not be seen awaterial
elementsdeterminingsocialpractices. Instead, the material elements could be seen as
a structure which enables and constrains practi@@samHanssen, 2010). This section
explores the technology element as home system, indoor environment, home design

and controls.

6.2.1Systems

Amongst all building systembegating, ventilation, and air conditioningd{YAC)
systems play a sigréfint role in building energy consumptidrnigdament, 2000Pérez
Lombard et al, 2008 henari et al, 2016)The regulated Saudi homes that are studied
in this research have implemented the technology of HVAC systems. This technology in
Saudi Arabia is mercommon in nofresidential buildings than in housings. As reported
in the housing energy survey by the SaGdineral Authority for Statistics, window air
conditioners constitute the highest proportion (71.3%) of cooling/heating systems used
in Saudi housigsredu (General Authority for Statistics, 2019Dne participant

commented on the use of the HVAC system in homes:

~

WLE wlx! /6 Aa | 322R GSOKy2f238x FyR Ada |1
see it in large places such as hospitals, sch8ols @ Q ®

Each participant could draw on their experience of living in two different homes
(previously conventional and currently regulated) that are equipped with different
technologies. Their previous conventional homes were equipped with AC wingitsy u

and their current regulated homes have implemented HVAC systems. it is appeared
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from the analysed data that all interviewees reported that one of the advantages of
implementing the HVAC system in homes is thatdtstribution of cooling through the

house, such as:

Woode GKS 1 x!/ a2adSYy Aa | @GSNB I22R OK2A (
it over AC window units because the HVAC system can cool or heat the whole floor at

one preferred temperaturdzvery single room or space in the hoissaol or warm, with

Y2 RAFFSNBYOSEa Ay AYR22NIPMSYLISNI GdzZNB&a 0S¢
Woode | SNBE Ay (GKS w/ K2YSZ (KS 1 !/ A& RAZ
rooms. But the previous house had AC window units distributed only in thé r@ii»
Furthermore, some interviewees mentioned the disadvantages of AC window units and

the advantages of the HVAC system in housing such as, noise, dust, health,
maintenance, dripping water angthedulingeature, for example:

Wodd8 Ly HGBALK ot moiEy atiafl, dnd RiZ distributed over the entire place,

dzy t A1S ! IPIS6 AYR264Q®

Wi/ GgAYR2g dzy Al 2LISYyAy3a YIRPIMA G SIHaASN T:
CKAA LI NGAOALI YO Ffaz2 RAaOddzaaSR NBaARSydla
window units. in other word, the HVAC system is more convenient than the AC window

units in term of interaction with it, setting the indoor environment at certain
temperature and when this is achieved the system automatically turns off.

Wodde |/ egakl 1o Realth issagsh far @xarhple, when you put them on, they

remain on for the whole night unless someone wakes up and closes them. Sometimes, |

or my kids wake up feeling unwell! But the HVAC system, when it is set at a specific

temperature, for example24°C and when this temperature is achieved, will close
I dzG 2 YI GPLDI £ f 8 Q@

¢KS G4SN O2y@SyASyOS WRSaONAROoSa RSOAOSa 2
Shove, 2003: p410). This demonstrates the significance of convenience that connected

with the degree of automation with the HVAC. Another participant has mentioned that

the family suffer from asthma, but since they lived in the RC homes their health has
improved:

WLY GKS LINBS@A2dza K2dzaSs ¢S dzaSR G@maKl @S | )
So the devices were working on a daily basis. But honestly, since | lived here, we have

YSOSNI dzaSR AGT FfGK2dzZ3K GKS | NSF KSNB Aad A
P10
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Also from the building use study questionnaire is found thatrenthan 31% of the
respondents feel much healthier than before. From system maintenance perspective
one participant mentioned that HAVC maintenance is easier than the AC window units
and it helps maintaining privacy when the maintenance occurs:

W¢ KS tag®Rdtheg/HVAC is the maintenance: it is easier than the AC window unit;

the technician can go up to the roof area from outside the house in order to do the
maintenance. But in the case of AC window units, the technician enters my private room

inorder2 R2 GKS YIAYyGSylryOS 2mb 2 4SS 6KIFG GK

One of the interviewees mentioned that the HVAC system does not have the common
issue of dripping water from outside the building as the AC window units:
Yodde | y2iKSNI R2 gy atditike pddem dizdpyird water, witich Yy R 2 &

iIs a common problem. But here, | have never faced this problem, and | have never heard
2F | LINRofSY fA1S (GKAa KSNBT Al M4 O2yaiRr

Some participants indicated that an aditage of HVAC systems is the feature of
da0KSRdzf Ayad GKS Ay R22NJ S Y LISiNgractauNEh theg K A O K
system during the day. Not all participants have seen this feature as an advantage due

to their technical knowledge about schedulitigeir systems, although it was found in

the home user guide booklet that the scheduling feature of the HAVC system was
explained in details but the instructions are in English language (this covered in section
5.2.1). While others with different level obmpetences such as fluency in English (e.g.

P01, P13, P14 and P15) and have learned how to schedule their systems from other
sources (this covered in section 5.2.2) have found this feature an advantage for the

HVAC system, such as:

Y oI ledpgrammingdeature of the system is good, which means that you schedule the
AYR22NJ G§SYLISNI (0dzNB &2dz ¢l yd 4G GKS GAYS
2NJ GdzNy AG 2FFZ FYyR O0KAA FSRIBdaNBE Aa y2i

+ @

. SaARS (KS LI tilicdsOdnedofytheQ@articifedty hiyained the
competence on scheduling the system but due to their routine, the manual use is more
suitable,because the scheduling take time and need more interaction when they need

to change the settingbor example:
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WY foThe scheduling feature in the system is not beneficial here because the routine is not

fixed in this house! And it takes a long time in order to do the scheduling day by day.

[ St Qa &adzZJJiasS GGKFG 6S KIFE@S | FA BSréasoNR dzii A Y
the routine has changed, | need to spend more time again and redo the scheduling!
''YyoStEASOIof SH {2 (KIFKGQa 6Keé L alFrAR Al Aa vy
TAESR NRdAziAyS BOBI G ySOSNI OKFy3aSaQo

6.2.2Indoor thermal comforind hone design

Interviewees mentioned that Royal commission (RQulated homes offer a
stable, comfortable indoor environment in the winter and summer seasons, contrary to

their thermal experience of living in their previous conventional houses

7 A

WCNRY Yé SELISNASYOS ftAgAy3d RBNB: (K w/ K3
Wodde L FSSt 0GKIFIG GKS wkPolodaAf (G K2dzaSa 6AdF

Wodd8 GKSNB Aa | Fdzid2ZNE NR2Y Ay (GKS K2YST

that RChomeshave fSEA O AT A &8POAY (KS RSAAIYHQ

The RC homes are built with an impravent inbuilding envelope than a conventional
house (Table6-2). The RC developed and built the case study from scratch in 1975.
Therefore all participants who involved in this study used to live in conventional houses
in different cities across the kingdom of Saudi Arabtais reported that 70%
conventional dwellingsare not thermally insulated, according to the Saudi Energy
Efficiency CentrdSEEC) (Alshahrani and Boait, 2018; Alshenaif, 2015). The common
building materials in Saudi conventional houses for e.g. external walls is comprised of

external plaster then hallow bricks and then internal plastexrsker, 2016).
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Table6-2 Differences between building envelope of a Royal Commission home and a conventional home (adopted
from Alardhi eat al, 2022)

Royal commission home Conventional home

Walls Uvalue U=0.36W/ntK U=3.98W/mK
Roofs Uvalue U=0.18 W/mK U=2.75W/ntK
Window U-value U=1.8 W/mK U=5.8W/ntK

Interviewees have mentioned that due the construction materials that RC used e.qg.
thermal insulation have helped maintaining stable and comfortable indoor thermal
comfort. All participantgeferred that when they turn on e.g. the air conditioning for
couples of hours at certain temperature and then it turns off, the indoor environment
remained comfortable. In contrast with the indoor environment of the conventional
houses. This implies th#tie technologies used in the RC homes e.g. concrete providing
thermal mass and the use of thermal insulation have contributed to reduce the
operation duration of the air conditioning and the heating:

WoddB8 Ly &adzYYSNE ¢KSy @St thedaiedfal enyirontgalS | /|
remains comfortable for hours. For example, the grefiodr AC is turned off at 11:00
p.m., and we go upstairs to sleep. The next day, when | wake up and go downstairs [..],

| do not have to turn the AC on in the morningcdugse the indoor environment is still
O2YF2NIIof ST yR 6S 2yte Gdz2NYy Ad®PI02Yy 6KSYy ¢

WoddBUKS '/ KSNBE NBYIFAya Of2aSR FT2N) o K2dz
Is very comfortable. But if you did the same thin the conventional house, it would not

work at all because the cold or heat would not be preserved, so you would have to have
GKS '/ 2y HRI6BK2dz2NE | RI&dQ

Wodd8 gKSYy ¢S GdzNy GKS KSFGAYy3 2y F2NI Iy K
staysg I NY F2NIPG2s2 RI&aQo

In the usability questionnaire, the results demonstrate that 50% of the participants are
using additional devices, half of these individuals use electric heaters while the other
half use cooling devices, such as sglitconditining units. On the other hand, 42% of

the respondents do not use any additional devi@egure6-1). This impliethat using
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additional devices in someouseholds is not strongly linked to their level of proficiency,
assome ofthose who employ these devices typically posdeghk technical knowledge
Nonetheless, it is highly associated with ithdesire to lower their energy and electricity

expenses.

Have you made any changes in your home?

8%

= Additional cooling devices = Additional heating devices = Additional ventilation devices

Additional humidifier devices m Additional air purifier devices = None

Figure6-1 Using additional devices

It is appeared that there are different ways that the participants use to ventilate their
homes e.g. using theystem ventilation, opening windows, doors for cross ventilation
and using the cooker hoods. In some homes the technology structure can constrain and
enable social practices-or instancesome participants with higher competence than
others, mentioned that they use the ventilation provided by the system e.g. P16, P14,
P13, P08, P01, P10 and P15. While others the technology structure constrains them
using the system ventilation e.g. P04, P05, P17 and P11, instead they rely on the use of

AC, as explained lilge interviewees:
W ddzaNYy 2y GKS Fry Ay (KS araaSy vyz2ad 27 G

w2 S R2 RSLISYR 2y 2LISyAy3a gAYyR26a oKSY oS
6SIFUOKSN) 2dziAARS Aa 3I22RT Ay REEYYSNE 6S RSI
During cookig time all participants reported that they do have the practice of opening

iKS 1AGOKSYQ gAyR2¢a 6AUK GKS dzaS 2F 0227 ¢
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Wodde 2SS 21LISY gAyR2ga FTNRBY (KS Y2NyAy3a Gz
we just open it for an hourto anhouranKa f ¥ RdzNAYy 3 (G KS05022 1 Ay 3

Yoode {Stazyltfexs ¢S @SyaAatlradS GKS K2YS A
during cooking we open the kitchen window for half an hour to an hour. In the winter
we open windows and we leave it for a lodgY SPQ8P

Others such as P04 and Pdfo have different level of competences reported that

during cooking time they do naettle forusingthe cookeK 2 2 R | YR 2 LISy Ay 3 |
window but also they do open doors faross ventilation Household 11 reprted that

for safety reasons, do not use the cooker hood when cooking instead they use the
window and door for ventilation, as explained by the interviewees:

WOdd8 hLISYAy3ad GKS (AUGOKSY gAyR2PH0 | YR GKS F

W5 dzNR Yy 3¢ D2RAVYESLIzi GKS 0221 SNJI K22R 2y @dd
in houses, and the reason was the cooker hood with the heat exploded, so from a safety
LISNELISOUA®SS: L R2y QG tS4G Y& 6AFS dzasS A0 R
crosi OSYldAflGARY R2Sa (GKS 220Q9

b20AO0OSlIofésx AG Aad F2dzyR GKIF G FEf LI NIAOALI
windows for faster ventilation and the opening duration can be extended depending on

the external weather. The potential loss obated/warm air does not necessarily

prevent the use of windows for all residents although the use of kitchen cooker hood.

And, participants referred that is not strong enough for removing cooking smells. This
practice could increase their energy demand doese hot air entre indoor spaces and

change the level of thermal comfort as result the need for operating the system

increase.

For the home design, in Saudi Arabia, homes are designed and divided into two zones,
affording families the opportunity to matain both their privacy and their social and

Odzf GdzNF £ LN} OGAasSa 2F IFGKSNAy3Id ¢KAA Aa
housing, which maintains privacy for its residents. From the building use study
questionnaire, it is found that around 3686the respondents reported that the daylight

in their homes is about right, 15% reported that it is little and 10% reported that is too

much daylightBased on the interview data, most of the participants in RC homes are
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satisfied with the use of the déght and how it maintains privacy at the same time.

5t A3IKG KFra y SFFSOG 2y (GKS AyKiessah G yia
el, 2015) Also,the use of daylight could help reducing the energy use for lighting
(Bannamas and Jirapong, 201=0r example, the RC has used reflective glass with heat

film for the windows and doors and this support privacy for the inhabitants. Some
participants reported that use the daylight instead of using artificial lights during the

day time, as explained:

¥he comfort and the design of the house here [RC] helped us; we do not turn on the

artificial lights during the daytime due to the design of the daylight. But in the previous
K2dzaSz 2F O2dzNES> (GKS FFTNIATADAILIE fAIKIAYy3

Some prticipants mentioned that one window in the bedrooms is not enough to ensure
sufficient daylight during the day. Furthermore, some residents think that the window

should be larger than it is and provide external shading to reduce the heat gain
especiallyn summer:

We¢KS ftAIKGAYT Aad AyadzZFFAOASYU 2y GKS FANRI
the ground floor, including the living room and the guest room, has two windows, so the
lighting is good. But the rooms on the first floor, for exde the bedrooms, have only

one window in each room, so we feel that there is not enough daylight entering the

aLl ewmQ e

WeKS tAIKGAYT A& SEOSttSyidzx odzi GKS GKAY
extended to the floor. [..] on the ground flodine windows are supposed to be extended

to the floor, so | can sit in the living room and see my garden without having to stand up
YR 2230 G AGHQ

WL R2 fA1S FYR LINBF¥TSNI GKS RIFIeftA3aIKAGZ odzi ¢
andhaveex3 Ny I f aKI RAy3 2y GKSY (G205t SG az2yYS A

From the building use study questionnaire 39% of the participants reported that the
home layout is very good, 17% reported that the layout is about right and 25% reported
that this is poor lagut. Also, 35% of respondents reported that the provided spaces are
about right. Around 42% of the participants reported that the facilities provided are very
highly meet their needs. Some interviewees explained:

Wodd8 §(GKS Ay R2 2 Ndelfert @nd cirforable; thiefStais ar&separdtedh & SE
FTNRY G(GKS fAQGAYy3a NB2Y |FyR 3dzSaid NPRYI I yR
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We¢KS K2dzaS flreéez2dzi A& 3I22RX FYyR ¢S F2dzy R Al
the living room and the guest ron So, | can go up or down if there are any guests in
0KS KPOdza SQ®

While, the kitchen being open plan to the living room is not a preferred design in terms
of maintaining privacy, containing cooking smells and change the level of thermal
comfort whichmay increase the need for cooling. As result, some participants extended
their kitchen and some sepated it from the living room~Kigure6-2), as explained by

the interviewees:

WOdd8 ¢S LINS FWasiNdhied flom theilikik) ropm beCalss ¢f the heat
GKFG O2YAYy3a FNBY (AGOKSBROS NBI OKAy3a (KS A

Wodd8 S RARYQU tA1S GKS {AGOKSY 2@SNI 22]
SalISOALEfte APOBIEKSNE NS 3IdzSadaqo
Therefore, sme participants who use their living room daily they made some

adjustments to their homes. The adjustments involved new windows for daylight and

new spilt AC units. for example:

WeKS YIFIAY (1AGOKSY KlFa 0SSy O2y @SNitherR Ay d2
has been built with a roof ligftQ t M H

Woodde |y SEGSNYIt NR2Y 6l & odzAfdG F2N YFES
FSYIFIfS PRWIzZS&a G4 Qd
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Figure6-2 Firstfloor plan
This implies thathe design of the home seems affecting the use of the indoor spaces
YR NBadzZ 6SR Ay (KS | Re2dzaltyYSyda dKIG asSSy
have an impact on their energy consumption. In addition to the home design, from the
building use stug questionnaire, it is found that around 39% of the respondents
reported that the storages are not enough. Most of the interviewees also do not like
the provided storage in their homes:
WeKS fleéezdzi 2F GKS K2dza$S A aot&ev@®dvielS Vol = 6 dz
be honest with you, they are small and few; we can only put things that can be folded,
like bJankgts aAnd bedding she,ets. The rooms are fitted with-iowitardrobes, and we
dza S UKSY PI8 auU2N)ISQOP
Due to the insufficient storage it is found that some participasiuse one of the
bedroons as a storage e.g. P08 use the bedroom2 in the second floor for storing their
freezer, and it was observed from the monitoring data that high indoor temperature
found in this room. This householes this particular room because it has separate AC
unit so there is no need to operate the system there as if it is in the first floor, because
one HVAC unit support the whole first floor spaces. Also, participant 12 use one of the

bedroom in the firsfloor as storage and it is reported that this room is the hottest room
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in the house. This household locked the duct supplying the air to this room in order to
reduce their energy demand and they use a fan to cool the space. It is found that this

room daes not have any curtains on windows and it is facing west orientation.

6.2.3Controls

Each of the studied homes has four control units: two on the ground floor, one
on the first floor, and one on the second floor. On the ground floor, onth@funits
controls the guest and dining rooms, and the other one controls the kitchen and the
living room. The pervious section illustrated that participants reported that the HVAC
system fits well in terms of automation, scheduling, maintenance andgyi‘dowever,
in terms of the number of the HVAC units it appears that one HVAC controlling unit
especially in the first floor that controls the whole first floor bedrooms, is not beneficial

for some residents to reduce energy:

WOddB8 LT 2y S mykleeping o fifst fiodc &hd dHers are in the greund

floor living room, | end up putting the system on for both floors! | think the electricity bill
gAff 0SS tSaa AF SOSNER (im2 O0SRNR2Y&a KIR 2y¢
WOddB8 hyS dzy A irstid@rspachsph & (PEKE2 8@ PANBE T

Due to the limited number of HVAC units, especially on the first floor, some inhabitants

relied on their previous heating experience of using additional electric radiators and do

not use the heating provided by the $gs in order to reduce energy:

Wodd8 o0SOFdzAaS GKS FTANRG Ff22N) KFa 2yS
'.F

o2y
2y UKS KSIFiAy3 (2 KSIG dzlJ 6KS ¢gK2fS 2 2 N.

f

WoddB 2 K& &K?2dz R]tdheatztieSvhalefloorviigh fohlpnéedkodéati A y
ALISOATAO NR2Yax T2NI SEFYLES GKS YIAyYy 06SRNER
L R2 LINBFSN) dzAAP®B | RRAGAZ2YIFE KSIFIOGSNBQO®

One resident mentioned that when he is the only one at home, instead afjusie
cooling in the firstfloor bedroom, he uses the bedroom on the second floor because it

has a split AC unit with its own control pan&his may indicate that the developeray
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have designed the HVAC to be one unit in the first floor assuming tHagdiooms will

be occupied at the same time:

WLF L Y GKS 2yfteée LISNaR2Yy Ay (G(KS K2dzaSz: 6K
the whole floor when | only need one room? To save money, when my family is not with

me in the house, | do sleep in tledm on the second floor that has a split AC unit, and |
do put the system downstairs a6z QP04

The control interface between the HVAC system and the resident plays a crucial role in
thermal comfort and energy consumptioifheusabilitycovers someriteriae.g.clarity

of purpose, intuitive switching, labelling and annotation, ease of skcation of
system response and degree of fine conmol S & LI2 Yy RSy Ga OFy | yagSN
R2 Yy QU (Steyegsgncet al, 2013; Babordkad: NEReb af, 8019). It is found that 60%
0§KS LI NI A OA LI Watitie HXEE lciththoE({(1iR6-3He eSSy 0 opierate. All
reported that the HVAC control shows response to their actions when interacting with
(e.g. putting on the AC) and2% reported that it is not clear for them what is the
purpose of this ontrol (e.g. the system involveent of ventilation). Figure 6-4
demonstrates that 60% of the respondents reported that the location of the HVAC
control helps usetiwhen needed while the other 42 stated that iis not. It is found

from the in depth interviews that participants who reported that the HVAC control
location not helping when it is needed to use and is not easy to use, are those who were
using their system manually such as P04, P05, P11, P12 and P17

Woode 20 GA2Y ReusionsiLiiitheYidllas of théifirsFibds, Brid 6

fS
AG Aa O2yiNRffAY3a IRIT GKS 0SRNR2YAa 2y (K

S
It is noticed that around Z& of the participants assessed that the HVAC control not
allowing them makig sufficient adjustment and it is found from the interviews that

those inhabitants have retrofitted theid @ &8 6 SY Q& § K S NJY % depdrtéd P ]

that is not obvious if they should interact with the control.
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Figure6-3 HVAC control panel participahforiginal) (Author2023

HVAC unit control panel

Isit obvious if you should interact with it?
Does it allow making sufficient adjustments?
Does it show response to your actions?

Isit sufficiently labelled?

Isit easy to operate this control?

Isit easy to see how to use this control?

Doesits location help use it when needed?

Isit clear what this control does?
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

HYes MIdon’tknow MNo

Figure6-4 HVAC control panel

Seeking greater flexibility and convenience (e.g. in the case of emergency or travelling)

in controlling the system, some participants (e.g. P08, P10, P16) have retrofitted their
HAVGI 2 adSY GKSNX2adld yR GSYyRSR (2 d&aS (GKS
motion sensorsKigure6-5). Ecobee is amsart solution that can be used with many
HVAGystemdo help the participant controlling their HVYAC systems remotely as well

as set scheduling routine. It comes with a mobile App features auserfriendly

interface. Therefore, sommhabitants with thér degree of competences installed it
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instead of the original thermostat. Reporting that using the original thermostat requires

the resident to be at home in order to change the setting or put it on or off:

WL F2dzyR (KIFG GKS LINE gl BxPersivé, KBINaed th bdall A &
home to change the settings. [..] to be honest, dealing with the smart system at home is
GSNE O2YPWBSYASYyluQo®

We¢KS LINBQOA2dza GKSNXM2adld ¢l a RAFFAOMA G G2
[..] | remenber, once, we travelled, and when we came back, the indoor temperature

was 33 ! | put the AC on, and it took a whole day to cool the spaces! That night, the

indoor environment started to change a bit, but | could not sleep that night [..]. The next
RFeYX (GKS AYR22NJ SY@ANRYYSW08 6SOFYS 02Y7T2NI

WOdd8 U KeBntroll& is eadyYo-udkland very flexible, So, when we travel, we close
the system, and then we turn on the AC three days earlier before coming home, so when
S NBOGdINYy I GKS K2dzaSP16 SO2YS OSNE O2YTF2NI | ¢

Figure6-5 Ecobee smart thermostat of participah® (retrofitted) (Author,2023
Participants have mentioned that the smart thermostat has motion sensors that help
reminding them to turn off their system by sending messages through the app and als
very convenient to control it when traveling. As explained by the interviewees:
Whe smart thermostat has motion sensors [..] So if | do not pass from the sensor area in

0KS K2dzaS> GKS L)L) aSyRa YS | y2iateply,OF GA2Y
it will change the settings to the away mode and the system close®16].

YWOoddB8L OFy O2yGNRf A0 NBY2(GSte OAl Yeé LKz2y
five hours before coming back home, | put on the AC so when we arriveddw
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environment will be comfortable. It is effective, although it is expensive in terms of
Ayaal fPog GA2yQ

The results questionnaire indicated that respondents have rated the original electricity
az201S0da Ia f 2 g(Figu@so). Dneofthe PartRipahty rientishedxhat

the provided (original) electric sockets are not practical. From the interview data, it is
appeared that most of the participants have retrofitted it with European sockee styl
(dominantin Saudi):

We¢KS St SOGNARO a201Sda dGKIFIGdG L KFER gSNB (KS
the European socket style because it [American socket style] needs an extension for every
socket, and we used to connect the machine and lef®g/it &4 (| Yy RBlI2 Y2RSQ®

Astudy ofGuanS G |'f ownamm0O aK2gAy3d GKFIG (GKS K2dza
appliances represents 24% of total household electricity consumption in Australian
dwellings. This implies the effect of technology in shapingNB8 & A RSy (1 & Q LINJ
a2NB20SNE Ay a2YS 2F (KS NBaARSyilaQ K2vYSa:
controller. And some of the lighting controls are not connected to any of the celling

lights. It was observed during the home walkthrough thamsoparticipants used

additional side lamps instead of the provided lights. This is evidknoe the
questionnaire resultshat those inhabitants have rated the lighting controls at lower
a0FLtS 2F WoQ GKIY 20GKSNR® 2 KGthd&Hhedighting' | 2 2 NA
O2yiGNRfa G I KAIK aolFftS 2F WpQd ¢KS A&adzS
celling lights was not observed during the home walkthrough in those who rated the

lighting controls at high scalerigure6-6 illustratesthat 60% of the respondents have

reported that the lighting controls do not allow them making sufficient adjustments in

term of the number of lights they need and the brightness level. In addition, 60% of the

participants reported that tk lighting controls are not sufficiently labelled.
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Electricity sockets and lighting controls
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W How would you rate controls for lighting ? B How would you rate controls for electricity sockets?

Figure6-6 Electricity sockets and lighting controls

Lighting controls

Is it obvious if you should intract with it?
Does it allow making sufficient adjustments?
Does it show response to your actions?

Isit sufficiently labelled?

Is it easy to operate this control?

Is it easy to see how to use this control?

Doesitslocation help use it when needed?

Isit clear what this control does?
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

mYes mldontknow ®mNo

Figure6-7 Lighting controls

The last elemergt of the environmental control interfaces in this section are the
GAYR264Q YR R22NEQ KIFyRfSa FyR t2014ao
on ventilation of low energy homes in the UK found that some residents have excluded
and discounted tk use of windows and its trickle vents due to accessibility and the
location of the windows From the usability questionnaire, it is noticed that none of the
respondents have mention any issues related to those elements in term of operation
and safety esecially with windows. Participants used windows and doors for ventilation
whether in winter and summer seasons. This may indicate that the detailed
explanations e.g. opening, closing and the company supplier in the home user guide

booklet may have contrilited to overcome any issue that could be occurred. It is
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observed during the home walk through that none of the windows have involved trickle
vents. The existence of the trickle vents could support the winter night ventilation for

some households who exadas the night ventilation due to noise:

w2 S ySGHSNI a4t SSLI gAGK gAyR2pa 2LIBOEI RdzS

c
Oc ™

WL R2y Qi aftSSLI ¢6A0K (GKS SAYRREA 2LISy> 68

6.2.4Technology elemersummary

The above section hatescriled the technological elementhat involve home
system, indoor environment, home design and controls in the RC holhsisows how
the technology elements enable and constrain social practideieh may affect the
energy demandFor example, participant®@ind that the implementation of the HVAC
system has created comfortable indoor environment across the home spaces depending
on their preference temperature. However, participants reported that thegre
struggling to configure the best interactiomth their systemsn order to reduce their
energy demancespecially in first year of living in their RC homes, as referred by the
interviewees. As a results, some participants (e.g. P08, P10 and P16) have retrofitted
0 KSANI aeéael0r oS Qi WA NsGts séeRing Xo2 gfeatér Hexibility and
convenience While others (e.g. P01, P15, P13 and P14) took the advantage of the
system features such as system scheduling, others (e.g. P04, P05, P11 and P17) are using
their system manually. The technology eksmhconstrained these participants of using
the system heating and ventilation due to tlsgstem control technicalityTherefore,
they depend on AC in hot season and switch the system off in cold season, they also
adopted some practices in order to reduttesir energy demandit is found that there
Is social practice that perform in all studied homes that could increase the energy
demand e.g. thaise window for ventilation even in summer during cookialghough
the existence of the kitchen cooker hood. Jtpractice may contribute to lose the
cold/warm air and change the level of the thermal comfort of indoor spaces as a result

the demand for cooling or heating may increase.
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For the home desigrsome participants use the living room for daily family settiren
whether for whole family or parents only (e.g. PO1, P08, P12, P15, P10, P11, P04 and
tnpo® ¢KS RSaAAIY 2F GKS K2YS O2yaidNI AySR
they separated their living rooms and their kitchens (e.g. P13, P14 and P1B). It
appeared that the idea of space separation was not only due to cooking smells and
privacy but also was to reduce the need for operating the AC, because the heat transfer
from the kitchen may change the thermal comfort in the living room. Becausévthg |

room was an open plan area to kitchen and any carry out practices such as cooking,
washing clothes, dishwashing can effect easily the indoor environment of the living
room. Participants 13, 12 and 14 not only separated their kitchens but also th€ HV
system and added new spilt ACs in their kitchens in order to reduce their energy
demand. The use of the AC depends on the use of the kitchen e.g. when cooking. Also,
insufficient availability of storages has led some participants to use one of thedmadr

as storage, no air was supplied to these rooms have contributed to change the thermal

comfort level.

Although the RC has improved the building envelope of the homes aiming for energy
reduction, it is found that one HVAC unit controlling the wholstfitoor spaces is not
helping the residents to reduce their energy consumption. This indicates that the
recognition of theroutine complexities of domestic everyday life e.g. P11 and P05 was
neglected. During heating season some participants broughtein previous practices

such as the use of electric heaters in very cold days instead of using the heating system
and they depend more on putting extra layers in order to reduce their energy demand.
The intention of using electrical heaters especiallfjrst floor bedrooms was to reduce

the energy demand, because the first floor has one HVAC unit that controlling the whole

spaces of the first floor.

The next section discusses the second element of the practice theory, the institutional
knowledge and rule e.g. home touring by the developer and the home user guide. Also,

it describes how the lack of information in those examples helvéf SOG SR A Y KLl 0 A
practices of using the technologies in the way that it should be. As a result, some
inhabitants tendedto use other sources of gaining knowledge on their technologies

from e.g. consultingrofessionalsneighbours and from online platforms.
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6.3 Institutional knowledge and rules element

The Royal Commission (RC) is an organization and a deretfpthe Saudi
homes that involved in this study. This organization has involved architects, electrical
and mechanical engineers can act as an institution that define rules and provide
knowledge regarding to the RC homé4owever, the institutional knowldge and rules
that explored here understood as an element which influenced practices in different
gleaszr WYWikKz2dzZaK y2i nikaforcthghged SKIY QK SdzNED2 & Vdz ¢
Hanssen, 2010.p184)

This element explores the guidance (home induction) ttatgd be performed by the
developer and the home user guide that is provided by the developer. This section
RSY2yailidNI (Sa K2¢ AyKFIoAllyidaQ {(y2¢fSR3AS

technologies have been gained.

6.3.1Guidance

From the liteature reviewit is found that the technological element has taken
more attention in Saudi studies related to home energy demahlis does not mean
that this study overlooks the technology element, as the above section has described
how technological strO & dzNB OF'y O2y aGN} Ay |yR SyloftS A
I FFSOG GKS SySNH& RSYFYyRe® !'a adkriSR o0& of
G§SOKy2f 238 OKIFy3S | NB RATTS Nkeyeler thekeRsRa 2 F |
technological shift, itnevitably leads to changes in socigbr example, the RC homes
construction, it is referred by all interviewees in this study that it helps them reducing
the duration of operation of the HVAC system unlike the AC windows. However, some
other participans have mentioned that limited offer technical knowledge led to
misusing the system ventilation or scheduling the systBren from the building use
study questionnaire results, it is found that more th4®6 of the respondenteported

that they control the system coolingnhore than the system heating and ventilation 35%
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and 33%, respéively. This implies the importance of the home induction to the
households. Unfortunately, this could not be investigated further because the
NBalLRyRSyi(iaQ BSdfromithe quesiiondnire & ofding to the RC
developer.

Residents do not seem to have had an initial introduction to their new homes. The
interview and the usability questionnaire highlighted that they received no verbal
detailed instructions on usintpe home system. The interviewees mentioned that they

had received only detailed written information, which did not appear to be useful for

future referencefor some of the residents:

WLG g<é 3 dzA fzé@ Aa BSNE Oz'YL,Jhiﬁgﬁgih th&RE | YR ]
K @Sy Qi NBFR Al &8Gs FyR AG GFH18a F f2y3a

not the theoretical side, of using the home system and how to use it in order to save
SYSNH& | 65 Y2y SeQo

WC2NJ G§KS ¢ aKRA yder, Vusad khairyiainualsy ddd itidid $elp, but the
aeaidsSY RAROly2G NBlIffeQo

The first language of participants in this research is Arabic. However, the home user
guide provides no translated instructions for r&mglish speakers, as the interviezge
explained:

J.] there is a user guide, but | have not read it yet. There is a lot in there, and it is not

encouraging me to read because it is written in English. | know little English, but | have
not reached that level of technical knowledge in Engl1Q

We¢KS YIydzrt KFra G§SOKYAOIt AYyF2NNXIFGAZ2Y YR
I N} 6AO f I y3dz 3SPI76KAOK ¢g2dz R KSf LIQ

A conducted building performance evaluatietudy by Palmer et al (2016) on several
UK housings projects, it is foutttat one of the housing project the system control was

imported in German and no translated was provided.

One of the residents sought some explanation from the technician on using the HVAC
system during system maintenance. However, this resident regloréceiving minimal

verbal instructions and no detailed explanation from the technician:
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NJjC) SR 6@ (UKS O2YLIye G§SOKYyAOA
AGQo

Q¢ g)<

Aside from the language that is used to explain the instand, the home user guide
contains a large array of technical information, including civil/architectural, mechanical,
and electrical details Figure 6-8). Although the guide presents photos to help the
residents,the latter still require a moderate level of technical understanding with

clearer photos and texts to aid them in using the system.

Figure6-8 Home user guide (Authdp23

Based on the data providedave, it is presented that the housing developer provided

a detailed written booklet about the home to the new residents as a communication
method, but no verbal, online, or video instruction was offerddietion and Foster,

2017). The residents suggestedtlverbalinstructionis needed:

W9 RdzOF GAYy3 (KS NBaARSydGa 2y dzaAy3d GKS K2YE
knowledge, for example that this is highly efficient and that this is less efficient, and so

on, and the features of the technology tHata LIN2 @A RSRPI6AY GKS K2dza$
We¢KS w/ akKz2dzZ R KIS SRdzOF SR GKS NBaARSyl
advantages that the system contains in a practical way, so it can help the residents
NERdzOS (KSARILO2Yy adzYLIiA2YQ®

127



It was found that thehome user guide includes full details of the suppliersalbf
technology and appliancgsrovided in the home, such as the HVAC system, washing
machine, and dryer, allowing the residents to communicate directly with the suppliers
when they encounter any maienance or other issues in their home, especially once

the home warranty expires.

6.3.2Knowledgegainedfrom other sources

As discussed in the sub section above, that the formal provision of information
with the house was inadequate for nearbll participants. Furthermore, in the
technology element section demonstrates that some households manage their system
well, and are confident to introduce modifications e.g. Ecobee. This section explains
how inhabitantsgain the competence and confidenteat they demonstrated earlier
(section6.1). Participants who control their systems manually or by scheduling or by
smart thermoset havgained knowledge on using the home system through many ways
So30 . 2dz¢dzo Sz 20 KSNAQ Sliaidattkin&lyedrPetency O2 v & dz
through trials and errors
Whe most difficult for me was the HVAC system settings. [..], | searched for how to make
the scheduling on YouTube, searching by the name of the device and model that were

provided in the home user gle. | gained help from friends who had lived in RC houses
before me and advised me not to let the indoor temperature excead@®53 JP16

Yodod8 gKSY L FILOSR Fyeée LINRofSYZ L dzaSR (2
ljustputinmyconcerais ' yR L 324 KSf L) P4 £ SFNYSR | 2

Wodd8 L KIR G2 O2yadzZ G I LIREFSaarzylt (2 ¢
Wy myself by trial and err@P05

The strong builup connections amongst the residents have helped them overcome

some issues tated to the home system and energy consumption. For example:

W{2YS &alrAR (KI{d L &aK2dzZ R aO0OKSRdz S (KS &aea
2NAIAYLFE 2ySs 2N aSLINIGS PKS '/ dzyAlG 2y |
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Yhy S 2T Ye y S)} 3 &AL dp[itﬁy:sté(ﬂ;ir?theﬁk%érgﬁ)édrﬁodw@ and .
KS Y2UAO0OSR UKS RAFTFSNBYOS Ay U0UKS SfSOUNAO?7
This could help explaining why households are varied in terms of how well they
understand the system. For examplbetparticipants who consulted professionals and

being able to reador search about the technology in different language (English)
seemed to have greater influence on using their systems than the knowledge provided

by the institution. This can be seen irethouseholds who are operating their system
through scheduling e.g. (P01, P13, P14, P15) and others through installing smart
YwoO0206SSQ SdIP 6tnys tmMcI tmManood 2 KAES 20K
gaining from other social experiences e.gerids and neighbours have been able to

control their system manually, and acquired other practices to reduce the amount of

heat entrance into their indoor spaces but not reaching that level of technical
knowledge relating to their systems compared to othéfor instance, the seasonal use

of spaces can be seen in P17. Also, planting around the house and opening the curtains

in specific time during the daytime to reduce the emitting the heat to indoor spaces e.g.

in PO4 (more discussion on this in the follog/sectior6.3.3). Trees shading caeduce

the solar heat gains of the exposed building facades, as a result can contribute to reduce
energy demand for cooling. A study B$oka et al (2021) assessed the effect of trees
shadings on reducing the dailylap gain of the facade surface and the reduction of
cooling demand of residential apartment. The study used simulation to measure the
reduction using different seniors of trees height and density. It is appeared from the
study that the higher the tree andensity the potential of reducing the daily solar gain

and cooling demand can increase. For example, the simulation used trees of
Liriodendron tulipifera (height 10m and density 1.5/m3), Aesculus hippocastanum

(height 10.5m and density 2.0%m?) and Tiia cordata (height 10m and density 2.5

m?/m3) were placed with distance of 3m far from the building block. The results show

that the use of this specifications led to moderate cooling energy savings in first floor
apartment by 13 %, 14 % and 15 % respety, and the daily solar radiation gain
reduces by 16% (ibid).

Another aspect of knowledge is related to health and the indoor environment. From

the interviews, some residents appear to operate their heating system for a few hours
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before bedtime. Therafter, it is turned off due to the quality of the indoor environment,
as the interviewees clarified:
W2 S AYYSRAIFGSt@ GdaNYy 2y (GKS KSFGAYy3II odzi ¢

for safety and health; the internal environment is stuffy whentibating is on for a long
GAYS® 2SS Gdz2Ny AlG 2y F2MO Iy K2d2NE FyR GKSYy

W, dzi ¢KSy AdQa aftSSLIAYy3I GAYSIE L Lizi (GKS K¢
to bed because | think the heating on all night can bring health isswetebkng the
AYR22NI I PONJ Aa addzZFFeqQo

We¢KS KSFGAYy3 aeadsSy Aa 2y o0SF¥F2NB aft SSLIAy3
it. [..] because we feel that the indoor environment is stuffy, the oxygen is low, and we
Ffaz2 R2y Qi f ARl & IHaivSPRION YOS Oy | @GS NJ

6.3.3Institutional knowledge and rules element summary

The section illustrated that there was a lack of formal verbal home induction
from the royal commission to their residentghis was evidenced from the interview
and the usability questionnaire that participants have received no verbal detailed
instructions on using the home systems. The interviewees mentioned that they had
received only detailed written information as a communication method, but no sign of
video instuction was offered by the institutionit is appeared thathe use of the home
user guide was hindered some participants from its benefits due to the language that is
used (English) with no evidence of provided translated instructions forEralish
spe&ers. Furthermore, the high amount of driven technical informatiad the quality
of the picture provided hindered the use of the home user guide for some participants.
adzOK 2F LI NIAOALIYGAQ 62N] SAGK GKS | LILIX AL
how rather than through the formal knowledge provided.
This can explain reasons that households are varied in terms of understanding their
system. For example, the participants who consulted professionals and they are able to
read or search about the tehnology in different language (English) seemed to have
greater influence on using their systems than the knowledge provided by the institution.
This can be seen in the households who are operating their system through scheduling
e.g. (P01, P13, P14, P15y R 2 0 KSNA G KNRdzZAK AyadlffAay3a 2
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P10). While other households (e.g. P11, P17, P04, P12 and P05) due to the language
barriers they gained knowledge from other social experiences e.g. friends and
neighbours have been able to coat their system manually. The section showed how
these householders develop a knowledge to create thermal conditions that help
reducing their energy consumption, but not reaching that level of technical knowledge
relating to their systems compared to ottee For instance, the seasonal use of spaces
can be seen in P17. Also, planting around the house and opening the curtains in specific
time during the daytime to reduce emitting the heat to indoor spaces e.g. in P04.
Another aspect of knowledge is relado health and the indoor environment. It is
appeared thasome residents use the heating for a couple of hours before bedtime then

it is turned off due to the quality of the indoor environmenthe next following section
SELX I Aya (KSmd pfaticas thait they ilgis@asandllySilNdrder to minimize

the need for operating their systems as result reduce their energy demand.

6.4 The engagement element

6.4.1¥ ¢ K Xoy corafdt

In this section, thermal comfort is understooda Wi KS | OGA GAGASA
undertake to heat aR 022 f (G KSA NJ 0réhge 2010 p/7/RIJRR Y Sa Q
participants were asked about their daily thermal comfort practices, such as cpoling
heating, and ventilation, to create a comfortable indoanveonment. A particular
practise holds meaning to the people performing it, and a gwaleason guides this
practise (GranHanssen, 2013)However, the same practise can hold different
meanings for different people and can therefore influence the practigifferent ways.

For example, for cooling practices, all participants reported that they rely heavily on air
conditioning in the summer. However, they mentioned that they use a range of tactics
and nontechnological practises beyond the installed HV&Gtem to maintain a
comfortable environment.The concern of high electricity bills, as mentioned by all
interviewees, has driven them to undertake certain practice. Such as employing
different sources of coolingo reduce their electricity balby mitigating the amount of

time in operating the air conditioning but not a replacement of the cooling system in
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the summer, such as swimming, taking a cold shower and having cold food and wearing

less layers

WhyS 2F (GKS LINI OGA&Sa libKd tiiat we §o tdtBe benéh3oy G KS
AgAYI y2i 2yfeé FT2N) aLlR2NlLia odzi fmR12 (2 FSSf
W2 S NAYy3I FSH6SNIfFE&SNAR 2F Of 20KAyPATE Sl GAy3

The government of Saudi used to subsidy energyaltet the 2030 vision launched, as
one of its aims is to reduce the subsidies resulting in higher tariff. The new tariff in
Saudi Arabia is still the lowest among the world (Ouda et al, 2017), residential
consuming 6000Kwh (0.18 SR/kwh), consuming @000 Kwh (0.30 SR/kwI§KC,
2017)

Other practices related to the orientation of the home, in the summer, some
interviewees use blackouts on windowsreduce the heat gain e.g. households 1 and

11 use dark colours blackouts on windows (black). Alsaséhold 4 use (white)

blackouts on the windows and planted around the house (around 4.5m trees height) to
provide shading and minimise the heat gain for the indoor spaces to reduce the AC
usage time. In addition, Household 5 reported that they use (whitedkouts on their

windows and they open and close them for a portion of the day depending on the
orientations. Explained by the interviewees:

Yodd8 9EGS Ny I £ t &3 ndtdinly forithe yiige lobkNiBt disORo pioRdS K 2 dz;
shadingandreducehett O2YAY 3 AYAaARSZ YSIya PSS R2YyQl

YWodde Ay (GKS adzYYSNE 6S dzaS ofF O12dzia 2y
during the day, for example in the living room, guest room, and dining room, because

the orientation there is faeing east, and they remain closed until after 12:00 p.m., when

| do open them. And | put curtains and blackouts on the windows facing the southern
orientation until 3:30 p.m., and later | open them and leave them until sunset. We do

this in order to reducthe heat coming inside and the need for operating AC at less than

243 QRID5

One participant uses external shading screens on the windows of the rooms they sit in
daily. And one resident reported keeping the curtains drawn in the summer to avoid

the heat:
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Wi aAy3 $EG$N4(|- f aKFRAY3 FNRY (KS 2dziaARS z
gAYR29 02 PKS KI{F 2yfeQo

Wazald 2F GKS GAYSET GKS OdzNIPOIAY & FNBE 2y RI ¢
It is noticed that not all practices that were performed may decrehseenergy demand

as intended. For instance, using or depending on artificial lightings most of the time

during the daytime or irone of the studied homes this practice was performed during

daytime in the summer seasonA study ofAldubyan and Krarti (22) showing that

MMOH: 2F (GKS Fyydzadf K2dza SK2ThRQduetBtfieypdE e O2y
of lighting is used, e.g. incandescent and fluorescent lamps are the most commonly used
lighting in Saudi households as well as the operation dunatmd). From the building

use study questionnaire of the present study, it is found that more than 14% reported

that the artificial lighting is a lot, 29% reported that it is about right and 15% reported

that is little. Interviewees reported that theyale replaced their lighting system and

used lighting emitting diodes (LED). The practice of not using the daylight during the
daytime in summer season not only due to the external weather, but could imply that

the shading for windows need to be addressespecially in heat gain orientations in

order to enable the residents to use the daylight.

Instead of adjusting the system, changing the temperature, or even turning the AC on

2N 2FF YR FFFSOGAY3T 20KSNJ FF YAf &amtySY o SNE
mentioned that they switch places in the living room according to their individual
thermal comfort:

Yodde g KSY ¢S INB aAdGaGAy3a a + FrYAf@ Ay G

sit in this place, and the people who feel cold can sherplace that is under the AC. In
IKS K2dzaSs 6S SEOKIyYy3aS LI I OS&a I O02RRAY3I (2

Operating the air conditioning in the place that the residents sit does not necessitate

them to do it, as an interviewee clarified:

WeKS '/ Ay (GKS RAYAYy3I NR2YI 6S R2y QG Lidzi
NE2Y YR GKS RAYAY3I NR2Y RI2 GKS AN OFy LI
It appears that families use daily spaces differently depending on their comfort

requirements and te materials of the living rooms differs:
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Wt dzGGAyYy3 (G662 tABAY3I NR2YA Ay (KS K2dzasS Aa
rooms varies according to the season; for example, in the summer, we use the upper
room because it has a wooden floor ysw can feel cool. Even the quality of the furniture
RAFFSNBRI a2 GKS ftAQAYy3 NRPY 2y GKS FANRG T

Several interviewees mentioned that they all turn off their AC systems. And the practice
of varying their clothing to meet individlicomfort preferences and easy to be adjusted,
having warm food and using the daylight to warm the indoor spaces and to reduce

energy consumption were reported:

WLY gAYUSNE 0ddP8 ¢S FSSt (GKIG 2dzNJ KiddzaS A 3
not have to use the heating here, as we rely more on wearing extra layers than heating.
L NIYNBf& GdzNy A0 2y 0SOl dza P140KS 46SF GKSNI T

Wodd8 ¢S NAYy3I SEGNI fFreSNB YIFI{18&a AdG SIaas
one member of the family is wearing thick clothes, they can reduce layers in order to
reach their own thermal comfort without adjusting the system by putting it on or off and
FFFSOGAYT 20KSNBAQ GKSNXIE O2YTF2NI Qo

W2 S R2 2LISY 6AYR2 ¢ &he sucomeldnio the hao& spec8d G T NB Y
during the daytime and close them before sunset. If the whole family is feeling cold, |
also put the heating on at 2R 1

In addition to wearing extra layers of clothing, one of the household reported that e.g.

lighting a fire and seating around it was brought from the past. Also, having a BBQ in the
garden they also considered both practices as sources for providing heat and reduce

their need for heating system. Other household use different room for family daily

seating because it has fabric sofas and carpet, and reported that this helped them
feeling comfortable. For example:

WLY (KS gAYGSNE ¢S 32 2dzi Ay GKS K2dzaS 3l
warm, this is something that brings me back to gaest, and its smell reminds me of my
childhood. [..], sometimes we also do a BBQ in the garden of the house, we do all this to
NBERdzOS 2dzNJ RSLISYRSYyOS 2y (SOKy2ft2P8> | yR
WOodd8 AY (GKS gAYyl S:NEthesgbundZBod becaideBhe Bodr isi KS |
OFNLISGSRZ wode YR AdG KFa | PEAFONRO a2FIl 0z:
One resident has built a future room (it is room on the first floor that can be built

F OO02NRAY 3 (2 U KseeFigufee-b, dvihioh lisgtiiicthe tfich Sar\aliving

room to reduce energy:
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Bathroom

Figure6-9 First floor plan

Due to the adjustments made to their home, this participant does not use the ground
floor spaces unless they have guests, as a result, the AC system there is turned off. The
daily space that is used in the ground floor is kitehen:

Wodde F2N) alt@Ay3as ¢S akKdzi 2FF GKS '/ Ay
unit, and in the living room unit because we separated the kitchen and put a new AC
aLX A GPIAKSNBEQO®

Other residents have trained their family membersptay attention to unused

electrical appliances in unoccupied rooms in the home:

WC2NJ 4Al GAYy3 Y2ySeé FyR (KS SYy@ANRYYSyilzI L
dza Sz IyeidKAy3d SPOSOGNRO aK2dzZ R 6S 2FFQo

WS GNIAYSR 2dzNBE St @ Shing wekdb tot useSon. Radyvkeid wefg8 | @ S
out, we also turn off things like lights, extractor fans, televisions and other devices to
al @S Y2ySes FyR (2 NBPIZOS YIAYyGSylFyOS 27
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Interviewees also reported using specific spaces and the spacedthatd not use

they turned off the AC unit to reduce energy:
WC2NJ al @Ay3a Y2ySe L Of2aSR GW681L '/ dzyAl Ay
One resident explained that when leaving the home, they adjust the system accordingly,

even for short periods:

W2 K SavelliigNIshut down the system completely. Even if | go for a short distance,
fA1S 3I32Ay3 (G2 S5FYYIYPIL R2 AP OddP8 G2 al

To reduce energy consumptioanother interviewee reported operating the AC system

for three days at a time and not lesing the temperature belov24°C to cool the indoor

spaces:
WAT 68 GdzNy Al 2y | RIF& o0S¥2NBs T2N SEI YLJ
Ad Of2aSR F2NJ I gKAfSZT YR 6S R2y Qi oI yi

temperature below 2°C,like 2°Cor 20°Cto cool the whole two floors, so the best
solution is to run it for a period of time during the day at@dnd then it closes and so
2y FT2NJ | oP@zG o RIFI&aQo

Even electrical appliance choices are driven by the desire to save msome of
participants mentioned that they assess the efficiency of a new electrical appliances
before purchasing it. However, some look at the cost first due to their knowledge that

these appliances not affecting more the energy consumption, such as:
W/EaZ > ljdz- £t AGEPOF YR STFAOASYOe Qo

§.] when | want to buy white goods such as the freezer and refrigerator, we pay more
FdGSyiaAaz2zy (G2 GKSANI STTAOASYmE o0SOFdzAS (KS¢

Opening the windows in summer allows hot air to enter theney and the hot flow of

air could increase their indoor temperaturesll residents mentioned that they open

the kitchen window for ventilation during cooking only for a few hours and then close it

along with the cooker hood. By contrast, in winter, theported opening windows

more for natural ventilationh y S NBaA RSyl NBLR2NISR 2LISYyAy3
only in the winter but also in the summer, especially during cleaning:

W2 S | faz2 2LSY sAYR264a 6SS1fe RdNMyid (GKS Of
GKS Tt22NAy3 (GAf SazPb2 | 02AR SEOS&aAdS Kd2
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In winter, some residents leave their windows in the main bedroom agén at night
for natural ventilation, while others restrict the use of natural night ventilation due to

privacy and noise:
w2 S ySGHSNI a4t SSLJ gAUK gAYyR2ga 2LIBOLTI RdzS G2
WhT Y& O0SRNR2YI L GAAK G2 fSEBE AG 2LISyI

6.4.2 Engagememement summary

The engagement with the home and itsse®ms appears to be driven by
LIS2 L) SQa FTAYIYOALE O2yOSNya la | NBadzZ Gda 2
studied homes were historical and new adopted practices which may have affected their
energy demand. In the summer season, the usA®@fcannot be replaced due to the
desert weather. however, it is found that participants brought in some practices from
their previous experiences e.g. swimming, taking cold shower, wearing less layers and
having cold food. All these practices were perfodne order to minimise the need for
cooling as a result reduce the energy demand. Others reported thatukeyplackouts
on windows for a portion of the day to prevent the heat from entering the indoor spaces
depending on the orientations e.g. householsand 5. Planting around the house
(around 4.5m height trees) to provide shading and reduce the heat entering the indoor
spaces. This was observed from the environmental monitoring that this household (4)
have low variations of indoor temperature and tHewest energy consumption
compared with participants who are using their system manually. Furthermore, one of
the participants (e.g. P13) has used external shading screens on windows of the rooms
that daily use in order to reduce the solar gain and misérthe time need for operating
the AC.It is noticed that not all practices that were performed may decrease the energy
demand e.g. the use of artificial lightings during the daytime in the summer season most
of the time. It seems that some participastignored the health benefits that the
daylight offer to the inhabitants or the use of it can reduce the energy demand for

lighting. However, this implies that the shading for windows need to be addressed
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especially in heat gain orientations. Also, openkitghen window for ventilation in
summer during cooking only for a few hours and then close it along with the cooker
hood and extractor fan, was found in all studied homes. This practice may have
contributed to change the level of thermal comfort in eliging room and as a result
increase the energy demand for cooling/hile in winter, the time of opening windows

for ventilation is extended from morning until sunset or even for couple of nights (e.qg.
P01, P04, P11 and P16). But in some households gpemnmadows for ventilation during
sleeping in winter time was restricted by security, privacy and noise. One of the
household practice that may have contributed to increase their energy demand and the
observed variations in the indoor environment is the ap® windows while cleaning
even during summer season. One of the household reported that instead of adjusting
the system and affect others thermal comfort they exchange places e.g. when they are
seating the living room. It is found that not always necegsto operate the AC in the
place that the family use, alternatively passing the air from the living room to the dining
room e.g. household 11. Moreover, household 17 using different spaces at home
according to the seasons. Participants reported whesytleave their home for period

of time they put on the curtains on windows to reduce the heat gain. One of the
household reported that they operate the AC three days earli@4aC not lower than

this to consume less energy for coolinign winter, all @rticipants depend on wearing
extra layers, having warm food and having BBQ as source for heating. And it is found
that the use of daylight increased to warm the indoor spaces and reduce the energy
demand for heating. Educating the family members to slwitnused equipment was
referred by several interviewees. Also, assessing the electrical appliances before
purchasing by its cost and its efficiency. The next following section explores the know
how and embodied habits of participants e.g. their dailythoe, cooking, laundry and

hospitality habits in which may affect their energy demand.
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6.5 The knowhow and embodied habits element

The element of knovwhow and embodied habit is an important element of
practices associated with the energiemand and indoor environment. Different
residents have different habits, which in turn may contribute to different levels of
AYR22N) SYG@ANRYYSYid YR SySNHe& O2yadzvyLliAzy
this study are often based on their experiendesm previous home or childhood. For
example, the adoption of using additional electrical heaters from pervious home are
found e.g. in P15 and P08. On the other hand, some habits were found new in most of
the homes and have been performed only since ithleabitants lived in their current
K2YSad ¢KAAa aASOGA2Yy AffdzAGONI 0S& GKS AYyKLI oA
energy consumption e.g. do it your sakibit (DIY), cooking, laundry and hospitality
habits. It is found from the undertaken homvealkthrough that all the studied homes
were supplied with electricity and no gas source was fouldfting from the material
home and the systemand interfaces of the HVAC to the broader patterns of habit and
routine that are supported by the thermallpmfortable indoor environmentProviding
the inhabitants occupancy patterns and their routine to enable interpreting it with the

findings from chapter 4 related to their indoor thermal comfort.

6.5.1The deit-yourself DIY habit

All the residents that were interviewed have adopted the new habit of cleaning
GKSANI adaidsSyaQ FTA{UGSNB NBIdzf F NI 8T SAGKSNI i
5L, Gral 2F OftSIyAy3a GKS FAfThiSndk habityvisl y OS a
gained 6r some of the inhabitants from YouTube, from company website for others and
the technician. This approaclkassumes that inhabitants comprehend that the system
requires regular filter cleaning and are aware when such a clean is due, as explained by
the interviewees:

WLY (GKS adzYYSNE L y20A0SR GKFG GKS aegadsSy
the filter because it is working most of the time, and | realised that its performance
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improves after cleaning the filter; this happens 2 to 3 times a yediisnarried out by

0KS G§SOPAS/AOALI YQd

WL R2 0GKS YFIAYy(iSylryOS o0& YeaStfFs tA1S Of ¢
However, if there is a serious problem with the AC, | call the technician to fix it. In fact, |

used to call the technician tdean the filter for me, but each time | learned something

from him until I was confident in doing it myself and saving 500 Saudi riyals. | clean it 2

3 times a year, and it depends on the weather; if we have some dusty days, yes, | do
clean the filterimmBA I G St & (K& ySEUG RIFI&2Qo

W/ £ SFYAy3 (KS aeadasSy FTA{GSNE YR GKS (SOK
checks if there is something that needs maintenance or not, and this is done every 6
Y2y iKa Qo

6.5.20ccupancy patterns and routinized prees

¢KS 321t 2F Ayg@gSadAadalridAay3a NBaARSydaQ 2
environment with these occupancy patterns in the four measured rooms. It appears
GKFG | ff hodtesade geBekallylogtupi@dor 24 hours of i@y and are rarely
SywL}ie 4 ¢oSS{RIegad . & O2yiGN»aidz 2y 6SS{USYF
RFeQ> FlFLYAftASE 332 2dzi Ay GKS FUGSNyz22y |y
12:00 a.m. Inhabitants use the four measured rooms differer@iye resident uses the
living room more often than other room: This participant uses the system manually at a
certain temperature during the day due to their unfixed routine:

W put the temperature in the systeon the first floor at 24Call the time whether
sleeping time or not. AthiIen theAgroung flogr, the guest and dining rooms haaie ]
temperatureof28°Co SOl dzZa S ¢S R2y QU dzadzrtfte dzaS Aud |

are at 24°Cfrom 1:00 p.m. to 10:00 p.mbut in the winter the AC is offf@ month®
P05

As part of their daily routine to turn off any electrical appliances that are on before going

upstairs to sleep:

Before going to sleepmy wife and | gaoom by roomand check if any electrical
equipment is opand we do close it and uhyg it everQP05
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Another family also has an unfixed routine; hence, the use of the system and the space
varies greatly. The husband is a policeman and has variable work shifts:
Whave different work shifts; one day | go to work in the morning from &10to 2:00

p.m. Another work shift is from 10:gm. to 6:00a.m. The third working shifs from
2:00p.m. to 10:00p.mP 211

Houses can sometimes be empty on weekdays and occupied on weekends. Residents
are in the habit of turning off the system lmee going out, even for short periods. They
prefer setting the system at one specific temperature, regardless of whether it is
daytime or nighttime:

Whe indoor temperature, both floors on Zduring the day. On the ground floor, from
10:00a.m. to 11:@0 p.m., the AC is on at 2& On the first floor, from 11:09.m. to 3:00

pm.,the ACisonat2EWK Sy ¢S R 2y Qoilare/féadB hoindhpwife ar |
close it manuall@P11

One patrticipant has eonstantroutine on weekdays, leaving home mo7:00 a.m. and
returning at 3:00 p.m. This participant lives on his own, and the only spaces he uses on
the ground floor are the dining room and the kitchen. This resident mentioned that
these are the rooms which he usually occupies and in which he bapusts. He has a
smart system; any adjustments to it are made remotely through an app on his phone.
The system on the ground floor turns off at 7:00 a.m. when the resident leaves for work,
turns on from 11:30 a.m. to 12:30 p.m. over a break time befareihg off again, and

is finally on from 4:00 p.m. until midnight. The fifkior system is on from 12:00 a.m.

to 7:00 a.m. Even for spaces on the ground floor that are not used, the resident has
automated the system such that when the temperature reacB8%C,the system will

turn on immediately. The interviewee explained the seasonal temperature settings as

follows:

A

WLY &dzYYSNE | dzir@sYS/OlF deayR LA LRRAWGEIS fwAnl S G2 FS
prefer 2PFCRS A NBIE 4 Q @

On weekends, this partjgant stays at home most of the time, and he mentioned that

the groundfloor AC is orirom 3:00 p.m. until 1:00 a.mOne of the residents has a
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FTAESR NRdziAyS FyR dzaSa G(KS aeadsSy Yl ydzt e
The resident reported thaheir house is empty on weekends because the family stays

at their farm house every weekend and returns home on Saturday evening. Their daily
temperature is adjusted as follows:

W w thedgBounéfloor unit is on from 7:00.en. to 10:00p.m. at 24°C On thefirst floor,

the AC is on from 9:00m. until 7:00 am. at 24°C In the case we travel don@close

the AC unit in the spaces we use daijyst put the indoor temperature at 26,50 when
we come backwve dor@want the space is h&P04

Anotherfamily has a stable routine throughout the week, and they reported that their

house is never empty except on Friday, which is family day. The participant has built a
future room and uses it as a new daily family living room. They use the original living

room on the ground floor when they have female guests and the guest room when they
receive male guests. The kitchen has been extended, and the system downstairs is on
when the participant uses the kitchen downstairs. When they leave their home, the
temperatue is set at 27Cunless they travel for a long time and turn off the system.

The daily temperature is scheduled as follows, according to the interviewee:

W¢ KS INRdzy R Ff 22N KI a @E&cdudsd\the firdeNs dse thad y I A y
spaces. When rimdy is using the groundvﬂoor’, theAtemperaturAe IS (':hanged t@Zhe o
first-floor temperature was 2523°C YR U KS al yYS UKAyYy 3 KILILISYS

the floor; the temperature changed to ZZ But the new living room on the first floor
has its ownAC split unit with its own control; the temperature there is28QQR14

t F NODAOALI yi mMHQa K2YS Aa ySOSNI SyLwLiesz So@S
ages result in different routines. During the week, the family uses the living room only

in the aternoon from 4:00 p.m. to 6:00 p.m. Before 4:00 p.m., family members remain

in their rooms to work. As the residedescribed, the daily temperature in their house

is complicated and all floors are occupied during the day:

We¢ KS §GSYLISNI ( daisdhediletl argl doiplisagedzthétendpérature ranges

from 28;25°Cduring the day [..]. 2&Cis lowest daily temperature during the daytime at

the weekend, after we return from work during the weekdays and at bedtime, [..] we
shut off the system when trasielA \PHEQ &
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Another resident has a constant routine; their house is not empty on weekdays except
on Friday, which is family day, and they use different spaces at home for daily sitting as
a family, with a uniform temperature of 2€ during the day. To @& a comfortable
environment, this inhabitant uses one of the bedrooms on the first floor as a living room
in the summer and the dining room as another living room in winter due to the types of
furniture in each room. They explained that they use the esystnanually depending

on the space occupied and the daily temperature:

Woodde (KS S Y LISANing dpNie ahdnighitheE [S] Rlost ofi therday

in the summer, the AC is on; it closes if it reaches the required temperature 6F¥

Due to the design of the living room, one family uses the space daily from 2:00 p.m. until
11:30 p.m. any occupied space in the house and during the daytime and-tilght

they prefer a uniform temperature of 2€, which is never lowered unless they éav

JdzSadad {2YSGAYSaAs G(GKS LI NIAOALI yiQa Kdzaol

office and uses the AC split accordingly for a few hours. Their system in the house has

been changed to a smart system, which is used daily as follows:

WCNRY ptrie1AC islo ¥hdie ground floor, and it is off at 11:30 p.m. First floor:

from 11:30 p.m.,the ACisonat’®4 YR A& 2FFPI0 G TYnn I dYPQO

Another family operates the AC in all grouftiolor rooms on weekdays. The living room

Ad dzaSR | &ANKS yI3F NBWIF A yR GKS RAYAY3I NR2Y

both rooms are equipped with televisions. The daily scheduled temperature varies
during the day and even when they leave home for a short or long period, as the
inhabitant explained:

Y o thedidimpeatrature on the whole ground floor spaces ’RC&®m 9:00 a.m. to 6:00

p.m.; after that, it turns off completely. For the first floor, the temperature is &€25
during the daytime, except from 8:00 p.m. to 8:00 a.m. the temperature changes and

becmes 20Cbecause we prefer to sleep in a cold environment. But when leaving
K2YS F2NJ I f2y3 LISNA2RPBT GAYSZ L Of2as

Another family opts for a temperature schedule during the week. The family uses two
of the bedrooms on the first flar as the daily living roomgone for the parents and one

for the children¢ and the downstairs spaces when entertaining guests. This family has
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separated the kitchen from the living room, and the kitchen is equipped with a new AC
split unit. As a resulthe ground floor has three AC units instead of two. The only daily
space used on the ground floor is the kitchen, for cooking and doing laundry. The
resident explained the daily temperature schedule as follows:

We¢ KS GSYLISNI GdzNB 2 y]is2&C8ay anNRigtysRd tRefAZ Bt o] A (0 (
living room is closed because | separated the living room AC unit from the kitchen. Also,
0KS 3dzSad NR2Y |yR GKS RAYAYy3 NB2YQa !/ A

floor is 24Cduring the day, but whe bedtime comes, it is changed to°’€8om 10:00
p.m. to 7:00 a.m., and then it returns to°ZZDR13

(e} Y2

When the family leaves their home for a short period, the temperature changes’@® 26
However, for longer periods, such as more than 10 days, thdeesturns the system

off completely.

Another family also has a fixed routine with uniform temperatures during the day and

night on both floors. The house is occupied on weekdays and empty on weekends. This
family uses the living room on the ground flataily and the guest room only when they

have guests. One of the bedrooms upstairs, which has been converted into a sewing
d0dzRA2 F2NJ 0KS LI NIAOALIY(HIQAa S6AFST Aa y?
mentioned that the system in the house hasadged to be smart and is controlled

remotely. Their daily use of the AC and the temperature settings are as follows:

WLY (GKS &adzYYSNE GKS !/ A& 2y FNRBRY wmnYnn |

room and the kitchen area at 2@;the AC units in @ guest and dining rooms are off.
On the first floor, the AC unit is on from 10:00 p.m. until 10:00 a.m.&XX2D38

Participant 1 employs a detailed temperature schedule. The house is occupied on
weekdays and empty on weekends. The living room sergethe daily family sitting

I NBl FYR GKS RAYAY3I NP ZWothiradmsth&ve a t€ldGisidnR NB y Q.
The resident reported that when leaving home for a holiday, they set the temperature

to 28°Cbecause they do not want the humidity to damatieir furniture. The daily
temperature schedule is as follows:

WL &aO0OKSRdz S (GKS GSYLISNI GdzZNBSa Ay GKS K2dzaS
sleeping time, the temperature is set at’&om 9:00 p.m. to 4:00 a.m.; from 4:00 a.m.

to 7:00 a.m., a23°C;and from 7:00 a.m. to 1:00 p.m., | set the temperature &5
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From 1:00 p.m. to 9:00 p.m., the temperature iSQ8&n the ground floor, | set the
temperature at 28Cfrom 9:00 p.m. to 8:00 a.m. From 8:00 a.m. to 9:00 p.m., | set the
temperature a27°CIT & G KA A& GAYSTI GKS TFlFLYAfeé& dzasSa
PO1

The resident reported that setting the temperature at°Zbn the ground floor does
not cause discomfort in the indoor environment because the fan mode is on and they
can fed the air circulating. They have found that doing this is cost effective and

thermally comfortable for the whole family.

6.5.3Cooking habit

Cooking significantly influences the indoor environment and energy
consumption due to the design df¢ kitchen as an opeplan area to the living room.
2 KSy (GKS gl ft1 OGKNRBdzZZAK gl & O2yRdzOGSR AY
notable that all appliances in the RC homes are electric; there was no evidence of gas
usage in these homes. All participarsisare similarities in their cooking habits: they
reported cooking two to three main meals a day, with cooking durations Q#A@0
minutes for breakfast meals and one to two hours for main meals such as lunch and
dinner. Two of the households (e.g. 11 armt) teported that baking occurs every day
more than others, this includes the use of mixer and oven. All residents mentioned that
when cooking, they use natural ventilation by opening the kitchen windows and they all
also use the cooker hood in all seaspescept for P11 (ventilation practises explained
in section6.4.1). The interviewees reported that during cooking, the cooking smells
permeate through the whole house because of the design of the kitchen and living room

(see section 5.1 for detailed explations of the home layout).
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6.5.4Laundry habit

Shifting from explaining the home technologies at the begging of this chapter
Sead K2YS a2adSYZ AYyR22NI SYy@ANRYYSyGas @&
cooking, laundry and hospitl habits that have relation to energy demand. One of the
K2dzaSK2f RaQ KlFoAda GKFG NBuhdryarfiRaniesentay S NH @
household activity. The interviews suggest that this practise varies from one household
to another. All R@omes have been designed to include a laundry room equipytd
a washing machine and a dryer. The interviewees stated that, due to the size of the
washing room, they cannot use drying racks to dry their clothes inside instead of using
the dryer machine eery time they do their laundry. Except in winter, drying indoor
winter cloths such as wool, is performed. In Saudi Arabia privacy is very important not
only when designing homes but also seen in performing the laundry. Culturally, Saudi
inhabitants do notine dry their cloths in outdoor spaces like the western society due to
privacy concern, although the weather in Saudi will help drying cloths and reduce the

energy use for the dryer machine.

However, in the user guide, the section on electrigppliarces states that the dryer
O2yadzySa fSaa SySNHe>X SalLlSOA FiguieelOgTméEy GKS
fact that the appliances were no longer available created a barrier for the researcher to
investigate their energy rating. Residents reported that the washing machine and the

dryer consume high amounts of energy:

WLY (GKS w/ K 2hdagé dectiicdl appliangels, y will chiahge the washing

machine and dryer because their consumption is higher than what is currently on the
YEN] SGZ Ff 0K2dAKPIGKSANI ljdz- f AGe Aa KAIKQOD
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FOR FOR PROPER FUNCTIONING OF THIS APPLIANCE ITIS
THE LINT FILTER BEFORE AND AFTER EACH DRYING CYCLE.

Benefits of keeping the lint filter cleanend:

« Clothes dry better. » Less energy consumption.
« Clothes dry faster.

Figure6-10 Instruction for dryer machine, extracted from the home user guide (AuB8@3

5dzS (G2 LI NIGAOALIYEG mcQa SySNHeée O02yaOAz2dzay s

Wdo it[laundry] once a weeRP16

Not only the laundry habit but also paying attention to te#ficiency of any devices

before purchasing them, as the interviewee explained:

WL NBYSYOSNI 6KSy L NBUGAZNYSR G2 WSRRIFK ORA Gz
a new washing machine, so | bought it for them based on its efficiency and consumption

2F 6l GSNI YR St SOGNRQOPIBE O0STF2NB t221Ay3 |

Rather than using the dryer machine for every waste resident (P17) uses it once

for more than one wash:
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Some residents mentioned that the size of their family has shaped their habit of doing

laundry daily:

A ~ 7

Wira 6S INB + FlLYAfte 2F AaAEX 6S R2 (KS f I dz
0KS FRNE SN

W[ I dzyRNE 6S R2 Al SOSNPI4RI &3 dzAAy3d GKS RNZX
The residents with families of below the average have different laundry habits than

average and above the average family size, that the laundry is perform once at the

weekend:
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Washing andlrying cloths are performednce at weekend. 15

w2 S R2 (KS fldzyRNE 2y0S 4 GKS gSPISSYyRS
In fact, the frequency of doing laundry is not related to family size. Some large families
do their laundry three time a week:

We¢KS glakKAy3a YIFIOKAYS | YRPRNESNI I NB dzaSR

We do the laundry every other day and so on; to do that, we use the washing machine
' YR (KS.PG5dzYo f SNI

w2 § R2 (GKS fldzyRNE (g2 (2 G§KNBS thei YSa |
i dzy 0 P ND @

Two of the families have the average Saudi family size of five, but their laundry habits
differ:

W2 S R2 AlG F2dz2NJ dAYSa || ¢SSz .@MAy3 GKS

Wz [ §KAY3 Of2GKS4 SOSNE R & tlylchamye el kloft@s K S

during the day, two to three times a day; this is a habit they acquired from their father.

gl

W &

(e Y2

;

2Stfs GKS& dzaSR (G2 R2 Y2NB UKWDYy UGKIFGZ 0dz

6.5.5Hospitality habit

The interview data revealedhat thermal comfort differs when residents
expect visitors. This hospitality habit can influence energy consumption. RC homes have
been designed with two separate spaces with two separate entraqoe® for female
guests and the other for male guestheminimum indoor temperature that was found
in all homes was 2€ during the daytime; falling within ASHRAE recommendation.
Changing the indoor temperature to achieved good thermal comfort when having
guests not only perform in Saudi culture. A mirror tasthabit can be found in cold

country such as the study conducted {8ovacool et al, 2020)Discussing the thermal

comfort in smart heating homes in the UK, it explo¥ées K SNX I f O2y Ff A 00 Q
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identified form was hosts versus guefitsid). Thestudy mentioned that the household

perform the practice of rising the temperateifew degrees for their guests (ibidi) this

study ®me participants mentioned that when they expect visitors, the AC will be on a

few hours earlier, and all the internal dexternal lights in the entrance will be on, such

as:

W. ST2NBE UKS 3FdzSaia O2YSICsothtlBerdzdde dod S 0 S»
SYy2d&ZKQd

W2 KSy ¢S KI @S 3AdzSadas ¢S Liddzi GKS '/ 2y (KSE
it to 23°CRIB

w2 KSy 68 KI @8 3dz8 & GCoxoolthe pldehidhd Beyi indidasd itto / |
24 CORL 7

One resident turns the AC on the day before a social gathering:

w2 KSy ¢S KI @S 3FdzsSada O2YAy3as GKS RI°€6 0S¥
0SOlIdzaS A0 KIFa 0SSy Oft2aSR FT2NJ P04 2y 3 (A
As mentioned above that the data was analysed deductively and inductively, after

2 N
Y ¢
explaining the deductive themes, twaductive themes were emerged related to the

purpose of the HVAC system and one relates to its control. The limited number of the

HVAC units in the studied RC homes e.g. each two rooms have one HVAC unit in the
ground floor and one HVAC unit for the whole first floor spaces, it is pointed out that

this imited number of HVAC is suitable for large family meaning e.g. many rooms will

be occupied at the same time than small family. As referred by the interviewee:
WheAC here in this house | feel that it is good for a large family more than me as one
living individual]..]JFor example, | sit in the dining room, so why do | turn on the air

O2YyRAGAZ2YAYy3 Ay GKS NRB2Y&a 2y (KS 3INRdzyR Ff
P16

Due to the complexity of the HVAC control makes it difficult for speakcta interact
with unlike the AC window units the ease of using its control allows interaction from

age of 8 years and above, as mentioned by the interviewee:

WoddP8 CNRY GUKS 3S 2F y @SIFENARA 2ftR YR Y2N
ay R Atla agAlGOK O2yGNRf fA1S GKS fAPKHG agAi
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6.5.6 Knowhow and embodied habits elemesummary

The section of the knosmow and embodied habits element has explained
varied routinized practiceshat people perform in their everyday livegor instance,
when, how and how long participants interact with the technologvesich in turn may

contribute tovariationsof the observedndoor environment and energy consumption.

It is found fromthe holSK2f RaQ NRdziAySa OGKI G GKS | ¢
during the weekdays, but most of these homes can be empty during the weekend
especially Fridays (family day) with exception of participant 16. However, participant 4
reported that their home is ety every weekends (Thursday afternoon until Saturday
night). Theroutinized practice®f the participants are different, some households have
fixed routine (e.g. P01, P04, P08, P10, P13, P14, P15, P16, P17) and some do not have
fixed routine (e.g. P05, B1P12), this impact on the system operation duration. It is
appeared that the way they interact with home and its systems is different e.g.
operating the HVAC system and the temperature setting during daytime andtmught

During the cooling seasonsost of the participants (e.g. P05, P11, P16, P04, P14, P12,
P17, P10, P13, P08, P01) used the AC with temperature not lower th@nd4ding the

day time. For household 15, reported that 23°C the preference temperature during the
daytime. While during thaight time temperature below 24°C is occurred in households
P16 (21°C), P15 (20°C), P13 (23°C) and P01 (228@gver, other households have
unified temperature even during the night time at 24°C e.g. P04, P05, P11, P14, P12,
P17, P10 and P08. When th@or not in used during the day time (first floor) and during
night time (ground floor) some households increase the temperature reaching 26°C (e.g.
P04 and P13), or 27°C (e.g. P14), 28°C (e.g. P05, P11, P16, P12, P10, P08, POl and P17).
Household 15 turad off the system when the floor spaces is not in useis reported

that when participants leave their homes for approximately two weeks for holiday some
participants turned off their systems (e.g. P15, P10, P13, P08, P05, P12 and P11) and
some set ifat higher certain temperature (e.g. P14, P16, P01, P04 and P17).

it is found in most of the participants th#te living roomis used as family seating area
and a place where they have their guests (e.g. P01, P04, P05, P08, P10, P11, P12, P15).
And someparticipants such as P17, P16, P13 and P14 using this space when having

150



guests only and using different space as daily family seating area. In terms of laundry
habit, performed differently in the studied homes and were affected by the energy
consciousnesfr some participants (once to 3 times a week) and the family size (e.g.
some of the above averagerfdly size do laundry every dawith exception of P10In

winter, drying indoor winter cloths such as wool, is reported by all participa@tsoking

and hospitality habits performed similarly in each home. For instance, the cooking
duration, number of meals and ventilation strategy during cooking (e.g. opening
windows, cooker hood and extractor fan). All participants reported that when they have
guestsi KSANJ aeaidsSyQa UGSYLISNI GdzNBE gAtf 0SS (2¢
faster (because the AC in the guest room is off in all participants) and the entrance lights
are all on. The following section explains the triangulation of the indoor environine

RATFSNBYyOSazr SySNHeé& O2yadzYLiaAzy FyR GKS S13

6.6 Chaptersummary

The analysis of the thirteen interviews with residents and the conducted home
walkthroughs have highlighted that all participants involvedm $tudy deem the HVAC
system to be beneficial in their homes and that it is preferred over the conventional
cooling system (AC window units) in terms of air vent distribution in the entire house.
According to the interviewees, this technology and the ¢ardion of the homes have
helped them reach an optimal level of thermal comfort. However, the influence of the
6§SOKy2f23e8 2y (GUKS AYyKIFIoAGFydaQ LINFOGAasSa
For example, the existing system control thermostat regsiiseveral interactions,
making it inflexible and timeonsuming to use and created dissent that some
participant prefer the AC window units because each unit has its own control panel.
Therefore, the number of controlling units that are provided is ifisight and does not
contribute to reducing energy consumption and electricity bills especially the first floor.
Using complex plug sockets also makes it difficult to turn off appliances and they had to

leave them in standby mode. Furthermore, the absenteerbal explanations and a
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reliance solely on detailed written information for introducing the HVAC technology to
new residents appear to be inadequate. Although the technology was intended to be
used by a no#technical audience, it requires a moderatevél of technical
understanding. The lack of translated instructions in the written booklet has further
hindered inhabitants from using the system and taking advantage of its features. They
have consequently adopted new practises such as separating A§; usihg smart
thermostats, and using specific places for daily family seating to coincide with what they
were provided with. For example, P13 using the two of bedrooms on the first floor as
daily living rooms instead of the living room in the ground flamre for the parent and

one for the kids, because the first floor has one AC unit that controls the whole floor
spaces. And others use different spaces than the living room because the design is an
open plan area to the kitchen as a result the thermal tantrievel change and the need

for operating the cooling/heating system increase.

The nonrexistent relationship between those receiving and those providing information
influences howparticipants interact with their home systems. The strong byt
connections amongst the residents, online searches, trial and error, and consultation
with professionals have contributed to residents overcoming some issues related to the
home systems. For example, over time, participants have formed the habit of cleaning
thea@adGSY FAEGSNI NB3IdzAE NI & (2 SyKIFyOS GKS
operation duration, thereby reducing their consumption and electribitis. Although,

no evidence was found in the providewritten documentation for new residents

regardingthe process of cleaning thdVAJilter.

The chapter also explained a range of seasonal practices that residents utilise beyond

the HVAC system to reduce their energy consumption and maintain a comfortable
indoor environment. However, not all the partitip/ § 8 Q LINF OGAOSa | AR A
energy consumption and electricity bills.  For instance, participants use natural
ventilation even in the summer for a few hours during cooking. This unconscious
practice results in hot air entering their homes andregasing the indoor temperature,

which in turn increases the operation duration of the AC to cool the hot spaces.
¢KA& SEFYLXS AffdzaliNI 158 K26 AYyKFEOAGlIYy(daQ
intended to improve thermal comfort and air quality a;mhave the opposite effect on

152



SYSNHe O2yadzYLIiAz2zy |yR St SOGUNROAGE o0Affaod

everyday practices may affect the energy consumption in Saudi homes.
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Chapter 7Understanding the possible influences of
AYKI 6A QL ¢sioch @nergyiNilseOdnd @door
environment

7.1 Introduction

' FGSNE FylfeaAiy3a K Sprevigu&dhapter))shoivdac LINI O
these social practices affected by the fdbrf SY Sy (i 2 Gramtiddséd (210D S a Q
(technology, engagenm, institutionalised knowledge and rules, kndww and
embodied habits). This chapter presents the triangulation of data of the indoor
SYGANRYYSYy iz SySNHeé& 02y adzyLliR@vding ldgeR A Y K|
understandingf the possible influences &f y K I 0 A { | Y rélétedl tothiiNdivésith O S &
presented inenergy consumption and indoor environment in the studied Saudi homes
Some analysis of indoor environment is presented, attempting to explain and interpret

the social context of the observed indovariations.

7.2 Seasonal indoor temperature

Differences in the indoor temperatures among the studied homes were noticed.
It is found in most of the participants that the living room is used as family seating area
and a place where they have thél 3 dzSa G & @ ¢CKS LI NIAOALI yia
different orientations e.g. P17, P10, P04, P05, P11, P13 and P12 (south and west), PO1
(north and east) and P08 (north and west). It is appeared that some participants such
as P17, P16, P13 and P14 gdinis space when having guests only and using different
space as daily family seating area. for instance, P16 is the only person who is living in
the home and all his practices e.g. eating, watching and having guests are performed in
the dining room. T interviewee referred to the use of this room is because its location
to the other spaces in the ground floor. This room and the guest room have one HVAC

unit. It is reported that the air duct supply to the guest room was locked manually so
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the air can aly cool the space that the participant 16 uses, the reason behind this

practice is to reduce energy.

Household 17 is using one of the upper floor bedrooms as daily seating area in the
summer. The practice of seasonal use of their spaces in this hommenaiizing the
HVAC operation was performing to reduce their energy. The summer living room has
different furniture and finishes that help feeling cool e.g. wooden floor and leather
sofas, as stated by the interviewee:

Wodde8 Ly G(KS & dryoers heBauss iShasino&lenifidtethedsolyds
Oy TSB1f7 022t Q

Participant 13 mentioned in their routine that they use two of the upper bedrooms
(located in the first floor) as daily living rooms one for the parent and one for the kids,
becausehe whole first floor is supplied with one HVAC unit. And, separating the kitchen
from the ground living room and supply the kitchen with a spilt AC unit and the AC unit
in the ground floor living room is off except when they have female guests. Thigcpract
was driven by their concern of lowering their energy. Furthermore, participant 14 built
the future room and supplied it with a spilt AC unit. The reason behind this practice is
to reduce energy by minimizing their use of the ground floor spaces aut tee HVAC

IS not operated except during the cooking time. This all can explain the recorded
variation of the indoor temperature the maximum temperaturesirK S& S LJ- NI A OA L
living rooms and were between 2& (e.g. P17) and 33(€g. P14)Kigure5-1: chapter

4).

Household 15 has the highest recorded indoor temperature in the living room among
others living rooms in summer season. It is reported that living room is used daily but
the HAVC system is turned off completely when the space unoccepiedrom 6:00
p.m. until the next morning at 9:00 a.m. in the ground flobhe indoor temperature

may have been raised due to the living room's orientation towardsethst andsouth.

Households 14, 15 and 16 have the same orientations of their livimgngce.g. south
and east. However, the highest recorded indoor temperature was found in P15, this can

be interpreted by their practice of turning the system off when the space is unoccupied
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and the use of dark (turquoise) colour curtains in their livingmmoo Also, another
practice is found that during cleaning they open windows even in summer. Whereas,
P14 and P16 have light (white/ beige) colours curtains in their living room and their
system in the living room is on during cooking time only, becausditbken and the
ground living room have one HVAC unit. In addition, P16 reported that the system turns
on automatically when the indoor temperature reached°@2 while P14 their system

will be on when the indoor temperatuneached 27°CHigure5-1: chapter4).

In winter, the indoor recorded temperatures were at °2D found as
minimum temperatures in most of the participants living rooms (figure 4.3: chapter 4).
This can be explaining by tledfect of the living rooms orientations in P11, P05, P13,
P04, P17 facing e.g. (west & south), p14 and p16 (south& east) and POl (north & east).
lfazy AYKFoOAGEFEY(GaQ LINF OGAO0Sa &adzOK | a 2LISy )
provide warm indoor envonment during night time was found in households 1, 13, 14
and 17, as reported by one of the interviewee:
w2 S R2 2Ly 6AyR264 G2 (SG a2YS KSKHG FTNRY
RdZNAY 3 (G4KS RIFI@GAYS | yRPODE 284S GKSY 06STF2NB
Moreover, die to the homes construction material such as concrete (high thermal mass
material) has contributed in creating warm indoor environment in the living rooms,
absorbing the radiations due to the windows are open during daytime and release it at
night. Howeer, low indoor temperature was noticed in household 14 at approximately
17°C Figure5-1: chapter 4) The practice of opening windows in the ground floor such
as kitchen and living room was performed but not only during the daytime also was
performed during night time. This offer interpretation on the low observed indoor

temperature inhouseholdvn Qa f AGAyYy 3 NB2Y D

The internal recorded temperature of all the guest rooms have low to medium
variations Figure5-2: chapter 4) comparing to other measured rooms (e.g. living room,
main badroom and bedroom 2). All inhabitants that involved in this study their practice
of using their guest rooms performaghen expecting guests only. It is reported that
the HVAC unit in the guest room is closed unless participants have guests, it will be on

few hours earlier at lower temperature 22 or 23°C
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Although P11 reported that they sometimes use the guests room without putting the
AC on and they cool it by opening the door between the dining and the living room to

let the air pass through in ordeotreduce energy:

Ay GKS
GKS R

RAYAY3 NR2Y ¢S R2y QG Lzl 2
AYAY3 NB2Y BRRL GKS AN OFy L

Even in winter the guest rooms hadnimalvariationsrecorded in their indoor
GSYLISNI GdNBad ¢KSasS JGINARIFIGA2Yya 6SNB | FFSO
reported that in the summer they close the AC in the guest room and put it on when
they have guest, but in the winter they do keep the winddvsJSy S@Sy AT (G KS
have guest for ventilation e.g. P11 and P17. Furthermore, recorded warm indoor
GSYLISNI Gd2NBad Ay K2dzaSK2f RE and 86EC, fegpdetivalyn 3 dz8
(Figure5-2: chapter 4. Thepositioning of their rooms, facing towards the west and
south, can be interpret the warmndoor environment.Also, these participants reported

that their guest rooms windows have no curtains instead they had white film tint sheet.

For the main bedroomthe highest recorded indoor temperature was found in
household 15 at approximately 20 in summerThis family turns off their system when

not using the first floors spaces e.g. from 9:00 a.m. until 6:00 p.m. additionally, the west
facing orientation rom, the use of dark (turquoise) colour curtains and opening the
bedroom window may have contributed in increasing the indoor temperatbrguie

5-3: chapter 4). Although participant 14 has the same facing ortemtas P15, but it

is found lower recorded indoor temperature than P15 and the maximum temperature
reached 27C. This cabe interpreted by use of light (white) colour curtains and setting
the HVAC at 27°C so the system automatically is on when the teperxceeds 27°C.
Another, high indoor temperature was found in household 1 main bedroom and the
maximum temperature reached 31{Eigure5-3: chapter 4. Furthermore, putting the
system at 29°C in spaces that are not occupied and the south oriented room may
interpret the high indoor recorded temperature. And the use of (black) blackouts on
windows may contribute to this increase. Hohekls 12, 10, 17, 4, 14 and 13 have
alYS 0SRNR2YaQ 2NASyldlFGA2ya y2NIK yR &asi

such as 27°C as a result their recorded indoor temperatures are found lower than the
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other households (e.g. P15 and P01). However, atfhdwusehold 11 main bedroom
is facing north, but it is noticed that had high recorded indoor temperature at
approximately 35°C. This can be explained by their practice of turning their system off

when the space is unoccupied.

During the winter seasonvariations in indoor temperatures of the main
bedrooms were noticed in all homegigure5-3: chapter 4). Lowvindoor recorded
temperature in P01, P04 and P11 were at@and 18.8C respecively. This can be
explained by the room orientations of being facing north. However, household 14 their
main bedroom is facing west and it can be seen that their indoor recorded temperature
was approximately at 2&€ Figure5-3: chapter 4. Although, in the main bedroom of
the household 13 faces north orientation, warm indoor temperature was found
between 20C to 23°C. This participant reported that they put the system heating on

before sleeping time for two hours at 20°C.

Bedroom 2 in all studied homes (one of the four measured rooms located in the second
floor) its utilization varies from households to another. The highest indoor temperatures
were recorded in this room between all rooms in each home and among the holaseh

For instance, P01, P13, P11, P17, P16, P15, P16, P12 and P14 are using their bedrooms

2 when they have guests.

In addition, the bedrooms 2 orientations in those participants are facing east (e.g. PO1),
west (e.g. P13, P11 and P17) and south (el§, P15, P16, P12 and P14). This can be
interpreted the high indoor temperatures found in those homes in transition period and
summerseason figure5-4: chapter 4).Besides, the inhabitan@ractices in this rom,

other factors may affect the indoor temperature e.g. room orientatialbedo affectas

well as the fact that hot air rises from down to top floors.

household 8 has the highest indoor temperature recorded in the transition period
reported at 44C, albhough this room is facing northHowever, from the home
walkthrough and the interview, it is found that this room is used as storage and it
involves a food freezer. This may explain the high recorded indoor temperature in this
room. Also, the lowalbedo of the external surface (slab tiles) of the future room is

originally in dark grey colour which means more solar gain especially if the room
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orientation facing east, south or west. The gained heat during the day time and later
more ambient temperature relesed. Therefore, participant 8 reported the practice of
painting this room and the space of the future room with white colour in order to reduce

the heat as referred by the interviewee:

WoddB8L LI AYGSR (KS 0SRNR2Y HE&paifitiziordeNs NP 2 Y
reduce the heat coming inside the house because the bedroom 2 is used as storage and
S Llzi GKS TFT2PRR TFTNBST SN GKSNBQ

The practice of painting the future room with white colour was also ewidin
household10 Figure7-1):

$tom the neighbours social group there is an engineer and he advised people to paint

the future room and the roof with a white paint becauskasdark greycolourand the
white colour reduces the absorption of sun radiat@mi10

Figure7-1 painted future room of participaritO (Author, 2023

Indoor temperature variation of bedroom 2 is found in household 10, the minimum
temperature reached approximately 196 especially in the summer seagfigure5.4:
chapter 4). The household practice of using this room as an office for some days a week
and for couple of hours a day could explain the lowest recorded internal temperature

(Figure7-2). however,the south room orientation can interpret the high recorded
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indoor temperature in the transition period and the summer season at approximately
38°C.

participant 4 have mentioned that this is used as spare bedroom for sleeping when he
is the only one at thdvome, instead of sleeping in the main bedroom and putting the
HAVC unit on to cool the whole first floor. This can explain the indoor temperature
variation that is found in this room, theninimum recorded internal temperature
reached 25°@Figure5-4: chapter 4).Also, participant 5 has mentioned that this room

Is occupied daily for their maid. It is reported that the thermal preferences for the
inhabitant who uses this bedroom 2 is different to the other mamnbf the family, she
prefers warm indoor climate. This may interpret the variation of the indoor temperature
(Figure5-4: chapter 4).The reason for the excessively high indoor temperature of 35°C
during the surmer could be attributed to the wedtacing orientation of the bedrooms

2 occupied by participants 4 andBecause Saudi Arabia is located near to the equator

and more heat gain from the east and the west orientations.

In winter the ecorded external temperature was at %D, low indoor
temperatures variations are found in all four measured rooms in winter season
compared to the transition period and the summer seasorK S Y2y A (G2 NBR ¥ 2 dz
interior temperatures had not exceeded amximately Z2°C across all homegshis very
warm indoor environment can be explaining by the effect of the temperature
stratification. As warm air rising upwards from ground floor to second floor e.g. some
participants reported that they put the systenmedting on for 12 hours meaning the
whole first floor spaces are heated. Moreover, the bedrooms 2 found facing south (P16
and P14) west (P11, P13, P05, P04 and P17) and east (P01) orientations in the studied
homes, this can be considered as another remguterpreting the observed warm

indoor environment.

Lower than 20Cof the indoor temperatures were recorded in all four measured rooms.

The bedroom 2 had less practices performed there e.g. (P01, P16, P11, P13, P14, P17)
with exception of P04 and POBs mentioned above that participant 4 and 5 use this
room while others use it when having guests. This room found facing south, west and
east orientations in the studied homes. Although the orientations of this room means
more solar gain, there found lovecorded indoor temperature at £ (e.g. PO1) and
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19°C (e.g. P04, P11 and P®gure5-4: chapter 4) These participants reported that
the winter practice of opening windows for ventilation were performed ylaihd even
the window can be left open for several nights unlike P13 and P14, this may explain the

recorded low indoor temperatures.

Summer Bedroom 2 Indoor Temperature

——Outdoor temperature P15 P16 P01 —P11 —P10 —P12 P04 P14 P05 P13 P17
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Figure7-2 Indoor temperature of the monitored bedroorasf all homes during five days of the summer season

It is worth mentioning that the noticeable variations in the indoor temperatures in most

2F GKS LINIAOALIY(G&aQ YSI&dzZNBER NRB2Ya o6So3ao
bedroom 2) during the transition period,ese because participants have left their home

for approximately two weeks fdnoliday. As a result, some participant turned off their

system (e.g. P15, P10, P13, P08, P05, P12 and P11) and some set it at higher certain
temperature (e.g. P14, P16, P01, Row P17). Participants who are not turning off

their system reported that they have this practice is to avoid putting the system on for

long time when they come back home.
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7.3 Seasonal indoor relative humidity

According to the data clacted, it was discovered that during the summer, the
indoor humidity levels were low in all the rooms that were monitored in the homes.
Conversely, during the winter season, high levels of humidity were observed in all the

monitored rooms in the homes.

Indoor relative humidity variations are noticed in the living rooms of all participants in
Fff asSlazyad LYy (GKS &adzYYSNE Yz2ald 2F LI NIA
were approximately not higher than 60% but lower than 4®gufe 5.5: chapter4).

This might due to the use of the HVAC system, because the use of the HVAC system can
help to remove excessive humidity and lower the indoor humidity level. Whereas,
household 15 the RH exceeded 60% due to their cleaning practice of opening windows
during the cleaning time. The weather station reported tilhé maximum humidity
reached 8%6 and minimum 11.7%. Exchanging the inner air with outer air may result in
variations of the indoor relative humidity. In addition, participant 12 RH level exceeded
60% @gure 5-5: chapter 4 and it was reported that the practice of using humidifier
occurs in the living room once to twice a week for half an hour as mentioned by the
interviewee:

W dj-mmiﬁifjer in trjdjving roomk{egause we feel that the weather is dry andntitron
oncedNJ UgAOS | gSSPIZF2NI KItF |y K2dzZNQO
Participants reported that they do open the kitchen window during cooking time. With
the practice of opening windows during summer season, by doing so, the external
weather conditions can be utilized &xplain the fluctuations that were observed in the
indoor relative humidity level. While, in winter data from the case study weather station
showed that the winter external humidity level reached 99.2% as a maximum and 15.7%
as minimum. At the same & found that the indoor RH exceeded 60% in most of the
studied livingrooms FHgure 5-5: chapter 4. This can be explained by the ventilation
practice of opening windows e.g. from morning until the sunset time © the design

of the living room being open plan area to the kitchen the indoor relative humidity level

can be affected also by the practice of cooking e.g. using kettle, pressure cooker and
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may contribute to increasing the indoor RH level. Participaei®orted that more

cooking practices occur in order to feel warm, as referred by the interviewees:

WeKSNBE NS AYySELISyairAo@dsS GKAy3da ¢S R2 G2 T8
O221Ay3Ax SIGAYy3 GNARAGAZ2YIFE G NY F22R 0PDE
Yoode 2 S yNIEt SIHAWM yA@2 B NY F22R IPBRK 2N RNAY |

Moreover, the practice of doing laundry indoor especially during winter or/and using
dishwasher that all are perform in the kitchen can affect the level of indoor relative
humidity. Some participanteported that the use of dishwasher is performed many
times a day such as e.g. P01, P10, P12 and P14. Also, drying indoor the winter clothes
that cannot be drayed by using the dryer machine e.g. wool cloths. All these practices
can be used to offer exphations for the observed variations of the indoor relative
humidity levels, because drying cloths indoor and using dishwasher multiple times a day

release steam and moisture into the air.

For the guest rooms, all participants reported that this room isdusfaien expecting
guests, otherwise the system there is turned off. The variations of the indoor relative
humidity here can be explained by tlmverse relationshigpetween the temperature
and the humidity. Also, due to the ventilation practices of opemingdows continually

in winter may have the contribution of causing high humidityele\Figure5-6: chapter

4).

In term of the main bedroomthe indoor variations of relative humidity are found in all
seasonsThe low relative humidity levels that are found in the transition period and the
summer season may due to the use of the HVAC system, as it has the ability to control
the humidity levels in the home. For instance, Household 13 reported the use of the
systeam ventilation and it is found that the RH levels fall between 40% and 60% in
transition period and summaeperiod Figureb-7: chapter 4).The high relative humidity
levels found in P15 was high in summer season, this can be justified by their practice of
opening windows during cleaning time. Whereas, in winter the indoor relative humidity

levels were higher than other asons and the HAVC system is turned off for most of the
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time and the reliance more on the natural ventilation was reporte(re5-7: chapter

4). Some participantsnentioned that they turn on their heating syst for only 12

hours before they go to bed and then switch it ofiherefore, the high recorded
KdzyARAGE fS@Sta O02dA R 0S RdzS (2 GKS LINIY O
showering and/or cleaning practicesAccording to the participants, wasfound that

even when the extractor fan was turned on after taking a shower, leaving the door of

the bathroom open for ventilation. Thigracticecan be attributed to the fact that the

moisture can get trapped in the air drind its way into the bedroom.

The purpose of using the bedrooms 2 when the participants are having guest is found
the same in most of the homes. For instance, bedrooms 0, P13, P11, P17, P16,

P15, P16, P12 and P14 are used for guests only. Also, household 8 as mentioned above
that this room where they keep their freezer. Since the use of this room, the relation
between the temperature and humidity can be used as an explanation for the variations

f SpSta 2F NBfIFIIADS KdzYARAGE GKIGO g&8NB 203
seasonsKigure5-8: chapter 4). Another explanation for the high observed relative
humidity level reaching 70% in household 15 during the summer is that their practice of
weekly cleaning and opening windewduring the cleaning time in all seasons may
contributed in the high RHevel Figure5-8: chapter 4).Since the case study (Jubalil
industrial city) is located othe Arabian Gulf coast of Saudi Arabia and tléssified

with hot and humid climate. External weather may have contributed in affecting the
indoor relative humidity since the external humidity reached at 99.2% as maximum and

15.6% as minimum in winter.

As reported above that this room in househdds used for their maid, can interpret

the high relative humidity levels found in summer and winter. For example, the practice
of drying cloths inside the room in both seasons are performed. Also, the practice of
opening windows for ventilation is perford but only in winter. This could be the
reasons explaining the high humidity levels in PO5 bedroom 2. Furthermore, household
4 is using bedroom 2 many times a week, the participant reported that cleaning
performed twice a week e.g. washing floors aneading bathroom (this room has its
own). This may contribute to the observed variation in the indoor relative humidity

especially in winter, the RH exceed@@Pb6 Figure5-8: chapter4).
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7.4 Energy consumption

This section will demonstrate and explain the energy consumption linking it with
0KS AYKFEIOAGlFIYyGaQ LINFOGAOSa:I UGUKSANI SY@ANRY
indoor environment.There weresomechallenges in obtaining all the data on energy

consumption, thus not all information omergy consumption was available.

it is reported that the Saudi studies (involved in the literature review chapter) and the
Saudi Energy Efficiency Centre (SEEC, 2@&8j)ioned that deficiency in applying
thermal insulation is responsible for the high energy consumption. Here, this study
explores the energy consumption in Saudi regulated homes that are built e.g. with
involvement of thermal insulation and double glazifgirthermore, it is revealed from

the data that relying on technology solely e.g. building regulated homes in Saudi is found
not sufficient. Although the study investigates the energy consumption in identical
regulated Saudi homes, still it is demonstréteariations in energy consumption. This
shows that the social aspect plays critical role when studying Saudi home energy

consumption.

It is worth mentioning that lack of finding evidence on established definitions of energy
consumption in Saudi domestibuildings or the Gulf Cooperation Council (GCC)
countries in KWh/rfe.g. what iglefined adow based on the climate condition, culture
and inhabitants needs, as a target to be achieved. While, internationally it can be found
established definition for kv energy houses e.g. passive housing the annual energy
consumption is lower than 120 kwh/m7.he findings of this study will be compared to
extract the possible explanations for the observed variations in energy consumption.
Thiswill thenbe compared vth the existingnternational sustainable definitions on low
energy homes e.gassive housstandard in Germany, low energy house standard 2020
and 2025 in the UK.

Figure7-3 illustrates that theresidential eletricity consumption in theSaudi Arabia
depends heavily on seasoraid daily temperature profileAlmushaikah and Almasri,

2021). The higher the temperature the higher electricity consumption will be.
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Figure7-3 Total monthly electricity consumption in Saudi and average temperature throughout 2014 (Almushaike
Almasri, 2021).

Surprisingly, although P16 the only person wikesithe home, it is found that his energy
consumption is similar to other households (82KWHyra.g. PO1 (81KWh/fn The
consumption of P16 can be explained by the use of AC system at lower indoor
temperature than what is stated byASHRAE20°C during sledpg time for
approximately 8 hours. This is not only cooling specific room but it cools the whole firs
floor spaces because this floor has one HVAC unit. It can be interpreted that the
consumption of P16 goes for the cooling because it is reported thaiske additional
heating devices distributed in the daily used spaces e.g. dining room and the main
bedroom. Household 14 consume slightly the highest than others from the same group
who use the system by scheduling or smart thermostat. This househ@dssg, it is
reported that they use three bedrooms out of four in the first floareaning cooling

will be suppliedo even unused bedroom at temperature 25.528°C. It is found that

the cooling of the theses spaces is not only performing during niigiet but also during

the day time, because the kids stay in their rooms doing e.g. their homework during the
week except Fridays. Also, in winter P14 mentioned that one of their heating practices
using the heating system for the first floor spaces. Thiskbold has reported that they

do bake every day and this practice involves using mixer and oven. Also, in term of
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cleaning practice this participant reported the daily use of dishwasher machine more
than one time a day. These practices may explain therggheonsumption of this
household. Participant 14 has built the future room to be their daily living room and it
supplied with AC split unit and also they extended their kitchen area. it is mentioned
that when having guests sometimes the kids stay imtéw living room. These practices

of more area to be cool e.g. extended kitchen, the built future room and the use of
upper floor spaces addition to the ground floor spaces when having guests, added more

load to their consumption and may have contributedthe observed consumption.

The lowest annual energy consumption was found in household 12KtVh/n? (Figure

5-11: chapter 4)compared with the households of high competency group, although
P16, P14 and P13 have the same home orientation e.g. west. The size household of P13
is 4 which is less than P14 and more than P16 but still the annual energy consumption
is different. The practice of using the indoor spaces is different e.g. the participant
separated the kitchen from the living room and not only putting a wall but also the AC
unit is separated too (kitchen has new spilt AC unit) because both spaces weréouse

be supplied with one HVAC unit. This mean that the HVAC system in the living room will
be on and cool only this area when they have female guests. Also, the HVAC unit in
ground floor that supply the dining and guest rooms are turned off and it iloen
having male guests. This participant also tries to minimize their energy consumption and
use all the first floor spaces, two as bedrooms and the other two are used as living rooms
one for the parents and one for the kids. The windows of these lioogs have
external screen shading to reduce the heat coming from the south orientation. The
cooling and heating spaces are the same and beneficial especially at night time when
their kids are sleeping. This may explain their annual energy consumpting losver

than others. This participant mentioned that when they use the heating system the
house remains warm for two days; this implies that the heating is not something use

every day during the winter time.

P01 and P08 households use the same indoocepan term of family daily seating area
e.g. the ground floor living room. In addition, both participants have the same layout of
the living room and the kitchen being open plan area, meaning no changed was found

in their indoor spaces. Even the homeseotations in both households have the same
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e.g. east, have different annual energy consumption e.g. PORW&InY) and P08
(73KWh/n?). The observed annual energy variations for both households can be
interpreted by the setting temperatures of their systenfror example, PO1 during the
sleeping time the AC temperature at 22°C but during the day time from 8:00 a.m. to
9:00p.m. at higher temperature 27°C. however, P08 set the AC at uniform temperature
during the sleeping and the daytime at 24°C. In wintartipipant 1 use the system

heating in the ground and first floors depending on their use of spaces. While,
household 8 use additional heating devices, one in the living room, one in the main
0SRNR2Y YR 2yS Ay (KSAN RI defdeiit SafareHedNR 2 Y =
time for 1 hour (P08) and 2 hours (P01) then it is turn off. Also, participant 1 mentioned

that their kids sometimes participate in adjusting the AC system, which might have
contributed to increase their energy consumption, as referpgdhe interviewee:

YoddB8 b2g Y& (ARA INB y20 &2dzy3a yeaY2NEb

adjusting the system sometimeso,Sanytime they feel discomfable instead of
AYVF2NNYAYI YS 2NJ GKSANI Y2R0I (KSe 2dzad R2 Al

Household 11 have the highest annual energy consumption among all studied
households a®3KWh/n?. The family size is 6 and they use three bedrooms of the first
floor out of four similar to P14. They use their system manually with temperature at
24°C during sleepingnd daytime. Due to their unfixed routine, the ACs in the ground
floor and first floor spaces are on during the daytime. The father has different work
shifts e.g. one of his shift finishes at 2:00 p.m. and when he comes home he sleeps,
meaning the firsfloor spaces are all cooled because it has HVAC unit on. It is referred
by the same participant that this technigue of using one HVAC unit in the first floor is
not helpful in term of reducing their energy:

Wodde ¢KS FTANRG Tt dRrdld the wkole flogrSso Digegamenry dzy A
difficult to reduce energy and bills. If one member of the family is sleeping on first floor
and others are in the grounitbor living room, | end up putting the system on for both

floors! I thinkthe electricitp A £ £ oAt f 06S fSaa AF SOSNE (g2
P11
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Also, another reason that may contributed to the high energy that this participant has

built additionalLJt | {OKSA Wdcde@ outside the house for receiving male guests and

supply it wth AC split(FHgure 7-4). Also, this household reported baking occurs every

day and this practice includes the use of the mixer and the oven (putting it on half an

hour earlier). baking practice takes about an hour and half including the preparation

time, this might influence their energy consumption. the heating in this family is used

for 1-2 hours at 22°€3°C (within the suggested winter indoor temperature by ASHRAE)

in first floor, this may explain the high energy consumption compere to other
househd RAQ O2y adzYLIWiA2y d® C2NJ GKSANI ANRdzy R Tt 2
layers and it is reported that because the kitchen is open to the living room it provides

some heating especially during cooking time.

_—

Figure7-4 Example of 'Khimah' for welcoming male guests

Another household who is usingheir system manually and has high energy
consumption among to all studied households is participant 17 with exception of P11.
The family size of this participant is 4, meaning two rooms of the first floor are used as
bedrooms one for the parents and offi@ their boys and they also use one of the room

in the first floor as their summer living room. Therefore, the AC unit in the first floor
spaces is on daily whether daytime or sleeping time at temperature 24°C. The AC in the

ground floor is on during theooking time, and when they travel they leave their system
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Ay GKS 3ANRdzyR FE22NJ 40 Hyc/ o06S0OIdzasS GKSe@
the heat. This might explain their annual energy consump8iddWh/n?. household 4

Is one of participant thiusing their system manually and it has the same family size of
P11 (6). Their AC operate sometimes especially during weekdays on both floors. This
family use the living room as family daily seating area but when their kids have some
work to do they stayn their bedrooms because have involve offices. Operating the air
conditioning on both floors during the weekdays at 24°C and during the sleeping time
at 22°C, may explain their annual energy consumption. however, it is noticed that this
participant has lhe lowest annual energy consumption among the households who use
the system manually. P04 annual energy consumpfididWh/n? is surprisingly similar

to P08 73 KWh/n¥) who use the smart system. It can be understood from the annual
energy consumption of B0and P04 that is not necessarily smart technology can help

inhabitants reducing their energy consumption.

The P04 annual energy consumption can be justified by their practice of using the
daylight e.g. at specific hours a day, leaving the curtains ehpdenting outside the
house to prevent heat and add more shading for the building. Also, the occupancy of
this household is different to other studied households, their home is unoccupied during
weekends, it is reported that they go to their farm housstead. When they leave their
home everything is turned off. This household also reported that their children were

trained to turn off any electrical equipment that they do not use:

WOdd8 ¢KS gK2fS FlLYAfE GNIAYySRQl2yOSB6RaSY!I i

02 al gSPO¥2ySe Qo
This participant with his technical knowledge of separating the AC system in the first

floor will help reducing energy:

WLY GKS FdzidzNBE>X L ¢gAftf OKIy3aS GKS aeadasSy
it depending on my needs and save money. | think the energy consumption will be

NERdJzZOSR 06SOlFdzaS (KS R®MdzaS 02y aidNHzOGA2Yy Aa

Although P11, P17 and P04 have the same home orientation facing north and using their
system manually, it is noticed vation in their energy consumptions. Another practice
that is found in all studied households is that the practice of opening windows during

cooking even in summer although the existence of the kitchen cooker hood,

170

.
z



interviewees referred that they are na@trong enough to remove the cooking smells.
This practice may have contributed to lose the cold/warm air and change the level of
the thermal comfort of indoor spaces as a result the demand for cooling or heating may

have increased.

One of the study mentioed in the literature review conducted by (Aldossary, 2015) was
focusing on the technological aspect in hot and humid climatic region. Two typologies
were used the study comprises of three conventional houses and three flats. The study
involved comparisometween the actual annual consumption and after retrofitting. It

is found that from the study that the conventional houses real annual consumptions
were from 1652 KWh/nt, 115.2 KWh/m and 110.3KWh/h The actual average
electricity consumption for conveional houses was 156Wh/mz?, the conventional
house waduilt with single glazing windows and no thermal insulatigirgshed and

Asif 2014)

Aldossary et al study suggested that retrofitting the houses by involving thermal
insulation, installing shadg e.g. external shutters for windows, installing PV solar and
replacing the single glazing windows with double glazing. The results showed that the
annual energy consumption reduction ranged between 21% to 37% e.g. 123.7 KWh/m
72.5 KWh/m and 75.5 KWh/rh Despite, that the retrofit results were simulated the
suggested solutions e.g. thermal insulation and double glazing are already existed in the
RC homes, the annual energy consumption in the present study is lower than the actual
annual energy consumpn in (Aldossary, 2015) study but still the present study

demonstrates variations in energy consumption.

As previously stated, there is no benchmark for energy consumption in sustainable
homes in the Middle East or the Gulf Cooperation Council (GCClriesymaking it
impossible to evaluate the outcomes of this study. Therefore, the present study findings
of energy consumption in KWhAwill be compared with the international low energy
standardslt can beseen fromFigure7-5 that RC homes achieved lower annual energy
consumption than the passive house standard in Germany, low energy house standard

2020 in the UK antdow Energy house standard in Czech Republic

171



Annual energy consumption (kwh/m2)
140

120
100
0 ‘ | ‘
POt il Pl ob il pid olh vl
3 Ge

() A .
020 Pyl o
W

et

kwh/m2
[+)]
(=) (=]

I
(=]

]
(=]

af l\““"n\ i *Q
PR
o

4o 3 A Al
LT eld L
£3° e

o= ca o
W Saudi Regulated homes (RC) past . R ‘_‘f.;\,l\'
g & e
et net®
o H e

B international bow energy standards
. [y A

Figure7-5 Energy Consumption in kWh 7mvith International Standards

7.5Key Findings

The improved technology (building envelope) of these studied homes has shown
clearly how the energy consumption was reduced comparing with the average Saudi
conventiona house (Alrashed and Asif, 2014)A study of Alaboud and Gadi (2022)
shows the thermal performance of Saudi conventional residential building and after it
was retrofitted (e.g. adding thermal insulations). Their retrofitting results show that by
improving the building envelope, can reduce the cooling demand annually by 36.2%.
The findingghe conducted studyexplain thevariations thatcontributed to effect on
the energy consumption such as building orientation (absence of external shading in
heat gain oientations), home design (kitchdmeingopen plan area to living room). In
FRRAGAZ2Y S GKS SEGSNYyIft 6SIHFGKSNI 0Sv3d @Sy
everyday practices (how they use their homes and its systems).

The indoor environments affeetl by the external weather during measured seasons
e.g. transition, summer, and wintekow variations of the indoor temperatures across

all studied homes and rooms are found in the winter season. Furthermore, medium to
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high variations of indoor relativeumidity levels were observed in all rooms across all
monitored homesThecrosscase findingsire following the same pattern e.g.is found

that more humid indoor environment in the winter than the summer (dry environment).

The architectural desigfe.g the kitchen being open plan area to the living room & the

room orientation)of the studied homes has contributed to the observed variations in
indoor environmentswhen the cooking occurst KS RF GF aK2g GKIQ
ventilation practice e.g. openinthe kitchen window during cookingvas common
practice across hktudied homeseven in summer.As a result, the demand for the
cooling increase especially for those who use the living room every day as family seating
area.This also could imply that thesmtilation system not strong enough as referred by

the participants. Furthermore, emphasizing the need for testing the system
performance before the inhabitation stag&udies of Foulds (2013Kermeci (2018)

show a mirror practice of opening windows faentilation found in cold countries

resulted in increasing the heating demand.

The occupancy in the measured four rooms was differ among the participants. For
instance, & the participants reported that the system unit in the guest room is closed
whetherthey are home or not and it is occupied when having guests dhkrooms

that are used more often e.g. main bedroom and living room the HVAC system there is
on even for those who do not use it for family daily seating pld&decause there is one
HVAC uqit control the kitchen and living roonit is found that both rooms (main
bedroom and living room) have low to medium variationthvéxception of household

15. Whereas, the bedroom2 have the highest indoor environment variations due to the

purpose use bthis room.

The success or failure of domestic technologies depends fundamentally on how they are

used by residents (Hargreaves et al, 2018he interpretations highlighted that the

absence of formal knowledge (home induction), mutual conversationsvdet the

households and the developer, and the presented amount, level and langieage

English for nofEnglish audience)f information in the home user guide affected the
AYKFEOAGEY(daQ LINI Ol ArCsfidy b PRImeizat aly2B16)pev&adl NI & & & |
UK housings projects, demonstrated that one of the housing project its system control

was imported in German and no translated was provided.
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t I NI A Griterdetigns do@ard their home energy were related to the level of
competences they have du# their level of education. For example, engineer
participants use their system through e.g. scheduling and smart therm@staofitted

their systems)whereas others (who are not engineers) use their system manually.

It is observed that although thenergy consumption was reduced in the studied homes,
the data noticeably varies between theomogeneousstudied homes in some cases
SPSy 06SG6SSy GKS &I YS K2dzaSK2f RaQ &ail Sz
their systems (smart, scheduling and mial). For instance, participants 4 and 11 have
the same family size and both controlling their systems manually but their energy
consumption significantly varies 74KWh/m2 and 93KWh/m2, respectively. Another
example, household 17 and 13 share the samelfasmze but P17 consume more energy
than P13 around 87KWh/m2 and 72KWh/m2, respectively. It is appeared that the
practice of controlling the solar is occurred in households 4 and 13 especially during the
summer than the households 11 and 17. Also, houslid took advantage of two
upper bedrooms in the first floor for daily seating area because the first floor has one
HVAC unit supporting the whole spaces. The use of practice theory in this research
reveals that how technologies changes affect the reside@t LINJITiie & Somed
studies e.g. (Aune, 2007; Ellswoklnebs, Reid, & Hunter, 2015; Rinkinen & Jalas, 2017;

G f

Madsen, 2018 RA &40dzad K2¢ OKlIy3ISa Ay GSOKy2f23A

practices.

The coefficient variation of the annual ey consumption between the identical
homes is15% and the differences in energy (between the highest and the lowest

consumers) found of a factor of Z2Wh/n?.  This implies that thaterpretations of

this study provide the support to claim the importéic N f S 2F Ay KF 0 A G yi

the variability of energy consumption and this was explored by the use of practice

theory, that could not be explained by the material differensetely.

The findings demonstrated thatll NI A OA LI y (i & QmokdNey tiaedeshddfogy | FF S C

and institutional knowledge and rules elements. For instance, the implementation of
one HVAC unit that support the whole first floor spad@esulted in theiseof the upper
bedrooms as daily family seating area, some build anadldditionalroomsto suit their

needs related to the system. Others, using indoor specific spaces seasonally and one use
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the bedroom2 (has separated AC unit) in second floor increased when one member of
the family being the only one who is using the hofaeen the other historical practices
(e.g.wearing extra layers, swimming, having cold food, using additional electric heaters

found performed seasonally in a way to reduce their energy demand.

7.6 ChapterSummary

The discussionhapter has eplained the variations observed in the consumption
between the studed identical homes, and explainéde possible influences of social
practices based on the four element of practice thedtgchnology, engagement,
institutionalised knowledge and rulespnégw-how and embodied habits) Exploring
different aspects that affect the energy demand e.g. building orientation (absence of
external shading in heat gain orientations), home design (kitchen open plan area to
living room). In addition, the external weath (e.g. ventilation by opening windows)
YR AYKLEOAUGLY(a@ow$hgssethdrihames dNd it®ystantd)S Ehe
OKFLIGSN) SELX FAya (GKS AyKIFIoAGFYGaQ LINIT OGA
especiallybetween not only identical homes buh isome cases between the same
household size, level of education and home orientatifime inhabitant practices were
investigated through thaise ofpractice theory that offerech deepunderstanding of
the NBa A RSy ( atigat chobl-explairti® SiEsened variations and potentially

consider in domestic policy for improving current and future residential buildings
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Chapter 8Researclbnclusion
8.1 Introduction

The increased concerns about the high energy demandudiSlomestic buildings
has ledto this research.The review of literatureshows thata number ofSaudi energy
studies haveadvanced understanding of domestic energy use but that they have
concentrated on the technical elements of the building, such as the fabric performance,
thermal insulaton, and the integration of renewable energy sources. Moreover, these
studies relied heavily on predicted energy consumptidhis thesis was undertaken to
address thegap identified in relation to the problem definition that thereaslack of
knowledgeon what underlies the causes of the energy demand&audiresidential
sector e.gvariations in household energy use between houses that are the same. And
the gap between technical predictions of house energy use and the realities of
household energy use There is a growingange of literature from different
geographical locationge.g. Strengers, 2010GramHanssen, 2011; Strengers and
Maller, 2011; Foulds, 201Bladsen 2018; Larsen and Grakanssen, 2020) using social
practice theory and producing imghts of inhabitants everyday practices and their
consequences for the domestic indoor environment and ener@iie present study
YERS | O2y(NRodziAzy (2 1y26fSR3IAS 2F dzy RSNE
Saudi Arabia, as a new cultural geographicaO2 Yy G SEG> o6& Ay @SadAa3al
practices and the actual building performance (indoor environment and energy use).
The maintheoretical contribution in thistudy is developing detailed understanding of
0KS gl &a Ay &KA O HKelateyith lenzrgyldemaidinSGaudINdmesiiand S a
expanding the literature on domestic social practices. Furthermore, using post
occupancy evaluation mixed methods to study the performance of Saudi regulated
homes has provided complementary data.is founda number of domestic energy
studies use indoor environmental monitoring within practice theoriented research
(e.g.Foulds et al, 2013; Grafanssen, 2014€{ermeci, 2018)In this study, the indoor
monitoring methodcontributed to explaininghow social practices related to indoor

environment
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¢KS FAYRAYIE FNRY (KA& NBaASIHNOK KAIKEAIKI]
helps identiffng some issues across issues oftechnology, engagement,
institutionalised knowledge and rules whicheed to ® deemed important for

improving futureand/or currenthousing developments in the same or similar climatic

regions of the lngdom. The insights drawftom tK A & & (i dzRé& F o62dzi GKS
practices and their influence on energy need to be consideredBsSS A A 3y SR F2 ND X
GKFY WRSAAIAYSR 2dziQX o0& K2dzaAy3d LINRPFSaaAzy

This chapter provides an overview of key findings for each of the research questions.
Based on the findings of this research some suggestions for further reseagch ar
presented. Also, the faced limitations of the research are discussed. The chapter
provides some recommendations for the developer Royal Commission, policymakers,
and energy suppliers. Finally, it discusses some insights of social practices for Saudi

domestic policyThe following research aim and objectives were adopted in this thesis:

Aim: To understand the role of inhabitants practices of the energy use of Saudi

homes in order to provide recommendations for future home building projects.

Objectives:

1. Identify how much energy has been consumed in a selection of regulated
homes.

2. Evaluate how a selection of regulated homes are performing in relation to
thermal comfort.

3. Understand the usability of environmental control interfaces of selected
regulated homes.

4. Explain the influence of inhabitant everyday practices on energy consumption

and the indoor thermal environment.
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8.2 Overview of key findings in relation to research
objectives

8.2.1Research objectives 1 & 2

Identify how much energy has been come&d in a selection of regulated homes and
evaluate how these selected homes are performing in relation to thermal comfort.

Based on the research gap that mentioned above, the research made a contribution to
study the actual building performance (indoonmwaronment and energy use) in Saudi
homes. The research assesses real thermal comfort conditions, including air
temperature and relative hurdity, alongside energy consumption, to achieve the
stated research objectives (Chapt&). Energy consumption data were gathered by
collecting andanalysingthe actual annual energy usage (KWh/m2). Additionally, the
thermal conditions of twelve dwellingsese monitored over an eightonth period to
capture seasonal variations. Each dwelling was equipped with four mowmigmisyed

in different rooms to account for all orientations.

Previous Sadi existed studies (section 4. such as (Aldossary, 2015) focuses on
enhancing the technological aspect of the resiti@rbuildings by retrofitting solutions

for upgrading the building envelope (e.g. adding thermal insulation, double glazing and
external shading) to reduce the energy consumption. Applying these solutions can
reduce the annual energy consumption and ranigetween 21% to 37% for each
property. The suggested retrofit solutions provided in the study of Aldossary (2015)
(e.g. adding thermal insulation and double glazing) are already existed in the RC homes.
It is found that the annual energy consumptiontire present study is lower than the
annual energy consumption in (Aldossary, 2015). Another study of Alaboud and Gadi
(2022) shows the thermal performance of Saudi conventional residential building and
after it was retrofitted (e.g. adding thermal insulans). Their retrofitting results show

that by improving the building envelope, can reduce the cooling demand annually by

36.2%

The present study shows that the improvements in the building envelope has
contributed to provide comfortable indoor environment. The building use study

guestionraire results show thigaround 50% and & of participants are satisfied with
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the overall thermal comfort in their buildings in winter and summer seasons,
respectively. However, through the environmental monitoring, variations in indoor

thermal comfort of the twelve studied@®homes were noticed.

The monitoring data (Chapter 5) indicatbat rarely occupied spaces, such as Bedroom

2 and the guest room, exhibited mean indoor temperatures exceeding the
recommended ASHRAE standards during transitional periods and extreme summer
conditions. For living rooms, the average indoor temperaturesing) the summer
ranged from a minimum of 23.5°C to a maximum of 29°C for participants who regularly
use this space as a family seating area. These temperatures varied significantly
compared to other rooms, such as Bedroom 2, the guest room, and the radnodm.

In winter, the data revealed minimal variations in the mean indoor temperatures across
all measured rooms in comparison to the more pronounced fluctuations observed
during the transition and extreme summer periods. Winter temperatures across all
homes and rooms fell within the range of 20°C to 24°C. The variations in the indoor
environment across the three seasons highlight the potential need for improved
window shading, particularly in orientations vulnerable to heat gain, which may have
contributed to the elevated indoor temperatures during the transitional and summer
months. This, in turn, affects energy demand, with rising temperatures leading to
increased edctricity consumption (Figur@-3, Chapter7). Regarding relative humidity
(RH) levels, ata shows greater variability in winter, with levels exceeding 60%, while
summer levels were below 30%. These seasonal RH variations may result from the
inverse relationship between temperature and humidity, as well as tifileence of

residens' practices such as the use of humidifiers and ventilation practices.

The findings of this study reveal that the energy consumption in Sagdiated homes

was below 100 kWh/m2, significantly lower than the average electricity consumption for
conventional Saudi hoes, which is 156.5 kWh/m? (Alrashed and Asif, 2014). When
compared to international benchmarks, such as the German passive house standard
(120 kWh/m2) and the UK's 2020 leemergy homes standard (105 kwWh/m?), the energy
consumption in this study also renmai lower. However, the data indicate inconsistency

in energy usage across the studied sample. Despite the case studies being identical in

terms of house size, building materials, and layout, variations in energy consumption

179



were noted among participants.h€se findings suggest that energy demand in the
studied homes is influenced by several factors, including building orientation (such as a
lack of external shading on hegain facades), home design (e.g., of@an kitchen and

living areas), external weagh conditions (e.g., ventilation through window openings),

and residents' daily practices (e.g., how they interact with the home and its systems).

Even in theother contexts e.g. United States of America dehmark some studies

such as Sonderegger (1978Jackett & Lutzenhiser (1991) and Gr&tanssen (2010)

have shown variations although they use homogeneous samplébe study of

{2y RSNBIISNI 6mptry X LIPomoO O2yOf dzZRSR GKI
creates most of the observed variation in cde¥ LJG A 2y Q® 9 YLIKI aAaAy3
variability in energy consumption among participants in the present study, cannot be
solely explained by material differences, thellowing objectivesprovide deeper

understanding in which inhabitant practices relateiw#nergy demand in Saudi homes.

8.2.2Research objective 3

Understand the usability of environmental control interfaces in Saudi homes.

The theoretical contributiorof studying the technology element (e.daiome system,
home design and controlsgnd the Instutional knowledge and rules element (e.g.
home induction and home user guidépave helped to achieve the present study
objective3. Furthermore, these elements have helped to reveal some issues that have

an effect on the use of home system.

For ingance, he data indicate that the lack of home induction has resulted in the
improper use of the ventilation system and schedulingiess This underscores the
necessity of providing formal knowledge, such as home induction, to residents.
Furthermore, it was observed that the home user guide has impeded the effective
utilization of home systems, particularly among participants who mdpugperate
these systems. This challenge can be attributed to several factors, including the
guantity, complexity, quality, and language of the technical information intended for

residents. Additionally, there appears to be a knowledge gap on the parhef t
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developers regarding the varying educational backgrounds of residents who rely on the
home user guide, which may include differences in profession and proficiency in English;
these factors can either facilitate or obstruct the effective use of the guide
Consequently, all participants had to acquire knowledge on operating their home
systems informally through various means, such as consulting professionals, engaging
with neighbourhoodsocial groups, and utilizing resources like YouTube and company

websites.

The successrdailure of domestic technologies depends fundamentally on how they are
used by residents (Hargreaves et al, 2018)he data indicate that participants'
educational background, particularly in fields like engineering, influenced their use of
home systems. For example, some pap@cits with engineering backgrounds
retrofitted their HVAC system thermostats, opting for smart thermostats like the
Ecobee, which includes motion sensors. It was reported that the original thermostat
required manual adjustments by residents physically pré$n the home, whereas the
9020SSQa Y2iGA2y aSyaz2Nm |aarad oe aSyRAy13
system, thereby reducing energy consumption. Additionally, some engineers took
advantage of the system's scheduling features, allowing thenmetlate the indoor
environment automatically. In contrast, nengineer participants manually controlled
their home systems due to limited technical knowledge. This group tended to focus on
other factors that influence energy use and the indoor environmeath as optimizing
daylight use and adjusting their use of internal spaces seasoRalthermore, the data
revealed that having a single HVAC unit to control an entire floor, particularly on the
first floor, was not effective for reducing energy congution. Families with below
average size reported that this HVAC system was more suited for larger households,
while larger families suggested that the HVAC system should be divided to separately

control different spaces on the first floor.

Due to this limitation (number of HVAC units), some patrticipantgeligd on their prior
heating experiences by using additional electric radiat@ther than utilizng the
provided heating systemAs technologies will not always be understood and used as
designed ltarsen and Grarilanssen, 2020).he data from the present study revealed

that 42% of participants indicated that the HVAC controls were not-frserdly, and
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50% reported that the controls were inadequatépelled Additionally, approxnately

25% of participants assessed that the HVAC controls did not allow for sufficient
adjustments. Interview data further indicated that these participants had retrofitted
GKSAN) a8adSyQa GKSNx2aldlkda Fa | Nbssatf (6 & a?
uncertainty about whether they should interact with the HVAC contoolsot.

8.2.3Research objective 4

Understand and explain the influences of inhabitant evayyglractices on energy
demand and the indoor thermal environment.

To understand the variability shown in energygnsumption, bapter 6 focused on the

detailsof inhabitants practices antheir influence on the energy demant@he present

study addressed search aim and the gap that is found in the previous studies and it

made contributon oA Y @S A GA I GAYy3 (KS K2dzaSK2f RaQ LINJI
cultural and geographical contexthe theoretical contribution of investigating e.g. the
engagemenand routines elementhellSR (12 dzy RSNE Gl YR F YR SE L
practices that are performed in a certain way, in whichyhave an effect on the energy

demandandthermal comfort.

The data indicate that the concern over high electricity bills, expressed by all

participants, has prompted them to adopt various practices to reduce their energy costs.

These practices include utilizing alternative cooling methods such as swimming, taking
cold showers, consuming cold foods, and wearing lighter clothing. While these

strategies help mitigate the amount of time spent operating the air conditiorug,

they do not replace the need for the cooling system during extreme summer conditions.

As previously discussed in Objective 3, participants were categorized into two groups
based on their educational backgroundengineers and nowngineers which
influenced their lome system management practices. For example, some participants
utilized blackout curtains on their windows for part of the day to block heat from

entering indoor spaces, thereby reducing their reliance on air conditioning. Additionally,
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one familyemployed extenal shading screens on windows in regularly used rooms to
minimize heat gain, further decreasing the need for air conditioning operati©ne
family noted that instead of adjusting the temperature or turning the system on or off,
which could disrupt thehermal comfort of other family members, they would switch
seating arrangements in the living room based on individual comfort levels. Another
participant indicated that when using both the groufidor dining room and kitchen
simultaneously, they would arate the HVAC unit cooling the living room and kitchen
while keeping the door open between these spaces to facilitate airflow. This approach
eliminated the need to activate both air conditioning units on the ground floor, as the
living room and kitchen stre one HVAC unit while the dining room and guest room are

serviced by another.

Moreover, the choice of daily living spaces varied according to household comfort
requirements during summer. Participants reported using rooms with wooden floors
and leathersofas, which helped them feel cooler and reduced their reliance on air
conditioning. Practices such as varying clothing to accommodate individual comfort
preferences, consuming warm food, and utilizing natural daylight to heat indoor spaces

were also notedas energysaving strategies.

All participants tended to avoid using groufidor spaces, particularly guest rooms,
unless hosting visitors, leading to the air conditioning systems in those areas being
turned off. Some households practiced turning off tH&¢AC system when leaving home
for extended periods, while others preferred to maintain it at a set temperature. It was
reported that certain homes did not switch off the system to avoid longer wait times for

the system to reach a comfortable temperaturpan return.

Other practices that may have contributed to the variations observed in the indoor
environment and the energy consumptignda G Kl 0 2LISYyAy3 (1 AGOKSYyQ
summer. This negative practice alls hot air entering the home, and the limited flow

of air could increase indoor temperatures, as a result, increase the need for operating

the AC system and the duration time in the kitchen and living room section. It is found

that all residents involvedhithis study mentioned that they open the kitchen window

for ventilation during cooking time only for a few hours and then close it along with the

cooker hood. It is reported that performing this practice, participants are looking for
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stronger and fasteventilation. This suggests two key implications: first, there is a need
to assess the performance of the ventilation system prior to occupancy; second,
effective verbal and physical communication between developers and residents is
crucial. The architectural design, particularly the ogman layout connecting the
kitchen to the living room, has contributed to the observed variations in indoor
environments in residential homes. As a result, some participants have opted to
separate heir kitchens to enhance olfactory privacy and reduce thermal fluctuations in
the living room. Conversely, participants reported that their practices for window
ventilation varied depending on external weather conditions. For instance, some
residents operd their windows from morning until sunset during winter, while others
left their windows open for several nights. Additionally, the use of @alkred blackout
curtains, tinted films, and other window coverirtigparticularly on the east, west, and
south-facing orientations may exacerbate heat absorption and retention, thereby

increasing the reliance on air conditioning.

Laundry habits also differed among the studied households, influenced by energy
consciousness and family size; some participants diddiauonce to three times a

week, while larger families reported doing laundry daily. Hospitality practices across all
homes were found to be similar; participants indicated that the HVAC systems in guest
areas (for both males and females) were activatedimyrgatherings, along with

artificial lighting being turned on several hours earlier than usual. Some participants
noted that they activated the HVAC system the day before social events to ensure
comfort. The next section offers several future studies on the Saudi housing energy

demand based o the outcomes of this research.

8.3 Research contributions

This studyhas madea contribution to knowledge expanding the literature on
dzy RSNAR Gl yYRAY3I (GKS K2dzaSK2f RaQ SySNH& RSY!
context, by investigatingthe héduS K2 f RaQ LN} OGAOS&a FyR GKS |«
(indoor environment and energy use) in this research, that could help to address the

gap in the existing Saudi knowledgEhis approach has not been undertaken to date in
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Saudi context, according toisting energy studies. The interdisciplinary combination

of post occupancy evaluation methods with the practice theory approach used to

improve understanding of energy consumption in Saudi domestic buildings. A mixed

methods approachwas used to explorethe socialand technical contexts of Saudi

homes.The Usagef the practice theory helpdto understand and explore the possible

AYyFidzSyOS 2F K2dzaSK2f RaQ LN OiA0Sa 2y SySt

8.4 Further research

The research has focused on investigating inhabitant Q LINJ OG A OS a

on energy consumption in the domestic domairhis research has suggested further
d0dzRASEa GKFG OFy ©S dzy RSNIF 1Sy Ay NBftFGA

consumption, such as:

T

Investigatingthe energy consumpdin in domestic buildings through €o
design approacht is possible that homes will not perform as expected, both
in terms of their energy and carbon (O'Sullivan et al, 20E2)gaging
participants when designing domestic technologies e.g. smart techresogi
becauseW/ 2 Y LJS @r§ yhau§hanot static and with the integration of
smart home technology in the domestic sphere, spheating practices
OK I y13rSen andl Grasdlanssen, 2020.p18Exploringhe effect of their
engagements on the energy demarahd developing methods for the
participatory research that can be used for other future Saudi energy studies
or housing developersEngagingesidents may reveal the gap céuseshe

high residential energy consumption in Saudi Araltias highlighted byhe
study of { KAN} YA S dsdmptions: byH profesdionals tHat
consumers are passive, indifferent and disengaged may mask issues with the
dzal oAt AGe 2F GSOKy2f238Qd

Investigating the barriers to involving the postoccupancy evaluation
approach 6 be conducted in the housimgactices

Studying the intervention of Photovoltaics solar panels in the Royal

Commissiorhousings by the use of software simulation and what could be
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the barriers that prevent this from the housingpractices perceptive.
Interviewing the inhabitants on how are willing to implement timstheir
K2dzaSa |yR LINRPTFTSaaAz2ylfaqQ O2yaiARSNI G
practice for achieving energy conservation.

1 Studyingvariousexternal shading techniques to cope with climatbange
e.g. Roshandesign (section 2.3and its effect on reducing the domestic

energy demand, to avoid excessive haatl enhance privacy.

8.5 Research limitations

Without undermining confidence in the findings outlined above, it is important to
recognise the limitations of this work. As with all studies, the researcher encountered
some challenges and barriers when conducted the research. It is common for
qualitative research to have a limited sample size, which means that caution must be
takenwhen drawing conclusions from the resulf$e use of a casgtudy design frame
(see methodology chapter at sectidr) to explore in depth a small number of cases,
has uncovered rich data on the research topic. Due to the time limit of the research, the
researcher had access only to new house typology with scheme A in order to conduct
the research, although other types have a same number of bedrooms but with different
house sizes and layouts. The key challenge encountered during the study was
interviewing the participants as households (involving the whole family except children)
but it was only possible to interview one member of the family in most of the interviews.
lfa2sy Yy20KSNJ RAFFAOdz G FIFOSR RdzZNAy3a GKS
utility bills so it had to present a number of bills (eight) instead of Jthough the
findings cannot be generalised to the entire population, they are nevertheless indicative
and reveal knowledge that has wider significance across the field of dkearch
(Flyvbjerg, 2006). The findings from this research could potentially be considered in
relation to any other similar housing developments in the same or similar climatic
regions in the kingdom of Saudi Arabia. In addition, the RC is planning struazin
R2YSA0GAO0 OdA-VYRAYER RYRWWWHEI I ¥Q Ay Rdz(GNRL €
this study will be useful. Also, it is suggested that further studies to build on these

findings would be of value (see suggested future studies 6.3). rinsteof the
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methodology, in the second year when the data should be collected, the GI3VID
appeared and restricted some of the pastcupancy evaluation (POE) methods such as
the use of thermal camera to identify any heat loss and gain. The use of tHis too
required the researcher to undertake some training, but due to the number of
availability of this tool by the university and skills that are required, it has been restricted
to send this tool to participants during the pandemic. Also, due to the sbertd
HOBO sensors (provided by the university), the researcher haduwmealternative
monitoring sensors e.g. the use of smart sensors, and therefore a pilot study was
conducted tocalibrate the environmental monitoring sensofariginal and newjand

test them in usdefore sendinghem to the participants (chapter 3)The data of new
smart sensor had to be sent monthly by the participants, which may have led to some
of the data of some months are not available. Another limitation of the present study

relates to the building use study questionnaire (BUS). When this questionnaire was

LJdzo f AAKSR o0& GKS w/ RSGOSt2LISNE Al 61 a NBIJd

the questionnaire to ensure confidentiality. As a result, this hindered the research

from contacting participants for gaining further information.

The following section discusses some suggested recommendations resulted from this
study for the RC, and general recommendations for policy makers, that may help to

enhance the domestic eneyglemand and reduce the impact of climate change.

8.6 Recommendations

8.6.1Royal commission (RC)

T LYLNRGS GKS | FYyR2OSNI YR AYyRdzOUAZ2Y
but also to ensure that the home controls are properly demonstrated to the
inhabitants. providing mutual conversation between the residents and the
developer such as additional training sessions about the use of their home
through home visits or can be held in local community centre. This will

positively affect e.g. the use of the system vé&tton during summer or
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winter and its consequences such as health issue related to high or low
indoor relative humidity level.

1 Provide simple and translated home user guide to help the inhabitants
understand it in order to use their home systems in g/whaat it should be
to reduce their energy consumption.

1 Separatehe HVAQunitsonthe first floor may help the inhabitants to lower
their energy consumption as they will use the system according to the use
of the space.

1 Provide aternal shading on the t& gain orientations such as west, east,
and south as this will help avoid the issue of overheating.

1 Develop a clear and us#iiendly system thermostat with not only showing
the air temperature but also the indoor relative humidity level, which will
iNNB Il &S GKS AyKFoAlGlydaQ g NBySaa |yl
the use of humidifiers in indoor environments that already have high levels
of relative humidity.

i Utilise renewable energy forsupplying electricity forhomes, taking
advantage oflte sun availability and use e.g. solar PV systems. Saudi Arabia
is located in a part of the world where the average availability of solar
energy is 2200kWh/m2 (Alawaji, 2001: Aldossary 2013).

8.6.2Policy makers

This section describes beficial recommendations from the outcomes of this
study for differentbeneficiariesin the kingdomsuch asa National Energy Efficiency
Program (NEEPThisorganizationwas founded to discuss energy demand issues by
developing various energefficiency and conservation measures that target e.g.
residential buildings. In additiothe recommendation fothe housing developers in the
kingdom public diland private entities Finally, the recommendation can be beneficial

for the research organizations such #&sng Abdullah University of Science and
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Technology (KAUST) anding Abdullah Petroleum Studies and Research Centre

(KAPBRC) The recommendation as following:

9 Establish a sustainabtdeardefinition for the total energy consumption
in kWhm? as low or verylow for housingbasedon the local climate
conditions andculture, and incentive housing developers to meet this
target.

1 Incentive housing developers to involve pasicupancy evaluation (POE)
as one of the stages of the housing life cycle, as it @glll the next new
or/ retrofit developments.

1 Incentive housing developers to engage the residents in the design stage
in order to meet their needs, educate and enhance their knowledge on
energyefficiency,and how this can be beneficial for reducing theituire
energy demandnd reducing the impact of climate change

1 Incentive research organizations undertaking POE studies ey
contribute in increasing puiz awareness related to energy arder to

enhance their knowledge of energy use and efficiency.

87LYAAIKGA FNRBY AYyKIOoAGlIYyGaQ

This sectiorwas provided to present somnessons learnfrom social practices in
this thesis tdbe adopted in domestic policy Focusing on thiur elements of practice
building on Gr Y | 'y aaSy Qa(2010 f(tEcrridlgoy, a engagement,
institutionalised knowledge andiles,know-how and embodied habit)an be targeted
as they could enable or constrain performing practices. The following sections are
addressing each elements of pratitheory providing some examples on the area that

can be focus on.

8.7.1Technology element

This thesis found that the new provision of technologies (e.g. building

envelope and HVAC system) in residential buildings hinders or facilitatésrming
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practicesrelevant to energy demad ¢ KS A YLINRGSYSyidia YIRS A
envelopes have shown positive impact on the energy consumption in the studied
homes. Also, the thesis found that the provision of new technology of an HVAC system
in residential buildings as one of the system efficient options, maintains comfortable
thermal indoor environments for a long periadtime (even after the system turns off),

and to unify the indoor temperature in each space of the homes due to the difisibu

of the system vents, unlike the AC window units.  Privacy is a main factor that is
considered when designing domestic buildings in Sabthirhan at el, 2015; AlKhateeb
and Peterson, 2021) The studied homes showedarious considerations for privacy,
such as visual privacy achieved through the obeeflective glass with heat film on
windows and social privacy ensured by providing separate entrances for males and
females. However, the social practices observed in this thesis indicate that the layout of
the home, particularly the ground floor desmgrspecifically the opeiplan kitchen
adjoining the living room does not adequately support olfactory privacy, which is
deemed unsuitable for Saudi residential buildings. Consequently, some participants
limit the use of the living room for social gatherings a result, certain participants
have opted to utilize alternative spaces within the home or even construct additional
areas, leading to an increased demand for energy. Furthermore, this thesis highlights
that some participants have adopted everyday girees aimed at managing daylight in
frequently used spaces. However, this practice may inadvertently heighten reliance on
artificial lighting during the daytime, potentially resulting in increased energy

consumption.

5SaA3ayAy3a O2dz R Sy 02 dzNI IS ndbobrifortable, Awdiile I OO S LI
O2dzy G SN OUAYy3 ¢KI G Aa &iNBydz2 dior ekaypte, T2 ND A
isolating the kitchen from the living room is the key focus for developers as it can reduce

the demand for cooling, by mitigating the variations ire tmdoor environment and

enhance theolfactory privacy. In terms of the daylight, implementing e.g. shading
devices (e.g. side fins or overharan windows especially on heat gains orientations.

Learning lessons from the vernacular architecture e.g. dpphyi2 &K | y Q G SOKY A
(figure 2.5: chapter 2). These, support the use of daylight and could help to reduce the
SYSNH& RSYlIYyRI SyYyKIFyOS LINAGIO& YR AYyKI oAl
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Technologiesould be desigedto explicitly link to practicesThe number of HVAC usi
implemented in the RC homes, found reatfficientespecially in the first floor e.g. one
HVAC unit control all first floor spaces. Due to this, the thesis shows that one of the
seasonal practices of heating, historically brought from previous conveaaltioouse

e.g. the use of additional electric heaters. It is found that performing this practice
seasonally not due to the misusing of the system heating but rather to reduce energy

by heating accordingly spaces that occupied.

Thethesis results show thahe implementation of the HVAC system control in term of
automation (e.g. turning on/off) could help mitigating the system operation time and

impact on the energy demand. Opposite to AC window unit controls despite its ease of

use but required more intexctions than the HVAC (statistics showing that residents not

turning off AC when a space is not used: chapter 2). This indicates that the continuous
implementation of the HVAC system or other efficient systems (e.g. smart spilt AC units)

in residential budings among the kingdom, may help to impact on minimizing the
operation time. However, the results of this thesis pointed out that the HAVC system
control interfaces are not straightforward to use and some participants had to use the
system manually theame as the old technology (AC window unit). Also, it was found
0KNRdzZAK GKS LI NGAOALI yGaQ LINY OGAOSa GKI G
intended. This emphasises for engineers and developers to the urgent need for
simplifications in designm domestic control interfaces.Designing technologies in
GSN¥Ya 2F K2¢ G(GKS& | NB dzaSR FyR SELISNRASYOS
confusion. The thesis show how the HVAC system controls appeared to be insufficiently
labelled from the user persptive. Scripting technologie@elsma, 2003) in the context

of social practices and relate it to energy saving, especially when the new technology is
unfamiliar. { ONRA LJGa WINB GKS &dNHzOGdzN» £  FSI (dzNBa
actions while coudl SN OGO Ay 3 2 i KS NE QForoersnplétivel BYACH nn o @
thermostat settings could be labelled as numbers and each of the numbersstaipt

02 adZAd AYKFIOAGIyGaQ FOldz t-6REDPF FMBRIA BA S
RFBUGAYS@AGWNOQRAWYYY a4 Wy2d i K2YSQT WwWnQ
F2N) O221AYy3IKaK2gSNAYIAQUL O | RRAY3 G2 GKIFG
recommended indoor temperatures (28-26°Q0 RdzNAyYy 3 (GKS Y2RS Wwm
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scripting that loweing the temperature than 2Zwill increase the (inhabitant) energy
demand. Setting '3' can be elaborated to highlight the advantages of turning off the
HVAC system when the home is unoccupied from an ersaging perspective. Energy
savings can be realized even with a slight increaskdnmostat temperature settings,

such as adjusting by 1°C or 2°C (Alshahrani, 2018). This principle can also be applied to
the other modes ('4' and '5'), following a similar approach to technology management
and efficiency optimization.The thesis shows that some of the participants retrofitted

the originalsystem thermostat with smart seeking for flexibility and comfdterefore,

it might be flexible and comfortable to enable the thermostat to be controlled remotely

with consideration of scripted modes.

8.7.2Institutional knowledge and rules

The thesis shows that thalmost non-existent relationship (e.gformal
verbal knowledge) betweethose receiving and those providing information influences
the LJr NI AOALI yGAQ LINI OGAOSa& NIBftFbriedmplefitte G KSA I
main coding practices in the studied homes was the use of air conditioning but this
perform differently. Some participants everyday use their AC system manually, some
use it by scheduling and others retrofitted their system and use it remotely.is
appeared hat the institution was content with written informatioas a communication
method. Handing in a high amount of driven written informatisindered the use of
the home user guide. This implies that the detailed information is not an effective source
of knowledge for every resident due to the language that used and the level of technical

knowledge.

It is found that the language used of the written information was in English not in Arabic.
In addition, theinstitutional jargonbeing used to the target audiee (households), it
might be understandable from thiastitutions but seemed to bambiguousand easily

to be misunderstood by those who it is actually fdhe participants' levels of education
varied significantly, influencing how they interacted with their homes and their systems.
For instance, participants with engineering backgroundszetlitheir knowledge to

control their systems remotely through devices like the Ecobee or by employing the
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system's scheduling features. In contrast, remygineers exhibited a more manual
approach to operating their systems, which was shaped by their edut

backgrounds and understanding of the newly introduced technology.

Although the home user guide presents photos to help the residents, the latter was not
encouraging the inHaitants to engage with. However, it is found thathe quality of

the pictures provided there may have contributed to hindering the use of the home user
guide. Furthermore, large amount of information including civil/architectural,
mechanical, and electritaetails (figue 6-8: chapter6) contributed to disengagement.
Anotherfindingthat the home user guide was not paying attention to how inhabitants
use their home. For instance, instructions on how to ventilate their hevhether by
using theventilation system or using the windows (e.g. when, how long and the
consequencesor doing so). The thesis shows that participants everyday practices of
ventilation was through the use of windows when performing homemaking practices
(e.g. cooking and cleeng) even in summer season, this practice has led to affect the

indoor environment causing variations and as a result increase the demand for cooling.

Institutions could enhance the home user guide by tailoring it to the everyday practices
of residents. For instance, creating two distinct types of guides could help reduce the
amount of information presented and eommodate varying levels of technical

knowledge, including translated instructions for nEnglisraudience

The first guide could focus on cooling, heating, and ventilation systems, detailing how
to operate these systems and optimize the use of additioesources, such as windows

and doors. The second guide could contain information related to civil, architectural,
mechanical, and electrical details, allowing residents to refer to it when needing to
contact a service provider or company. Furthermore, eatablishing verbal
communication between the institution and residents through home visits was
emphasized as a necessary approach by all participants. This personal interaction could
facilitate better understanding and engagement with the home systemsnately

leading to improved energy efficiency and user satisfaction.
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In addition, doses of information about the home, its technologiesl amdoor
environment through external training sessions (e.g. held in the local community) this
similarly is provided for passive house residents in the Kiingeci, 2018)Also,
institutional short videos on guiding the inhabitants and make these videaitahle on
the institution website, this could help delivering understandable and effective formal

knowledge on the home and its systeMgnon and Foster, 2017)

8.7.3Engagement element

The thesis shows thahe financial concermf the electricity bills, has driven
participants to perform certain practiceg-or instance, the HVAC unit for the dining and
guest rooms was turned off, even if the dining room is used by the family, it can be
cooled by opening the door of the living room &t the cool air pass into the dining
room. Furthermore, some seasonal practices performed in the studied homes were
historical e.g. swimming, taking a cold shower, wearing less layers and having cold food.
In winter, practices such as wearing extra laydraving warm food and having BBQ as
source for heating were found. Also, the use of daylight increased in winter to warm
the indoor spaces and reduce the energy demand for heating. Educating the family

members to switch unused equipment was referreddeyeral interviewees.

Although the present thesis does not specifically address the secamomic status of

the participants it highlights a potential issue for lomacome householdsaoss the

kingdom, who maybe unable to afford energgfficient appliances Government

economic incentives could play a crucial role in supporting these households, helping

them transition to lower energy consumptioA study of Ouda et al (201%)ghlight

high percentages f Y STTFAOASY G SySNHe& 2F K2dzaSK2f RaAQ
refrigerator 53%, oven 72.7%, washing machine 68.2%, dryer 76.3% and dishwasher
81.8%. Saudi homes still reyang on the use of AC window units and are still available

on market due to its effective cosKfarti and Howarth, 2020)in general by doing this
(government economic incentivis may contribute to A Y ONBI 4SS GKS AYyK
awareness of themportance of the home energy efficient appliances and its use for

reducing energy consumption.
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Social expectations of hosting and turning off unneeded electrical appliances can be
targeted through social marketing campaigfest work, schools, universas, and
mosques)by focusing on the meanings behind of what inhabitants do. For instance,
associating these social expectations with actions that consume less energy e.g. lower
indoor temperatures (below the ASHREA standard) are not expected to be causider
as welcoming for guests. The engagement element shows how e.g. turning off
unneeded electrical appliances for some participants, the energy saving has not
influenced on performing it.Some participants reported that turning off the unused
electrical gpliances in unoccupied spaces (e.g. lights, TVs and computersadcg
relatively minimal impacbn the energy as the HVAC system, in which resulting in
negligence. Although this represents few participants in the present study, but it could
be performed by @ercentage of households across the kingddtowever,considering

this through the social marketing campaigns by focusing on‘heaning§behind
turning off appliances that are not needed can helpinréddyc3d Ay KF oA Gl yiaQ

Another important aspect to consider is the provision of smart metexssted in some
UK homesfor residents.Smart meters could assist inhabitants in identifying the energy
consumption associated with their daily practices, while alsoemsing their overall
energy awareness.The energy supplier couldptimise the knowledge on energy
consumption by infornmig the housebld/consumer with detailed energy information
about e.g. the consumption of this month is low or is high amcburage inhabitantto
reduce it. Also, how much energy goes where in the home by categorising the
consumption. Provide energy advice to housebsl in order to enhance their

knowledge of energy use and efficiency.

A study ofAldubyan and Krarti (2082 A4 K2 gAYy 3 (GKIF G mMmMow: 2F (K
energy consumption goes for lighting. It is found that the types of lighting were the
incandescent andhte fluorescent lamps, that are the most commonly used lighting

fixtures in Saudi residential buildingbi€l). This thesis illustrates thatajority of
Interviewees reported that they have replaced their liglgtinystem (e.g. fluorescent

lights) and instead sed lighting emitting diodes (LED) in order to reduce energy. This
positive practice that the participants have accomplished indicates that the developer/s

should target providing energy saving fixtures to help households reducing their energy.
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8.7.4Knowhowand embodied habits

¢tKS GKSaAra NB@GSFHfta GKIFG LIFNIGAOALN yia!
some households maintainxed routines, while others do not. For example, having a
single HVAC unit that controls the entire first floor is deemed unsuitable for participants
with flexible routines. As a resultparticipants reported implementing new split air
conditioning units to manually adjust their usage according to their routiAéso, some
of participants use additional electrical heaters that brought from their previous

experience.

The intention of designing the living room is that to be used for daily family seating area
and receiving guests. However, it is fduthat the layout design of the living room (e.g.
being open plan area to the kitchen) restricted the use of it. Consequently, some
separated the living room from the kitchen and provided it with AC split unit and some
use some of the upper bedrooms asilgdamily seating area. Moreovesthers built

additional rooms for daily family seating and for hosting guests.

The way that the institutional knowledge is presented (e.g. large arrays of technical
information) has not encouraged the househokespecially with unfixed routines e.g.
due to their working nature (shifts) have limited time to read and understand this in
2NRSNJ (2 1y26 K2g (2 TusisBow tdwShakhowhod ¥fela Q & & 2
embodied element connected to thtechnology, instittional knowledge and rules and

how a deficit of one element can lead to an effect on the other. It indicates for the
developers that how the knossow and embodied element is need to be considered
when designing technology and providing thestitutional knowledge. Designing or
AYLX SYSYGAy3 STFAOASY(H K2YS aeaidsSvya GKI

system units may help to reduce the energy demaiiie thesis shows that how

Q)¢

participants learned experiences from informal knowledge in orders® tlneir homes
systems. The learning by doings can be considered e.g. the home touring can involve

practical interactions with the technologies rather than talking about them.

Overall thisstudy hasontributed to international practice theory resedron domestic
energy use from a location that is very different to the geographical focus of most such

research. The discussion of insights from social practices was provided to illustrate
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some interventions that could be considered and embodied in Saoitiestic policy.

This can be achieved through the use of post occupancy evaluation approach after the
inhabitation stage to identify issues related to energy demand in Saudi residential
buildings. As this study shows its contributions to address the gape existing

1y26f SRAIS 2F dzy RSNEROFIYRAY3a (KS K2dzaSK2f R:
AYy@SadAariadAaya GKS AYyKFEoOAGEYyGaQ LINI OGAOSa

environment and energy use).
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Appendices

Appendix 1Research Projectformation and Methods
Guide

LYKFIoAGIYyGaQ tNrOGAOSa YR GKS LYL
Low Carbon Dwellings

Research Project Information and Methods Guide'
Dear Jalmudah Resident,

If you would like to take paiin this study please sigithe consent formthat will be sent via
email and return it to the researcher (contact details provided at the end of this guide) The
following information is given to you for future reference guidance about why the research is
being done and what it wilhvolve. Please take time to read the following information carefully.
Please askne if there is anything that is not clear or if you would like more informatios
contact details are provided at the end.

Who | am?

| am aPhD student at the Universityf &heffield. | am doing research on housing performance
in Jubail industrial city (JIC). | have chosediafthudah district to be my case study.

What is the purpose of this project?

To evaluate and monitor the physical performance of your home. In additiwill investigate

how your use of your home might affect the energy use as well as to find out what you think of
your home. By monitoring the temperature and relative humidity, and checking meter readings
for electricity in your home, | will be able &ssess if the real performance of the occupied home
meets the design target§.his measurement data will be compared with your thoughts about
using your home, using bhome walkthrough, two questionnaires and an interviewhis
information will help the Rgal Commission developers, constructors and designers to
understand how to build future environmentally friendly dwellings that are comfortable for the
inhabitants. The key findings will be included in my PhD thesis and later will be published.

What are the benefits to me taking part in this projeét

It will help you to understand how your home performs and how to use it to optimise levels of
comfort whilst reducing resource use and costs. The results of the monitoring will be analysed
and explained via &ebinar discussion for participants, enabling the group to learn together
also about their home performance and how to improve it. This will be beneficial for the JIC
community e.g. wheryou discuss technical problenand share your experience on solviag
particular issues with others.

How long will the monitoring last?
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I will monitor each home for 9 months, starting in January 2021 in order to assess both winter
and summer time conditions. The monitoring tools will be sent to you in December 2020 [you
need to follow the Covid 9 protocol | sent to you via email].

What equipment will be installed?

In order to accurately measure the performance of your home using simple easy to use home
monitoring equipment, | need your collaboration with checking thag iworking properly. The
equipment will be installed on a temporary basis for 9 months, and will be removed on
completion of the project leaving no trace behind.

Where will the equipment be installed?

The monitoring sensors for measuring temperature andhidity will be placed in 4 rooms in
your home to capture different orientations [living room, guest room, main bedroom and
bedroom in the second floor (See figure 1). The exact location of the monitoring equipment will
be discussed with you directly betomstalling it. Below are photographs of the equipment that
will be used.

Temperature and humidity sensors

Small smart sensor will be used to measure the temperature and humidity. These devices will
be placed on a convenient shelf or on the table inithems. Any energy costs associated with

this sensor will be reimbursed. The researcher has developed a visual guidance and short simple
video to show you step by step how you are you going to download the data in only 15 minutes.
Their most convenient lo¢i@n will be discussed with the residents of the selected homes.

245 1 587

Figure 1 Smart Sensor
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Installation of equipment

The equipment is small portable and very quick to install and remove. Please note that while
the monitoring is in progress you shouddt touch any of the monitoring equipment. When you
notice any damage to the equipment or its displacement please let me know as soon as possible,
so | can repair or replace any of the equipment for you. | have arranged short video on where
you need to phce the sensors in your home.

Ownership of equipment

The installed equipment is the property of Sheffield School of Architecture and the researcher
that must be returned at the end of the study.

Other tasks

As well as making measurements, | would tikelo home walkthrough e.g. how you use the
specific environmental controls in your home, identifying any issues arising from this and how
you use the space. Any picture is taken will be completely anonymiseditted#fy you and

your home. | may seelour consent to publish small parts of it, relating only to the
environmental, which will be highly anonymised. It will help me to checks various heating,
cooling and ventilation systems installed and addressed any issues you may have in your home.
| will also ask you some questions about how you use your home and what it is like living there,
from a comfort point of view.

The questionnaires will be carriedit, and will take approximately 30 minutes to be completed.
Towards the end of the project, you Wéllso be asked to take part in one interview, which will
take approximately 45 minutes to an hour to complete. The questions will be open ended and
the interview will be audio recorded.

Approximately once every month | will ask you to download and sémd sensor data.
Straightforward guidance instructions on what the software is needed and how to download
the data. Also, two reminders will be sent to you for downloading the data. The data
downloading procedure takes only 15 minutes for all sensors.

Wheat are the possible disadvantages and risks of taking part?

The only disadvantage of taking part in this study is the time taken for completing the two short
guestionnaires, interview, home walkthrough and downloading the data. There are no risks to
you oryour home, as all the monitoring equipment is fully removable. Some of the monitoring
equipment used in this study is fairly expensive. You will not be required to pay for any damages
to this equipment, accidental or otherwise, but | would appreciate ybelp to keep this
equipment safe from harm.
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Will my taking part in this project be kept confidential?

The consent form will be requested from you before collecting any data relating to your home.
It is a signing sheet for all information that is colestaibout your home during this project e.g.

if you want your home pictures to be share with others or not then your data will be kept strictly
confidential. Additionally your name will not be included in any publicationgamthing
identifying you will be removed It will be shown what personal information concerning your
occupancy, demographical data e.g. age, will be used in the study prior to its publication.

Contact for further information

If you have any further questions, please contact me by prwremail, given below.

Thanks for your collaboration,

Rawdah Alzahrani student at Sheffield School of Architecture, The University of Sheffield,

Mobile : +44xXXXXXXXXA +IB6BXXXXXXXXXX

E mailralzahranl @sheffield.ac.uk

Appendix 2Consenform

puf

Title: LYKFoAGEFYyGaQ t NFrOGAOSaE +y
Carbon Dwellings

Consent Form

Contact for further information

et
A
(0p))

Rawdah Alzahrani student at Sheffield School of Architecfline University of Sheffield,

Mobile ; +44XXXXXXXXXX | +9BBXXXXXXXXXX

E mailralzahranil@sheffield.ac.uk

L YLJ

Please tick the appropriate boxes

Taking Part in the Project

| have read and undexsod the project information sheet dated512/2021or the project has been fully
explained to me. (If you will answer No to this question please do not proceed with this consent fo
until you are fully aware of what your participation in the project wikan.)

| have been given the opportunity to ask questions about the project.

| agree to take part in the project. | understand that taking part in the project will indadw®leting
two questionnaires, being interviewed, being recorded (a)dhome walkthroughand environmental
monitoring.

| understand that by choosing to participate as a volunteer in this research, this does not create a l¢
binding agreement nor is it intended to create an employment relationship with the Usityeof
Sheffield.

O O o
O 0O60 O

201


mailto:ralzahrani1@sheffield.ac.uk
mailto:ralzahrani1@sheffield.ac.uk

| understand that my taking part is voluntary and that | can withdraw from the saidyny time before
installing and starting to monitor your home indoor environment; | do not have to give any reasons
why | no longer want téake part and there will be no adverse consequeritéshoose to withdraw.

]
]

How my information will be used during and after the project

| understand my personal details such as hame, phone nunalgeiress and email address or anything
identifying youwill not be revealed to people outside the project.

| understand and agree that my words may be quoted in publications, reports, web pages, and othe
research outputs

| understand and agree that other authorised researchers will have access to this data only if they &
to preserve the confidentiality of the information as requested in this form.

| understand and agree that other authorised researchers may ysamnymised data in publications,
reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of
information as requested in this form.

| give permission for thanonymised data that | provide to be deposittn[ORDAso it can be used for
future research and learning

O O O O O
O O oo 0O

So that the information you provide can be used legally by the researchers

| agree to assign the copyright | hold in any materials generated as part of this project to The Unive
of Sheffield.

]

Name of Researcher [printed] Signature Date
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Appendi3- Sensors Monitoring Guidance

The followingdocuments written in Arabicwere sent to theparticipants
alongwith the smartsensor kits
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Pairing...

Tap the device name from the below listing

Device Available

XT bT1rRy4dn

ApplefidrF Uib T BClhbip .1
LY k& u fF 'FGoogle playm "store
fiSensor bluée B F a W2 R

W(pomH o YMET 2bT BA .2

nFAHY e IXT 20 hb T Bp J .3
c oY wiF FAdd devicéux i
)2(Wp mt

Wo Fyt o b pGF wTr .4
Pairing byiw>X Mg F Tawy I M A
"device name

o bwdyxmvt GANYp J .5

oYwrk e pnp MCF nt K
)3(Wp md -

e pnp MakK A CF /€ B:WA b(E
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