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Abstract

Saudi Arabia is considered to be one of the highest consumers of energy per capita
because around 70% of its dwellings are uninsulated, which contributed to an increase
in its energy demand. Some research has been undertaken about energy consumption
in Saudi houses, which has focused on the technical and simulation aspects as a mean
to reduce energy demand. This research was undertaken to understand the inhabitants’
practices and how they may affect the energy demand in Saudi homes. It worked in
identical regulated homes in Saudi Arabia to advance understanding of the role of
inhabitants’ practices in overall residential energy demand. The research was
conducted by using a mixed methods approach and with the use of a practice theory.
Longitudinal and cross-sectional time horizons were used to collect quantitative and
gualitative 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 of Saudi dwellings. The improvement in the building envelope
helped to achieve lower energy consumption compared to the actual average energy
consumption for a conventional house. However, exploration of the causes of wide
variations presented in energy demand between identical homes provides deep
understanding on how inhabitants’ practices influence the energy demand in Saudi
homes through the investigation four elements of practices (e.g. technology,
engagement, institutionalised knowledge and rules, know-how and embodied habits)
and how they are brought together in the conduct of everyday life. Recommendations
based on the thesis results are presented for the Saudi Royal Commission. Finally, some
insights from social practices are provided for domestic policy to be considered for

future housings.
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Chapter 1: Introduction

Scientists around the world attribute much of climate change to the
rapid growth in human made carbon emissions that has occurred over last century
(Pachauri et al, 2014). Without rapid action to decrease these emissions, it is likely that
temperatures, heat waves, flooding and storm damage will increase (Stevenson, 2019).
Globally, greenhouse gases need to be cut significantly by about 50% by 2050 and at
least by 80% by 2100 (Pelsmakers, 2017). The housing sector is the single largest emitter
of all CO, emissions in the world (Jennings et al, 2011). The worldwide energy
consumption of residential buildings accounts for 40% of global energy consumption
(Bribian et al. 2009; Brebbia, and Pulselli, 2014; Al kanani et al., 2017). Climate change
can impact the indoor environment of the buildings and occupants’ health. For
instance, the increase of temperature impacts the indoor environment, which in turn
leads to an increase in the loads on the HVAC system and an increase in the energy
consumption in term of its impact on health by decreasing productivity due to extreme
temperatures and respiratory diseases (Spengler, 2012). A study by Berardi and
Jafarpur (2020) conducted in Canada shows that higher temperature leads to a
reduction of heating by 30% but it could increase the cooling by 15%-126% in the future
(Berardi and Jafarpur, 2020). Other study suggest that the Kingdom of Saudi Arabia
could expect an increase of the average temperature by 6°C in the summer months by
2081-2100 (Lelieveld et al., 2016). Constructing more energy-efficient houses may
reduce carbon emissions by 60% or more in order to mitigate climate change and its
impact on buildings (Tzikopoulos et al., 2005). Consequently, many of the developed
countries are addressing energy conservation in the building sector in general and in
residential buildings in particular. Some of these countries have established definitive
standards for the energy consumption in domestic buildings in kWh/m? as low or very

low to be met, based on the local climate conditions.

In the context of this research, Saudi Arabia is one of the highest consumers of energy
per capita, the annual per capita electricity consumption was around 100MWh in 2014
(Asif, 2016). With the rapidly escalating population in Saudi Arabia, the domestic
energy demand is increasing (Al kanani et al., 2017; Elgendy, 2011; Taleb and Sharples,
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2011; Almatawa et al., 2012). With such high residential energy consumption, a strategy
is urgently needed to reduce the consumption and so its impact on climate change.
There have been many previous attempts to minimise the high energy demand in

different cities of the Kingdom with technical solutions.

This chapter presents the research statement of the problem in Saudi Arabia in terms
of energy consumption and an overview of the housings demand. The chapter presents
the research-identified gap and the research contributions to the body of knowledge.
The research questions, aims, and objectives are developed. The chapter then provides

a thesis structure and brief explanations of each of the thesis chapters.

1.1 Problem of statement

The Kingdom of Saudi Arabia is one of the largest oil-producing and exporting
supplier globally. Saudi Arabia generated more than 99% of its electricity in 2017 using
fossil fuels (Krane, 2019). In 2011, 52% of the electricity was consumed by the domestic
sector (Figure 1-1) (Electricity, 2011; SEEC, 2013; Dawood and Vukovic, 2017). The
increase in the energy demand in Saudi Arabia has been driven by the rapid growth of
population and economic growth (Soummane, S. and Ghersi, 2022). Saudi Arabia is also
considered to be one of the highest consumers of energy per capita in the world (Asif,
2016; Felimban, 2019). It is reported that the total Saudi electricity demand reached
299.2TWh in 2018. It is found that this consumption is similar to more populated
countries e.g. Mexico, whose population was 127.5 million, compared to 34.2 million
for Saudi Arabia (Soummane and Ghersi, 2022). Energy consumed for air conditioning

alone represents 70% of the total national electricity demand (SEEC, 2013).
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According to the International Energy Agency (IEA), total electricity generation in the
kingdom of Saudi, increased by 1683% from 20,452 GWh to 344,209 GWh, between the
period 1980 to 2020 (IEA, 2020). Figure 1-2 demonstrates the increase in energy

generated and its direct relationship to the increase in carbon dioxide emissions during
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Figure 1-1 Energy consumption in Saudi Arabia by sectors (Electricity, 2010)

the past 40 years (Al-Tamimi, 2017: IEA, 2020).
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Figure 1-2 The growth of Saudi electricity generation and CO? emissions through four decades (IEA, 2020)
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One of the main problems found in Saudi buildings that building envelopes were not
designed to cope with the extreme weather (Al-Qahtani and Elgizawi, 2020). One key
reason for this high-energy consumption is that around 70% of Saudi dwellings are not
thermally insulated (Alshahrani and Boait, 2018; Alshenaif, 2015). It also has been found
that the lack of mandatory energy conservation for the domestic sector policies
contributed to high energy demand (Dawood and Vukovic, 2017). Although the building
energy efficiency code was introduced in 2009 and later in 2010 was mandatory for the

governmental buildings but was not enforced for all other buildings (Krarti et al, 2017).

All the factors mentioned above have pressurised government bodies in Saudi Arabia to
design and construct homes that use less energy and therefore reduce greenhouse gas
emissions. Studies conducted to develop sustainable residential designs in the Kingdom

of Saudi paid more attention to the technology aspect (literature review).

1.2 Housing stock in the Kingdom of Saudi Arabia

The construction sector in Saudi Arabia is the largest and fastest-growing market
in the Gulf countries (Ventures Middle East, 2014). This sector has great potential for
growth as the demand for residential, commercial, and industrial buildings continues to
rise (Alrashed, 2015). The residential sector is facing a strong growth as a result of the
Saudi population increasing (Figure 1-3) (Deloitte, 2010). The population growth
increases the demand for housing, and it need new housing that will be built has to be

energy efficient to reduce the energy demand and climate change (Figure 1-4).
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Figure 1-4 Housing Demand in Saudi Arabia (Ministry of Housing, 2020)

To meet the needs of the constantly growing population, the housings demand is very
high in the central, eastern, and western provinces of the Kingdom (Ministry of Housing,

2020). It is reported that around 300,000 residential units will be built by the end of

2025 (Argaam, 2023).

18



1.3 Research questions

Main research question: What is the relationship between inhabitant’s practices

and households’ energy consumption in dwellings of Saudi Arabia?

In order to answer the main research question, the following sub-questions were

developed:
1. How much energy do regulated homes consume in Saudi Arabia? And why?
2. How do Saudi homes and technology perform in relation to thermal comfort?

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

why?

4. How do inhabitants’ experience environmental control interfaces in everyday

life?

1.4 Research aim and objectives

Aim: The aim of the study is to understand the role of inhabitants practices in
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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1.5 Thesis structure

Chapter 1 Introduction: is the start point of the research. The chapter presents an
overview of the significance and the problem statement of the research. The chapter
presents an overview of the housing demand in Saudi Arabia and the developed
research questions, the main aim, and objectives. Finally, the chapter shows the

research contribution.

Chapter 2 Literature review: This chapter discusses clear justifications for choosing
practice theory as a research theoretical framework and overview of its elements. Also,
the chapter reviews of recent Saudi studies related to the subject of the research and
the identified research gap. Finally, the chapter presents the post-occupancy evaluation

approach in Saudi Arabia.

Chapter 3 Research context: the chapter presents an overview of the research context
such as climatic characteristics of Saudi Arabia, the demonstration of the vernacular and
the contemporary architecture of Saudi housing. Finally, the chapter highlights the

sustainability initiatives and challenges that the kingdom could face.

Chapter 4 Research methodology: the chapter describes the research design and the
sampling that was used to achieve the proposed aim and objectives. Also, mixed
methods approaches are presented with a clear indication of the chosen methods.
Descriptions of how data was analysed are also provided. The chapter has explained in
details the design that selected for the research mixed methods approach. Finally, the

chapter has covered and discussed the research philosophical standpoint.

Chapter 5 Identify how much energy has been consumed in a selection of regulated
homes and evaluate how these selected homes are performing in relation to thermal
comfort: the chapter starts with a description of the microclimatic data of the case
study. It describes the quantitative results of the research through the use of e.g.
environmental indoor monitoring (air temperature and relative humidity), building use

study questionnaires and energy bills. It provides descriptive analysis of the seasonal
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indoor environment in the case studies by. Finally, the chapter discuss the energy

consumption of the case studies.
Chapter 6 Understand the usability of environmental control interfaces in Saudi homes.

and explain the influences of inhabitant everyday practices on energy demand and the
indoor thermal environment: the chapter describes the research data deductively by
the use of the four elements of practice theory according to Gram Hanssen’s elements
(2010) (technology, engagement, institutionalised knowledge and rules, know-how and
embodied habits). Also, each of the four elements has several sub-themes. Finally, the

chapter presents a discussion of the inductive analytical themes.

Chapter 7 Research discussion: this chapter presents a discussion and triangulation of
the research data, encompassing both quantitative and qualitative data and analysis.
Also. It presents Interpretations of the seasonal indoor temperature, relative humidity,

and energy consumption with the inhabitants’ practices.

Chapter 8 Research conclusion: the chapter summarizes the research findings and
provides clear overview of key findings of each of the research objectives. Moreover,
the chapter explains suggestions for future work that can be built on the findings of the
present study. The chapter explains a brief description of the research limitations.
Finally, the chapter offers some recommendations based on the research findings for

the Royal Commission (RC), policy makers, and energy suppliers.
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1.6 Chapter Summary

The chapter has highlighted the research questions, aim and objectives for the
thesis, based on the problem definition, in order to explore and investigate inhabitants’
practices in relation to energy demand and the actual performance of Saudi regulated
homes in terms of indoor environment and energy use. This chapter has revealed that
the residential sector is a major contributor to high energy consumption in Saudi Arabia,
which is a significant problem. More than half of the electricity is consumed by the
domestic sector. This electricity is currently generated by burning fossil fuels in the
Kingdom. Another factor resulting in high energy consumption is the limited
implementation of mandatory energy conservation policies. In addition, the growing
population increased the demand for housing across the kingdom. Also, the literature
review in this research rigorously demonstrates that previous energy studies in Saudi
have focused more on the technical and simulation aspects as a means to reduce energy
demand. There is a lack of knowledge on what underlies the causes of energy demand
in Saudi residential sector that can account for wide variations in household energy use
between houses that are the same and the actual energy use in reality rather than as
simulated, revealing a critical research gap. Therefore, this research is being conducted
to help to produce a fuller understanding of the causes for this demand, and to produce
learning on how to minimise energy demand with implications for current and future
developments in the Kingdom, and in similar climatic regions in the kingdom. A practice
theory approach with post-occupancy methods helps to provide a rich analysis of hidden

reasons behind the high energy demand in Saudi dwellings.

22



Chapter 2: Literature review
2.1 Introduction

The chapter discusses the 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 of the post
occupancy evaluation, definition and its benefits. Finally, the chapter has discussed
various existing energy studies related to domestic buildings, clarifying the current gap

in the literature to underpin the research aim and objectives.

2.2 Justification for using practice theory

After the research gap was identified, which was a lack of knowledge on what
underlies the causes of the energy demand in the residential sector for example, what
could underlie variations in household energy use between 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, it is found not sufficient. 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 dwellings. Previous studies have used different theoretical and

empirical approaches to identify factors that contribute 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 decision-making and behaviour is planned to achieve a goal based on
values, attitudes, and norms (Stevenson, 2019). Social Practice Theory supports a
holistic understanding of e.g. energy consumption. A growing number of scholars are
arguing that the ‘individualistic’ perspective is fundamentally flawed (Warde, 2005,
Shove, 2010, Hargreaves, 2011, Shove et al., 2012, Foulds et al., 2013). As stated by
Stevenson (2019: p45) one of the key criticisms of behavioural theory is ‘the separation
of people from the influence of home technologies or energy policies’. For example, the

study of (Faiers et al., 2007; Gill et al., 2010) that explored human behaviour within
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residential settings to explain the reasons why home inhabitants act the way they do. It
focused on the individual, assuming a consistent behaviour pattern based on external
determinants. However, in practice theory, the attention is redirected from the
individual decision-making and centred on the practice itself (core unit), rather than the
individuals who perform them or the social structures that surround them (Hargreaves,
2011; Shove & Warde, 2002). However, the role of individuals is not neglected in
practice theory, the individuals become ‘carriers’ of social practices who carry out the
various activities and tasks that the practice requires (Reckwitz, 2002; Hargreaves, 2011,
p.83). In the context of the domestic buildings, practice theory focuses on the analysis
on the mundane (e.g. cooking, showering, cleaning) and routinized practices of
household’ everyday life. Other studies of (e.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 indoor domestic environment. It has been used and tested by
previous studies, demonstrating its capability to provide guidance in the investigation
of empirical data. Social practice theory has been selected as an appropriate and useful
theoretical framework in helping the researcher fulfil e.g. the third objective ‘To
understand and explain the influence of inhabitant everyday practices on energy
consumption’. In which this theory focuses on the analysis of ‘a routinized type of
behaviour’ (Reckwitz, 2002, p.249) of everyday life and emphasizes the context 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 practices 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 decision-making in
everyday domestic life (Shove & Guy, 2000). 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 in the 1970s and have
been applied to analyse a broad range of phenomena such as, policymaking, culture and
consumption (Nicolini, 2012). There is a rapidly growing literature on social practice
theory, highlighting the importance of adopting a practice approach to understanding
and developing strategies to reduce domestic energy demand (Ellsworth-Krebs, 2017).
Practice theory recognises the influence of its elements on the performance of the
practices (Kermeci, 2018). Practice theory has developed through work of the
sociologists Bourdieu, Giddens and then developed by Schatzki, Reckwitz and others
(Table 2-1) (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 since the
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 of practice is
the role of meaning and linked to purposes or aims ‘teleoaffective’. Schatzki defined
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).

The exclusion of non-human materials, technologies, objects and things are considered
as key limitation of Bourdieu and Giddens accounts of social practices (Shove et al.
2012). Furthermore, the importance of including nonhumans in 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 practices (Maller, 2015). The impact of non-human or
materials objects on human activity was covered by Reckwitz, which is attributed largely
to Bruno Latour. The materials objects are actors in human activity, non-human and
human actors are accorded equal treatment. Reckwitz defined a practice as a routinised

behaviour that involves interconnected elements of bodily and mental activities, objects
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or materials and shared knowledge, skills and competences (Warde, 2005). In Reckwitz’s
description, practice theory elements which include: body, 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 intellectual 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 know-how), and the agent
(individual) is the carrier who carry out the 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 and feeling. 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 shakes 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).

Reckwitz, Shove and Pantzar also emphasise that technologies are an important
element in holding practices together. In addition, Warde (2004) focuses on ‘things’ e.g.
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
of competences within elements of practices (Gram-Hanssen, 2011). Furthermore,
Shove (2003) highlights the importance of focusing more on the routinised and
technologically structured parts of the consumer practices in order to understand

households’ energy consumption.

There is no agreement on naming the elements among the theorists, social practice
theory is defined differently by different theorists (Schatzki 2002, Reckwitz 2002, Warde
2005, Shove and Pantzar 2005, Gram-Hanssen, 2010) as shown in Table 2-1. Schatzki
states that practical understanding (also known as embodied routines or know-how)

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

together (Gram-Hanssen, 2010).

Table 2-1 Practice Theory Development (Loscher et al., 2019)

Schatzki Reckwitz Warde Shove- Gram-
(2002) (2002) (2005) Pantzar Hanssen
(2005) (2010)
Practical Body Understandings Competences  Know-how
understanding Mind and
The agent embodied
habits
Rules Structure/process procedures - Institutional
knowledge
and rules
Teleoaffective knowledge Engagement Meanings Engagement
structures Discourse/language
Technology/ Things Items of Materials Technologies
things consumption /things/
products

Warde, Shove, and Pantzar added two further items — products/stuff (Shove) and items
of consumption (Warde) as an element holding practices together, rather than a result
of social practices as held by Schatzki. Gram-Hanssen 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, Gram-Hanssen particularly emphasised
that ‘knowledge’ and ‘rules’ components are important, Gram-Hanssen (2010) builds on
Schatzki’s notion of ‘explicit rules’ an element that is not included in Shove’s definition.

While Schatzki excludes the tacit knowledge or implicit rules

Shove and Pantzar (2005) write about competences and do not differentiate between
theoretical knowledge and implicit rules, which is not appropriate when dealing with
housing energy consumption, according to Gram-Hanssen (2010). Gram-Hanssen (ibid)
stated that differentiating between different types 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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Gram-Hanssen (2010) to Practice Theory, will be followed in this research. She proposes
that there are four elements holding practices together. know-how and embodied
habits, institutional knowledge and rules, engagements, and technologies. Know-how
and embodied habits meaning the routinized practices that 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 ventilation system 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 do things and 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 (Gram-Hanssen, 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
predominantly occurred 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 Gram-Hanssen’s articulation of practice theory is the technological
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 (Gram-Hanssen, 2010).

Researchers who applied practice theory in their research, base their analysis on
different approaches of the theory according to their suitability in achieving the
objectives of their studies. Therefore, the approach of Gram-Hanssen to practice
theory, emphasising the socio-technical determinants of social practices, is followed and
found particularly relevant to this socio-technical study. Energy use in buildings is not a

technical but a socio-technical phenomenon that seeks to understanding the
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relationship between people and technology (Chiu et al, 2014). Energy consumption is
not a practice in itself as Gram-Hanssen stated, but practices are all the different things
that people do at home which consume energy, such as cooking, washing, etc (2014,
p94). Gram-Hanssen’s framework has been applied in domestic (Gram-Hanssen, 2010)
and nondomestic environments such as the study of (Pothitou, 2020) to understand

energy use practices.

2.4 Existing research on domestic energy use

The systematic literature review (SLR) approach was chosen for this research
which investigated the literature to see if any studies covered inhabitant’s practices in
Saudi dwellings using Post Occupancy Evaluation (POE). Searching for relevant studies
by using the search string steps that are developed to be used in electronic databases

(Bettany-Saltikov, 2012; O'Brien and Guckin, 2016).

In the environmental studies 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 heavily on the technological structures. However, there is no
evidence of a study in Saudi Arabia that consider the social aspect e.g. residents’
practices revealing a major research gap. Equally none of the studies discovered for
Saudi have used comprehensive POE 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 of Riyadh) with mountainous topography (City of Al-Baha).
Taleb (2011) analysed the technological structures of six- existing apartments in the
context of Jeddah City and established guidelines towards achieving sustainable

architectural practices within the Saudi residential sector.

Ghabra (2018) focused on the ‘technology’ element to propose building envelope
design solutions that aim to reduce high energy consumption and cooling loads while
maintaining comfortable indoor environments for high rise residential buildings, in

Saudi Arabia particularly in Jeddah City. Furthermore, Alrashed’s (2015) study
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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 used Dhahran 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 on simulation 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 the system control and test the technology performance in

relation to inhabitant’s perceptions.

Aldossary (2015) used computer simulation (e.g. IES-VE Simulation) taking into account
the building form, fabric, inhabitants’ behaviour, and climatic conditions. The simulation
examined the reduction of energy 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% to 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% for the 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 Energy Simulation 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 glazing and importing 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, especially during 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 energy 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 the thermal 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 high-rise 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 constructions 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 Mushait. The 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 climates 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 gain (Zakaria and Kubota,
2014). Therefore, the study of Alrashed (2015) designed for just 16m? courtyard area in
a house area of 200m? resulted in increasing the energy in cold climate of Khamis

Mushait city.

Also, the study of Krarti et al. (2020) used various energy retrofit measures for three
typologies e.g. 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 lighting system

and cooling appliances. The predicted simulation results show that these measures
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reduce the annual energy consumption by 50%. Furthermore, a study of Arafah (2022)
analysed the building envelope variables in an existing building in Riyadh capital city of
Saudi Arabia. Measuring its effects on the energy consumption and the cooling loads,
following ASHRAE 90.1-2019 and LEED guidelines. The researcher has used computer
simulation such as REVIT software and the Hourly Analysis (HAP). The study concluded
that by altering the wall thermal resistance, window thermal transmittance, solar heat
gain coefficient, window-to-wall ratio, building orientation, and sun shading devices, the
building envelope could save cumulatively 9.91% of energy consumption and 16.2% 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, however; it is based on
approximation from average default values rather than inhabitants’ behaviour
(Stevenson, 2019). A study by Ibrahim and Alfraidi (2018) was conducted for low-
income of Hail region’s Al-Ghazalah housing development that comprises 250 units in
Saudi Arabia. The region is located in the northern part of the Kingdom. The study aim
was to investigate the inhabitant’s satisfaction with their current living in that
development. The results from the questionnaire illustrated that inhabitants of the 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 a result, the
units had the same number of rooms without taking into consideration the family size.
This study adopted a quantitative approach only to identify the resident’s satisfaction
on the building’s functionality, e.g. housing lay out. Like the other studies mentioned
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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There is a number of international domestic energy studies such as the DEMAND
research centre in the UK, argue that there is a gap in building energy performance
between what predicted and what is in use (e.g. Gram-Hanssen and Georg, 2018; Palmer
et al, 2016; Gram-Hanssen et el, 2017; Gram-Hanssen, 2010; Majcen et al, 2013; Shove
and Walker. 2014). The body literature of these studies refer this gap to the
misunderstanding of the inhabitants’ practices and importance of its consideration in
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 energy use in
situations like that of the Kingdom of Saudi Arabia. The next following section is
describing the definition of the post occupancy evaluation approach, benefits and its

role in this research.

2.5 Post occupancy evaluation (POE)

Post Occupancy Evaluation (POE) is a stage of building performance evaluation
process, that evaluates the building after it is completed and inhabited. POE is defined
as ‘the process of understanding how well a building meets the needs of clients and
building occupants. POE provides evidence for a wide range of environmental, social,
and economic benefits. It can also address complex cultural issues such as identity,
atmosphere, and belonging’ (RIBA, 2016, p6). POE has been viewed as part of the BPE’s
process and ‘tool’ that evaluates ‘buildings in a systematic and rigorous manner after

they have been built and occupied for some time’ (Preiser and Vischer, 2005.p8).

The purposes of POE can be defined in two further ways. It is a direct approach of
evaluating the design by examining the design innovations, design features for certain
group of occupants or the design process of a project. POE also evaluates the
inhabitants' comfort, satisfaction, health and investigate the factors that affect their
satisfaction, understanding their experiences of a space and their subsequent

behaviour. On the other hand, the indirect approach of POE is to identify issues which
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reveal functional failures or defects and the issues related to occupant control (Gill et
al, 2011). Post occupancy evaluation is considered as the final step in a cyclical process
of building life cycle. POE studies provide the knowledge feedback to improve a
building’s current conditions as well as to guide design in future projects (Zimmerman
and Martin, 2001; Meir et al., 2009). Bordass et al. (2006: p11) described this type of

building knowledge ‘feedback’ as a process of:

‘...learning 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 are about to do’.

Feedback refer to reported information about the level of success (or failure) of e.g.
building technologies and other areas related to occupants e.g. their satisfaction. Also,
due to the valuable feedbacks that can be offered as an outcome by a POE 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 increase across the kingdom.

Combining practice theory with Building Performance Evaluation (BPE) is useful to
bridge the gap that BPE presents. Building performance evaluation ignores the meaning
and habits that shaped by cultural beliefs and the societal forces that create and define

housing needs (Stevenson,2019). Whereas, practice theory addresses this deficit.

2.6 Research gap

The literature reviewed highlights that there is a lack of knowledge on what
underlies the causes of the energy demand in Saudi residential sector e.g. variations 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 of Saudi energy 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 into account the social everyday

practices. Also, the literature review revealed that there is a lack of post occupancy
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evaluation studies to study domestic energy consumption in Saudi Arabia. There is a
growing number of building performance studies around the world that show how social
practices play a significant role in the energy performance of buildings (Brown and Cole:

2008; Gram-Hanssen: 2010).

2.7 Chapter Summary

This chapter has revealed that the building sector is a major contributor to high
energy consumption in Saudi Arabia which is significant problem. More than half of the
electricity is consumed by the domestic sector. This electricity is currently generated by
burning fossil fuels in the Kingdom. Another factor resulting in high energy consumption
is the lack of mandatory energy conservation policies. Therefore, research is being
conducted to help minimising the energy demand and develop associated residential
design polices in the Kingdom. However, the literature review rigorously demonstrates
that previous energy studies in Saudi have only focused on the technical and simulation
aspects as a mean to reduce energy demand. The literature review also revealed the
deficiency of studies around the inhabitants’ practices in their homes and relation of
that with the actual energy demand, rather than as simulated, revealing an important
research gap. This study investigates the relation between the inhabitant’s practices and
the energy demand in Saudi dwellings. A practice theory approach helps to provide rich
analysis of everyday practices in homes, which is fundamental in order to comprehend
the various levels of energy consumption. There is a need to investigating and
understanding the residents’ routines, know-how, knowledge, and their engagement

with energy technologies makes to the energy demand in Saudi homes.
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Chapter 3: Research Context
3.1 Introduction

This chapter begins with an overview of the background of the research context,
e.g. climatic data of Saudi Arabia and its architecture. 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 the kingdom of Saudi could face are explained.

3.2 Climatic characteristics of Saudi Arabia

The climate of Saudi Arabia varies from one region to another (Figure 3-1). Since
the Kingdom of Saudi Arabia falls on a latitude of between 16 and 32 degrees north, the
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 (Taleb, 2012). 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, hot and humid,
moderate (Alwetaishi, 2019). Three cities central (Riyadh), Coastal (Jeddah) and South

Western (Abha) have used to demonstrate the climatic zones of each region (Table 3-1).
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Figure 3-1Geographical topography of Saudi Arabia (Alwetaishi, 2019)

Table 3-1 Characteristics of the Climatic zones (Albogami and Boukhanouf, 2019)

Regions Central Coastal South
Western
West highlands (>2000 m)

Climate zones Dry and hot Hot and humid Moderate climate
city Riyadh Jeddah Abha
Average annual temp °C 24 23 17
Average January Temp °C 13 12 11
Average July Temp °C 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 South-Western Highlands, even during the summer. The coastal region which
classifies as semitropical, and the humidity during the summer is very high (Maisel and

Shoup, 2009). Table 3-2, Table 3-3 and Table 3-4 show three cities, representing each
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region: Riyadh is the capital city 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 (South-western).

Table 3-2 Average Minimum and Maximum Temperatures in three Different Saudi Cities (National centre for
meteorology, 2019)

Riyadh Jeddah Abha
Months MIN  MAX MIN MAX MIN  MAX
January  6.9°C 20.1°C 18.2°C 28.9°C 7.7°C 19.5°C
February  9.3°C 23.3°C 17.9°C 29.4°C 9.3°C 20.9°C
March 13.2°C 27.7°C 19.3°C 31.6°C 11.1°C 22.8°C
April 18.4°C 33.3°C 22°C 34.8°C 12.7°C 25.1°C
May 23.4°C  39.4°C 24°C 37.1°C 14.8°C 28.4°C
June 25.3°C 42.6°C 24.8°C 38.2°C 16.6°C 30.8°C
July 26.4°C 43.7°C 26.4°C 39.4°C 17.1°C 30.5°C
August  26.3°C 43.7°C 27.3°C 38.7°C 16.7°C 30.4°C
September 22.9°C 40.6°C 26.3°C 37.6°C 14.9°C 29.4°C
October  18.2°C 35.5°C 24°C 36.6°C 11.4°C 25.9°C
November 13.3°C 28.1°C 22.1°C 33.3°C 8.8°C 22.8°C
December 8.4°C 23.3°C 19.9°C 30.6°C 7.2°C 20.7°C

Table 3-3 Monthly Mean Total of Rainfall in three Different Saudi Cities (National centre for meteorology, 2019)

Months Riyadh Jeddah Abha
January 16.6 11.1 16.8
February 9.2 3.2 21.5
March 21.8 2.5 45.5
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 25.5
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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Table 3-4 Monthly Mean humidity in three Different Saudi Cities (National centre for meteorology, 2019)

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 of Saudi Arabia, extreme temperatures above 48°C are common during
the summer. However, the temperatures are comparatively low in the southern region
and this results in a pleasant summer. Humidity is high on the western coast, eastern
and mountain regions all year round due to the geographical location. Moreover, the
north winds bring sand storms from the northern deserts. This wind is strongest in

February and March.

3.3 The architecture of Saudi Arabia

This section explains an overview of the two types of Saudi architecture;
vernacular and contemporary. The vernacular architecture in Saudi Arabia is different
from one region to another. However, during 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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3.3.1 Vernacular 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, hot and dry in the centre of the country. The Hijaz
region is 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) region (Figure 3-2), the Arabian Gulf region (Figure 3-3) and northern
region, are characterised by a courtyard in the centre of the house, with two individual
entrances at opposite sides of the house for gender separation. In addition, the
courtyard is advantageous for ventilation and daylight. Openings within a courtyard in
the centre of the house (Figure 3-2), do not omit the direct sunlight into the house, and
allow the indirect natural light with natural air ventilation in the house. This 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 Architecture Style of Najd Region (Lama Alhamawi, 2021)
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Figure 3-3 Vernacular Architecture Style of Arabian Gulf region (Arab News, 2019)

The Hijaz region houses, in contrast, comprise two to five stories (Figure 3-4). One of
the traditional Hijazi houses feature Roshan wooden balconies or windows that are
decorated with ornamental carvings that sometimes extend over several stories (Taleb,
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
resident’s privacy (Figure 3-5). Al-Murahhem (2008, p.16) defined 'Roshan' as “an old
term used for a wooden projected window found in the Islamic world”’, known as

Mashrabiya in Egypt and North Africa.
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Figure 3-4 Vernacular Architecture Style of Hijaz Region (World Heritage Convention, n.d)
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Figure 3-5 Roshan Window of Hijaz Region (Trilivas, 2021)

The Southern region (Figure 3-6) houses comprise more than 4 floors with small
windows for privacy and relatively small area of about 100m? (Abu-Ghazzeh, 1995).
Moreover, the traditional houses are painted internally, externally, and around the

window’ frame in bright colours with geometric designs and floral motifs.
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Figure 3-6 Vernacular Architecture Style of Southern Region (Arab News, 2022)

The construction materials vary from one region to another due to the climate
conditions. For instance, the vernacular architecture in Hijaz region structure with
massive coral stone, locally called ‘Hajar al mangaby’ (Figure 3-7). Due to the softness
and porosity of coral stone, walls have been reinforced horizontally by wooden beams
(Figure 3.8) (Al-lyaly, 1990). The floors and roofs were structured with timber boarding
laid on wooden joists. The type of wood used for the structure was called ‘Al gandal’.
The main construction materials of the eastern vernacular architecture are coral stone,
mud, and wood (Babsail and Al-Qawasmi, 2014). Roofs were constructed with palm
trunk and tamarisk branches used to make the roofing poles (Attia, 2014). Tamarisk has
the ability to expand and shrink with changes in weather and resists cracking (ibid). The
traditional construction materials in the central region (Najd) was mud bricks by mixing
mud, water, and straw (Figure 3-9). Also, mud was used as a plastering material for
internal and external walls (Facey, 1997). External walls were thick, about 50—-80 cm to
perform as highly effective insulation from excessive heat in the summer e.g. the u-

value of 60cm mud wall is 0.6 W/m?K. In the southern region (Asir) the traditional
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housing materials were stone, mud, and wood (Figure 3-10). Arundo donax trees 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 through insulation (Susilawati and Al Surf,

2011).

Figure 3-7 Hijasz Region building materials Coral (hajar al mangaby) (Nyazi, 2018)

Coral stones

Mud mortar

Qandal logs

Figure 3-8 Hijasz Region building materials wall structure (Al-Lyaly, 1990)
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Figure 3-9 Najd Region Building Materials (Mortada, H., 2016)
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Figure 3-10 Asir Region Building Materials Stone and Mud Wall (Altaledi, n.d)

3.3.2 Features of contemporary architecture

Modern residential buildings in Saudi Arabia can be divided into three main
types: apartment complexes, villas, and high-rise residential buildings (Figure 3-11,
Figure 3-12, and Figure 3-13). The apartment complex in Saudi Arabia is called ‘Emarah’
in Arabic; it typically contains two to five floors. This type of building is preferable 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 class in Saudi society and comprises
a maximum of two storeys. Villas 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 province of Saudi Arabia. Their
employees were considered to be from the high class of society (Al-hathloul, 1981;
Akbar, 1998; Alharkan, 2017). The villa has a courtyard with a fence around the villa to

ensure privacy for the resident. The high rise type of residential buildings usually can be
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found in areas that are experiencing high density of population, including large cities

such as Riyadh and Jeddah.

Figure 3-11 Typical apartments in Saudi Arabia (Arab News, 2020)
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Figure 3-12 Typical villa in Saudi Arabia (Susie of Arabia, 2020)
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Figure 3-13 Typical high residential building in Saudi Arabia (Susie of Arabia, 2017)

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 materials and their cost
effectiveness, the main Saudi residential buildings materials are reinforced concrete for
the floors and internal and external walls (Figure 3-14) (Lasker, 2016). Some buildings
use metal to support the structure. For the fagade facing bricks, plaster, stones, glass or
marble is used. Wood is used sometimes for windows and internal doors but not utilised
structurally in the building frameworks. 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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Figure 3-14 Building construction in Saudi Arabia (Taleb, 2012)

3.4 Sustainability initiatives in the kingdom of Saudi Arabia

Due to the rapid economic growth and population increase, there was a sharp
expansion in Saudi electricity consumption from both the building and 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 a goal for the government of Saudi
Arabia (vision 2030, 2016). The 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 has emerged to assess building performance and sustain

the country’s natural resources (Arafah, 2022).

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 CO; emissions (AlFaraidy and Azzam 2019). It started by increasing the price

of local fuel for industrial firms in order to use energy efficient technologies (Matar
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2016; Alardhi et al, 2020). Moreover, The Saudi Building Code (SBC) was formulated
based on the International Energy 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 governmental initiative is the Saudi Energy Efficiency Centre (SEEC), which was
created to rationalize the production and consumption of energy in order to increase
the energy efficiency in the Kingdom, to preserve Saudi’s natural resources and enhance
the economy. A National 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).

Furthermore, 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 air conditioners, refrigerators and other, it includes
clarification of the appliances' performance as shown in Figure 3-15. 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 to the least (G) (Saudi
standards, 2019). In addition, it will contribute to rationalize the electricity consumption
on the country and the consumer, which leads to reducing the burden of monthly
expenses. Astudy by Ouda et al (2017) conducted survey to assess the public awareness
on energy conservation and residents’ willingness to use energy efficient appliances in
their houses. The respondents were asked if they 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. Whereas, 52% 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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Figure 3-15 Saudi energy efficiency label (Saudi standards, 2019)
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3.5 Sustainability challenges in Saudi Arabia

There are some challenges of sustainability in Saudi Arabia such as the public
awareness necessary for energy preservation practices in the kingdom. A survey
undertaken by Alshahrani et al (2018), showed that 66% of the respondents never shut
down their ACs when they leave home, while 22% of occupants usually close off their
ACs and the remaining 12% fall between these two extremes. It is stated that 63% of

participants set their AC thermostats to between 18°C and 20°C.

Due to the hot extreme climate of Saudi Arabia, the external temperature can reach
50°C; therefore, a significant amount of energy is used to keep buildings cool and
comfortable. It is reported in the housing energy survey by the Saudi General Authority
for Statistics, window air conditioners constitute the highest proportion (71.3%) of
cooling/heating systems used in Saudi housings (General Authority for Statistics, 2019).
This result indicates that majority of Saudi homes still relying on the use of AC window
units and are still available on market due to its effective cost (Krarti and Howarth,
2020). The Saudi energy efficiency centre (SEEC) (2013) reported that central AC and
split ACs are more energy-efficient than ACs installed in window units and could reduce
energy consumption levels by 48%. Furthermore, the study of Ouda et al (2017)
reported that the appliances used in the participants’ houses are not energy efficient
according to energy efficiency label, such as refrigerator 53%, oven 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 participants respond no answer to
different types of lighting e.g. 72% fluorescent tubes, 79% CFL, 61% LED and 95% motion
sensors, which represent the low awareness of the respondents towards efficient
appliances (Ouda et al, 2017). The study highlights the energy efficiency programs must
be accelerated and promoted by government. For example, by focusing on educating
the consumer through SEEC and media, schools, universities and even mosques. It will
be valuable to educate the children about the energy efficiency and add it to the school

curriculum (ibid).
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3.6 Chapter Summary

This chapter has explained an overview background of the research context,
e.g. climatic zones for each region in Saudi Arabia. The climate is classified into three
zones hot and arid, hot and humid and moderate. Selecting three cities to 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 discusses how Saudi Arabia responses to the high energy demand in
domestic buildings and others by creating variety of the sustainability initiatives.
Although, the effort towards reducing energy demand, future challenges that the
kingdom of Saudi could face and need to be addressed such as public awareness and

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

This chapter of the thesis starts with explanation of the research design and the
rationale for using it. The type of research methodology was employed in order to
achieve the research’s aim and objectives is discussed in details. Also, the chapter
discusses the sampling, the mixed methods used for data generation, and the
approaches employed for analysis. The chapter discusses the pilot study that conducted
for calibrating the sensors that used in the environmental monitoring method. Finally,

the chapter presents the ethical considerations of the carried out research.

4.2 Research design

A case study is adopted as the research design because the nature of this research
is exploratory. As Gray (2004: p.124) stated ‘Case studies are particularly well suited to
exploratory research when ‘a ‘how’ or ‘why’ question is being asked about a
contemporary set of events over which the researcher has no control’. A case study
provides an excellent means for interrogating problems in depth (Yin, 2009). In
addition, a widely used definition is that a case study is “an empirical inquiry that
investigates a contemporary phenomenon (the case) in depth and within its real-world
context” (Yin, 2014, p.16). Also, a case study is defined by Robson (2002, p179) as ‘a
strategy for doing research which involves an empirical investigation of a particular
contemporary phenomenon within its real life context using multiple sources of
evidence’. In this study, the phenomenon under enquiry is the energy demand
associated with the undertaking of everyday inhabitants’ practices and the real-world

context is the Saudi domestic setting.

According to Thomas (2011: p513), ‘case studies are analyses of persons, events,
decisions, periods, projects, policies, institutions, or other systems that are studied
holistically by one or more methods’. Case study research aims to gain a rich and

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

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

Jubail Industrial City (JIC) was used as a single case study that is an ‘Exemplar’ (Flyvbjerg,
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 single case study of one
home can validate a building's performance if it provides insight into key issues for the
housing sector. The scope of the research focused on Saudi domestic buildings. The
investigation and exploration of this empirical study in JIC examining the building
performance related to energy and indoor environment of existing Saudi homes may
help the RC developer 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 were selected through the
snowballing technique. The findings from the ‘exemplar case’ could potentially be
considered in relation to any other similar housing developments in the same climatic
region or similar climatic regions in the Kingdom of Saudi Arabia. In addition, the RC is
planning to construct domestic buildings in ‘Ras Al-Khair’ and ‘Jazan’ industrial cities in
the future, for which this study will be useful. It is worth mentioning that the study had

recognition and support from the RC.

Although there are benefits of case studies that have been discussed above, which is
also evidenced in the 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
weakness in 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
oversimplifications about the nature of the research. Flyvbjerg presents in his paper of
the ‘five common misunderstandings of case study research’ and refutes each of these
misunderstandings in turn. He argues that a case study is a valid and important method
for social enquiry as it takes into account context-dependent knowledge, which is an

integral part of human affairs’. He also reiterates that case studies contain a substantial
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element of good narrative which best captures the complexities and contradictions of

real life.

4.3 Case Study contextual data

Jubail industrial city (JIC) is located in the Eastern province on the Arabian Gulf
coast of Saudi Arabia (Figure 4-1), and it was chosen as a case 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 city. Furthermore, Jubail industrial city has
eight residential areas in which three areas are existed and the rest are future residential
areas (Figure4-2). Moreover, ‘Al Jalmudah’ area was chosen because it has newly built
homes (Figure4-3). 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.

In terms of the weather, generally with the exception of the province of Asir on the
southern region, Saudi Arabia has a desert climate characterized by extreme heat during
the day and average temperature reach up to 39.6 °C and the average temperature
drops at night reaching 31.5°C (Peerbocus at el, 2020). Jubail 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 considerable variation in
temperature and humidity. The heat becomes intense shortly after sunrise and lasts
until sunset. In the winter, the temperature rarely drops below 0° C, and the high winds-

chill factor make a quite cold atmosphere (Table 4-1) (Royal Commission, 2019).
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Figure 4-1 Case study location (Author, 2020)
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Figure 4-3 Al Jalmudah district homes (Author, 2024)
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Table 4-1 Case study weather (Weather station data, 2021)

16.1 17.5 22 28 34 35.4 37 39 34 27 21

66.7% 64.6% 52.9% 433% 373% 435% 443% 459% 52.8% 56.5% 64.7%

27.5 29.6 34 37.4 43.9 46 47 49 45 39 31.7

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

8.9 10.8 11 22 23.8 27.5 28.5 30.8 25.3 22 17.5

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

11.39 11.37 12.20 12.45 13.48 13.47 1339 12.41 12.22 1145 10.37

4.4 Sampling

Sampling is 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, 2007). The aim of this study was to obtain insights into
the phenomenon (Ishak and Bakar, 2014) of energy consumption in Saudi housing, not
to generalize to a population. The aim in this study to select homogeneous sampling of
the case studies to help focusing on understanding and explaining the inhabitants’
practices. The selected homogeneous samples were identical in terms of the house size,
typology, building construction, number of bedrooms, floors and energy system (Figure
4-4); in which made the study more meaningful to focus on different social practices.
The sample identified some diversities in terms of e.g. household sizes, and house
orientations (Table 4-2). 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, 2009; Opoku et al, 2016). The sample of
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this research may considered as a small number (12 Saudi dwellings), but the sampling
size of this research allowed searching for a deeper understanding of the phenomena
rather than breadth, particularly when the research was undertaken under a non-

positivist paradigm (Boddy, 2016; Vasileiou at el, 2018).

The sample were selected through the use of snowballing. This technique is extensively
used in qualitative research when the population is hard-to-reach or hidden
(Simkus,2023). Participants can identify a new potential participants or subjects. It was
sent an electronic guide to the potential participants explaining the study and the
purpose of it and the methods that will be used (Appendix 1). When the participants

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

Table 4-2 Sampling characteristics

Participant | P01 P17 PO4 PO5 | POS | P10 P11 P12 P13 P14 P15
code

P16

House size 400m?

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

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

west
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Figure 4-4 Case study floors plans

4.5 Data collection methods

Post Occupancy Evaluation (POE) approach that involves mixed methods was used
to conduct this research. POE can inform future projects, by providing
recommendations for future retrofitting projects or for new developments based on the
feedback (Gill et al, 2011; Li at el, 2018). Mixed methods research is when the
researcher collect data through using quantitative and qualitative approaches
(Tashakkori & Creswell, 2007). Also, it is more than simply collecting and analysing both
types of data, it provides strength to the research and it is greater than either qualitative
or quantitative research (Creswell, 2007). It has been used as a useful frame for
interdisciplinary research, offering researchers the best chance of fulfilling their
research objectives (Johnson & Onwuegbuzie, 2004), and this was the rationale of using

mixed methods. The robust mixed- method approach provided complementary data in
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this research. The thesis attempts to answer a set of research questions, which are

interdisciplinary a

nd they involve the use of both quantitative and qualitative enquiries.

The mixed methods were used to achieve the research objectives such as indoor

environmental m

onitoring, home walkthrough, document review, building use study

questionnaire, usability questionnaire, and interview (Table 4-3). The following section

is explaining each

Research objectives

Identify how much
energy has been
consumed in a
selection of regulated
homes.

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

Understand the
usability of
environmental control
interfaces of selected
regulated homes.

Explain the influence
of inhabitant
everyday practices on
energy consumption
and the indoor
thermal environment.

of the research methods in details with the rational of its use.

Table 4-3 Methods used to achieve research objectives (Author, 2020)

Research methods

Document Home Environmental BUS Usability Interview
Review walkthrough monitoring Questionnaire Questionnaire
v
v v v v
v v v
v v v v v
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4.5.1 Indoor environmental monitoring

The monitoring of buildings can enhance the understanding of everyday life. It
usually provides context e.g. differences in performing practices and help to diagnose
problems (Foulds et al, 2013). This empirical study was collaboratively conducted with
inhabitants by placing the measurement tools internally to measure their indoor
environment by using specific tools. The reason for involving 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 Covid-19 pandemic, when methods had to be
conducted digitally. The tools were sent to the participants with restricted Covid-19
instructions that need to follow (Appendix 3). Also, participants were provided with
instructions in written document and video on how to download the app, how to use
the tools and how they work and why these tools are being used and how to send the

data monthly.

The smart sensor (Figure 4-5) is a tool that measures the indoor dwelling’s 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 mm away 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 methods in order to identify the thermal comfort, understand and explain the
inhabitant’s practices. According to Gram-(Hanssen, 2014) in energy consumption
studies, it is preferable to combine social-science approaches with actual

measurements.
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Figure 4-5 Physical Environmental Measurements Tool. (Author, 2020)

4.5.2 Document review

Wolfgang Preiser expressed that gathering data analysis for POE is comparable
with a ‘doctor’s need to carry out a series of increasingly detailed and focused tests to
diagnose a complex illness’ (2013, p170). The design guide and design drawings and
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. The home user guide helped
in understanding, explaining the influence of inhabitants’ practices on energy
consumption and their experiences related to the usability of the environmental control
interfaces in their homes. Furthermore, understanding the relevant used standards in
the RC homes e.g. ASHRAE helped to evaluate indoor thermal comfort of each homes

and compared it with this standard.

4.5.3 Questionnaires

Two questionnaires were used in this research: The Building Use Study (BUS)
guestionnaire 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 create solutions to improve the occupant experience and optimise building
performance (Bordass and Leaman, 2005). This questionnaire evaluates several areas

e.g. indoor air quality (IAQ), thermal comfort, acoustics, lighting, design, health and
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energy consumption (Cohen et al, 2010: Lollini et al., 2020) (Appendix 5). It reveals the
inhabitant’s needs, satisfaction and identifying any key issues. The questionnaire was
translated in Arabic; it is a first time was used in Arabic culture. This questionnaire
helped to achieve the research objective ‘the performance of regulated Saudi homes in

relation to thermal comfort’.

The second quantitative method is the usability questionnaire, it is an inhabitant
centred diagnostic tool, used to understand the user control of the system and testing
the technology performance in relation to inhabitants’ perception. ‘A designer or
controls supplier may know what a device is supposed to do, controllers provided for
those devices do not always make the device functions clear to the end user’ (Bordass
et al, 2007.p14) (Appendix 4). One study examining the reduction of domestic energy
consumption through an inclusive interface design project (Combe, 2012) used usability
study of heating controls to focus on the issues experienced by older 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 study developed an inclusive
control interface prototype for heating. As a result, of the newly modelled prototype,
the energy modelling indicated that saving energy annually by 14.5%-15.6% can be
achievable. The usability questionnaire covers different sections of domestic controls
such as HVAC system controls, renewables controls, boiler controls, windows and doors,
electricity & and lighting controls, and emergency controls (Baborska-Narozny et al,
2019). The conducted usability helped achieve the research objective of ‘understanding
and explaining participants’ experiences of the environmental controls interfaces’ in

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
guestionnaires were aiming for representativeness, the 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 calculation (Polit and Beck,
2004). Twelve usability questionnaires are gathered from participants who are already
involved in the study to understand the environmental monitoring data in the context

of usability. The study obtained a 100% return rate for both questionnaires. The answers
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in both questionnaires are based on a 1-7 scale (1: is unsatisfactory and 7: is satisfactory

for the BUS) and for the usability (1: is very poor and 7: is very good).

4.5.4 Home walkthrough

Home walkthrough is one of the research methods, and was conducted by using
the home tour guide and 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.g. how participants used the space, and informal short
conversations. After, the home tour finished the researcher collected the energy bills
from the participants. The home walkthrough tours helped support the other data. For
instance, when analysing the indoor environment, it is found that one of the reasons
that may have contributed to increasing the indoor temperature in one home was the
use of freezer in the measured bedroom?2 in one of the studied homes, this was not
mentioned in the interview but was observed during the home walkthrough. The

following section explains the methods used for analysing the data.

4.5.5 Interview

Interviewing is a method used to collect in depth qualitative data and there are
several types of interviews which are widely used in social science research (Jamshed,
2014). 1t 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, semi-structured interview was used to gain more in
depth information about the inhabitants’ practices. Semi structured interview ‘allow the
interviewer to pose particular question with flexibility to digress and investigate based
on interactions during the interview’ (Klandermans and Staggenborg, 2002. P 92), while,
open-ended interviews follow the inhabitants more. Conducting qualitative approach

interviews can provide data on the understanding of know-how (habits), engagements,
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attitudes, and feelings (Arksey and Knight, 2011) (Appendix 7). The interviews took an
hour to an hour and a half with inhabitants and were carried out in the inhabitants’
homes each interview was recorded and later transcribed. The researcher undertook
the transcription in person, and it was multiple listening to 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 non-vocal behaviour (Braun and Clarke 2006). The reason for listening multiple
times to the audio recordings was to eliminate as far as possible the ‘deletions, additions
and substitutions’ (Kowal and O’Connell, 2014.p70). After this process was done, the
transcriptions were shared with the participants to confirm that this was what they
meant to say (Mero-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 of this research was to conduct interviews with many members of the
household (children excluded). The study obtained 13 in-depth interviews and helped
achieve more in-depth data for the research objective ‘to understand and explain the

influence of inhabitant everyday practices related to energy consumption’.

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. Therefore, it required a robust analytical strategy
(Yin, 2014). There are two ways to relate the data collection to analysis e.g. a linear-
sequential approach and an iterative approach (Kennedy and Thornberg, 2018). With a
linear-sequential approach, the researcher collected all the data 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 data collection and the
analysis. For example, after the environmental monitoring were analysed, some of the
interview questions (related to indoor environment) were developed. Timeline for each

research methods was demonstrated in (Figure 4-6).
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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)

Figure 4-6 Research methods timeline (Author,2024)

In terms of the 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
researchers’ interactions with the data without pre-supposing such outcomes a priori
(Thornberg and Charmaz, 2014). After 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 of the significant steps taken during analysis to
organize and make sense of data (Basit, 2003). Utilizing coding in the research helps to
allocate units of meaning to inferential information collected during a study (Gibbs,
2007). Codes are usually attached to varying-sized set of words, phrases, sentences or
a whole paragraph. Looking for similarities, patterns and relationships 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 until all text was
coded, adding new codes to what has already created. Each chunk of the coded text was
long enough ‘to provide sufficient context without clouding the integrity of the coded
passage by the inclusion of text with a different meaning’ (Jackson et al, 2019.p70).
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 exhaustive coding was crucial to the
validity and the reliability of the research, ‘no unit may be excluded because of a lack of
descriptive terms’ (ibid). To fully capture the speaker’s meaning, multiple coding was
used ‘sparingly’ as a large number of codes attached to a single chunk of data may
‘suggest that there is no clear or focused research purpose and thus a clear lens and

filter for analysing the data’ (Saldana 2016.p81).
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Coding the data was done by using a descriptive coding method (ibid). This method is
described as ‘meaning coding’ by using one or keywords for ‘identification’ of the text
(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 then it was used a
‘Pattern Coding’ (Saldana 2016.p209) in order to develop the sub-themes (Figure 4-7).
Grouping similarities, differences and repetition of codes in order to create smaller
number of sets (Ryan & Bernard, 2003). In this study themes were aligned with practice

theory and some were not and considered as inductive themes (chapter 6).

=
Controls

Ciatiting building
Cunboe materials
Technology

Indoor thermal comfort home
and home design layout

HVAC
control
Electricity pansl
’ sockets »

Ecobee
smart control
panel

Themes based on
Practice Theory
Elements

Figure 4-7 Example of Themes based on practice theory elements (Gram-Hanssen 2010), sub-themes and second
cycle of coding (Author,2024)



4.6.2 Quantitative Data Analysis Methods

For the quantitative data, descriptive statistics analysis was used in this thesis
to organise and summarise large 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.250), “descriptive
statistics are the simplification, organisation, summary and graphical plotting of
numerical data”. Some methods are used to analyse the environmental monitoring
data e.g. maximum, minimum, average, median and standard deviations. All these
numerical data were analysed using Excel software 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. The questionnaire data were plotted and
analysed by using Excel software and generated graphs to show the percentages of
responses of each questions were analysed (Figure 4-8). The descriptive statistics
analysis helped the researcher to organise and summarise the data were then more
easily visualised, interpreted, and answered the research objectives. The next section

explains the triangulation in this study.

Quantitative Data

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

¥ L4

‘Questionnaires

Environmental monitoring

Showil rcel S Showing maximum, minimum,
ol'r:gsp;uns:?m average, and standard deviations
to each questions

)

Using Excel presenting

box piots, graphs and tables

Figure 4-8 Quantitative analysis method
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4.6.3 Mixed Methods Design

The mixed method design applied in this study is sequential triangulation (Figure
4-9), consists of two distinct phases: quantitative followed by qualitative. It is most
common and well-known approach to mixing methods (Creswell and Plano Clark, 2006).
The purpose of this design is “to obtain different but complementary data on the same
topic” (Morse, 1991, p. 122) to best understand the research phenomenon. The term
triangulation refers that evidence can be collected from multiple sources (Rowley,
2002). For example, using more than one research methods or sources to validate the
research findings (Kane & O'Reilly-de Brun, 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 findings (Abowitz & Toole, 2010; Jick,
2008; Yin, 2014).
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Figure 4-9 Study decision tree for mixed methods design (adopted from Creswell et al., 2003)
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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 more 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 instance, the objective of the first part of the research
is to evaluate the 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)
guestionnaire, participant interviews (e.g. their thermal comfort experiences),
document review (e.g. building construction details and drawings) and collection of
energy consumption data from the participants (kwh/m?). The second part of the
research was to explain how inhabitants’ everyday practices contribute to energy
consumption and understand their experiences of environmental control interfaces.
This type of enquiry requires the use of qualitative and quantitative research methods,

such as participant interview, home walkthrough 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. environmental data) then the qualitative was
due to develop some of the interview questions to explain and elaborate on the analysis
observed in the numerical data. The rationale for using this approach is that the
guantitative data and their subsequent analysis describes ‘what’ and the qualitative
data and their analysis explain ‘why’ refine those numerical results by exploring
participants’ views in more depth (Creswell, 2003). Then the researcher merged the two
data sets, typically by bringing the separate results together in the interpretation or

analysis (Figure 4-10) (Creswell and Plano Clark, 2006).
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Interpretation based on
QUAN + QUAL results

Figure 4-10 Triangulation design (adopted from Creswell and Plano Clark, 2006)

4.7 Ontological Standpoint

Although the mixed methods approach has been used widely in researches in
different areas (Sale et al., 2002), there are some arguments against it. One of the
arguments is based on the idea that researchers who used mixed methods approach
should locate their research in a selected paradigm (Bryman, 2012). There are three
elements of the research paradigm, ontology (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 interpret it (Doyle et al., 2009). In this thesis, the
ontology of pragmatism has been adopted as the most appropriate paradigmatic stance
to be used when conducting mixed-methods research study (Figure 4-11). The logic of
enquiry of pragmatists includes the use of both induction and deduction (Johnson and
Onwuegbuzie,2004), which in this research are adopted. The time horizons of
conducting the data in this research were cross-sectional for (questionnaires, interview
and home walkthrough) and longitudinal for (the environmental monitoring)
Pragmatism originates from the work of Peirce, James, Mead, and Dewey
(Cherryholmes, 1992). Pragmatists have believed in an external world independent of
the mind as well as that lodged in the mind (Creswell, 2014). Pragmatics 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
realities’ (Saunders et al, 2012). Therefore, 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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According to pragmatism research philosophy, the research question is the most
important determinant of the research philosophy. Pragmatics can combine both,
positivist and interpretivist positions within the scope of a single research according to
the nature of the research questions. Pragmatism could be related to a world with
different layers, where some are objective, some are subjective, and some are a mixture
of both (Dewey, 1925). As Feilzer (2010, p.8) explained, pragmatism ‘sidesteps the
contentious issues of truth and reality, accepts, philosophically, that there are single and
multiple realities that are open to empirical inquiry and orient itself toward solving
practical problems in the real world’. As Johnson & Onwuegbuzie (2004, p.17-18)
explained for pragmatists ‘what is most fundamental is the research questions —
research methods should follow research questions in a way that offers the best chance
to obtain useful answers’. Since pragmatism focuses on addressing the research
problem and the necessity to answer the research questions, this research paradigm

was used for this study. Having set the theoretical standpoint and the philosophical
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standpoint, the next section describes the 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 and how we handle the data after we
collect them’. The ethical considerations for this thesis were made according to the
University of Sheffield research ethics policy. It provides protection for participants, and
also helps to protect the researcher. All the ethical considerations were considered that
include the ethical approval process before collecting the research data, informed

consent, data protection, anonymity and confidentiality (Appendix 8).

4.9 Chapter Summary

This chapter has highlighted the research design and the mixed methods that
are used for data collection in order to explore and investigate inhabitant’s practices
and households’ energy in Saudi dwellings, using a combination of qualitative methods
and quantitative methods. It also discussed the analysis approaches and methods used
to achieve the research aim and objectives. The results from using these methods were
used to understand the context and problems arising, as well as proposed
recommendations for the developer to improve current and future developments.
These methods were particularly beneficial for revealing problems that may contributed
to high-energy demand in domestic buildings of Saudi Arabia. The chapter also provides
a conducted pilot study to calibrate the sensors 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 5: Research findings on indoor environment
and energy consumption
5.1 Introduction

This chapter presents 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 objectives ‘evaluate how Saudi regulated homes are performing
in relation to thermal comfort and how much energy has been consumed’. This
objective was achieved by conducting environmental monitoring methods, energy
consumption bills, and building use study questionnaires (BUS). The chapter evaluates
the seasonal variations of indoor temperatures and relative humidity levels are

illustrated in 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 (located in 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 international standard requirements for
indoor environment. In all studied rooms, the indoor design temperatures requirement
is recommended to be from 23°C to 26°C in summer and from 20°C to 23°C in winter,

and the indoor design relative humidity should be from 40% to 60%.

The typology of the twelve studied dwellings in this research are identical in terms of
the number of bedrooms, the layout floor plan, number of floors and the home size. The
difference between the twelve homes is orientation of the monitored rooms and the

family size (average, below the average and above the average) (Table 5-1).
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Table 5-1 Case study characteristics (Author, 2021)

Participant
code

PO1

P17

PoO4

PO5

P08

P10

P11

P12

P13

P14

P15

P16

House size

400m?

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

5.2.1 Seasonal indoor temperature

The boxplot graphs below show the seasonal variation in temperatures in four
rooms; living room (Figure 5-1), guest room (Figure 5-2), main bedroom (Figure 5-3),
and bedroom?2 (Figure 5-4), respectively. The central line is the median for the whole
month, with the box showing the 25 and 75 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 shown every 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 groups low 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 or an 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. Therefore, it was used May month (monitoring

started from May) to represent the weather transition period, when the temperatures

81




started to rise from maximum temperatures 34°C in March and 37.4°C in April to reach

43.9°C as maximum temperature in May (Error! Reference source not found.).

In the transition and the summer periods, the indoor recorded temperatures were
above 21°C for 75% of the time. The highest observed interior temperature of the living
room was found in P10 in the transition period at 36°C with a lower temperature at 24°C
(Figure 5-1). This high recorded temperature found in this household's living room may
be due to the room orientations facing south and west. The indoor temperature of this
household can be also justified by their practices, such as room occupancy (chapter 7).
The maximum indoor temperature of the living room in PO4 during the same period was
not exceeding 27°C with the lowest indoor temperature at 20°C. Although the
orientations of the living room in this household face south and west, heat gain and this
also can be explained by their practices in this room (chapter 7). The standard deviation
of the mean indoor temperature (29°C) was found in P15 at £5.08 in the summer season.
This can be explained by their occupancy of this room, their practices of using the HVAC
system level, the colour that is used for their living room’s curtains, and their cleaning
practices (chapter 7). Their living room's high indoor recorded temperatures can be
justified by the living room orientations facing south and east. Households 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 not exceeding 35°C (Figure 5-1), which can be

explained by their everyday practices.

In winter, the indoor recorded temperatures exceeded 23°C which is the maximum
recommended winter indoor temperature found in most of the participants living rooms
(Figure 5-1). 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 P01 (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 17°C (Figure 5-1). 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 (chapter 7). The lowest mean
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temperatures of the living rooms were found among the studied homes ranged from

22°C t024°C compared with the transition and the summer season (Table 5-2).

Seasonal variation of indoor living room temperature

B ] (o

50

45

40

i P15

35

Temperature °C

20

15
Transition period Summer Winter

Figure 5-1 Boxplots showing the seasonal variations in temperature of the living rooms. Each box represents
monthly data for each home

Table 5-2 Temperature standard deviation of living room in summer and winter

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

code

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

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

Transition

period mean 26°C 29.8 24.1°C  27.4°C 25°C 30°C 26°C 32°C 27°C 26°C 24°C 29.2°C

temperature +3.28 230 +£1.68 +1.74 £2.00 #3.84 094 395 092 #0.42 189 +2.84

and standard

deviation

Summer mean

temperature 29°C - 23.5°C 26°C 25°C - 28°C 25°C 25°C 29°C 27°C 29°C

and standard +1.22 +1.32 158 *1.82 +1.87 +1.02 115 *1.97 362 1508

deviation

Winter mean 22°C - 23°C 24°C 23°C 23°C 23°C - - 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 (Figure 5-2) comparing to other measured rooms (e.g. living room, main
bedroom and bedroom 2). The participants’ everyday practices of using this room and
its system e.g. use it when they are having guests (chapter 6 and 7). The highest
standard variations of the mean indoor temperature (30°C) was found in PO8 at +3.33
among the three seasons. This can be justified by the effect of the room orientation
facing east and north as well as their everyday practices e.g. using this room. The lowest
indoor main variation of P12 and P14 in transition period and the summer season, at
+0.41 and +0.40, respectively (Table 5-3). 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 guest rooms had minimal variations recorded in their indoor
temperatures. Furthermore, warm indoor temperatures were recorded in households’
16 and 14 guest rooms at 25°C and 26°C, respectively (Figure 5-2). The positioning of
their rooms, facing towards the west 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 (chapter 7). Below 20°C of winter indoor temperature
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 (chapter 6 and 7).
Maximum indoor temperature during winter season was found in P14 at 27°C, this may
due to the room orientations facing south and west (Figure 5-2). The lowest standard
variation of indoor mean temperature (24°C) was found in P16 at +0.42. 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 (chapter 6 and 7).
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Figure 5-2 Boxplots showing the seasonal variations in temperature of the guest rooms. Each box represents
monthly data for each home

Table 5-3 Temperature standard deviation of guest room in summer and winter




For the main bedroom, the highest recorded indoor temperature was found in
household 15 at approximately 40°C in summer. The 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 system and the use of dark colour
curtains (chapter 7). However, the highest standard variation of the main indoor
temperature was found in P15 in summer season at #5.57. Although participant 14 has
the same facing orientation as P15, but it is found lower recorded indoor temperature
than P15 and the maximum temperature reached 27°C (Figure 5-3). This can be
explained by their everyday routine of using the system as well as the use of light colour
curtains (chapter 6 and 7). Another, high indoor temperature was found in household
1 main bedroom and the maximum temperature reached 31°C (Figure 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 12, 10, 17, 4, 14
and 13 have same bedrooms’ orientations north as a result their recorded indoor
temperatures are found lower than the other households at 27°C (Figure 5-3), also their
routine of using their HVAC system e.g. setting their systems at certain temperature
(chapter 6 and 7). However, although household 11 main bedroom is facing north
similar to (Households 12, 10, 17, 4, 14 and 13) but it is observed that had high recorded
indoor temperature at approximately 35°C (Figure 5-3). This can be explained by their
everyday routine e.g. of turning their system off when the space is unoccupied (chapter

6 and 7).

During the winter season, variations in indoor temperatures of the main
bedrooms were noticed in all homes (Figure 5-3). Low indoor recorded temperature in
P01, PO4 and P11 were at 19°C and 18.5°C, 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 24°C (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°C (Figure 5-3), This might be explained by their heating practices (chapter 6).

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 between +0.68 (e.g. P17)

to £1.67 (e.g. PO1) (

Table 5-4).
Seasonal variation of indoor main bedroom temperature
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Figure 5-3 Boxplots showing the seasonal variations in temperature of the main bedrooms. Each box represents
monthly data for each home

Table 5-4 Temperature standard deviation of main bedroom in summer and winter
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Measured PO1 P08 P17 P04 P05 P10 P11 P12 P13 P16 P14

months

Room Orientation South  East North North North North North North North West West

Transition period

mean 28°C  30°C 27°C 25°C 29°C 33°C 27°C 26°C 31°C - 25°C
temperature and  +£3.24 +3.74 +3.38 +1.00 +3.68 +3.04 +2.43 +0.83 +4.18 +0.69
standard

deviation

Summer mean

temperature and 27°C - 26°C  24°C - 26°C 28°C 29°C  25°C - 25°C
standard +2.18 +1.00 +2.10 +0.69 $2.42 +1.05 +0.44 +1.03
deviation

Winter mean

temperature and 22°C - 19°C  21°C 23°C - 21°C - 22°C  23°C  24°C
standard +1.00 +0.68 +1.00 +0.36 +0.64 +0.79 $0.75 +0.79
deviation

According to the weather station data, the maximum extreme summer outdoor
temperature reached 49 °C. The standard deviation of temperature variation in
bedroom2 was ranged from 0.49 which can be seen in the participant 13 home, to
highest temperature variation with standard deviation of 6.12 in the house of

participant 15 respectively, (Table 5-5).

Differences in the indoor temperatures among the studied homes were noticed. The
highest indoor temperatures recorded were found in bedroom?2 across all rooms in each
home and among the households. In addition, the bedrooms 2 orientations in the
studied homes are facing heat gain orientations. For example, PO1 (east), P13, P11 and
P17 (west) and P16, P15, P16, P12 and P14 (south). This can be interpreted the high
indoor temperatures found in those homes in transition period and summer season
(Figure 5-4). Also, another factor that may contributed to this high temperature in P01,
P13, P11, P17, P16, P15, P16, P12 and P14 is the low albedo affect. The external surface
(slab tiles) of the future room (is an optional room that can be built by inhabitants
depending on their needs) is originally in dark grey colour which means more solar gain
in these participants’ bedrooms2. The gained heat during the day time and later more
ambient temperature released. The household 8 has the highest indoor temperature
recorded in the transition period reported at 44°C, 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 disused more in details
in the discussion chapter (7) 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 19.5 °C especially in the summer season, although
the room orientation is facing south. This may due to their practices of using this room
which is discussed in chapter (7). However, the south orientation of this room can
explain the maximum indoor temperature in the transition period and the summer
season at approximately 38°C. it is found similarities in bderoom?2 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 both homes. Because Saudi Arabia is located near to the equator and
more heat gain from the east and the west orientations. In winter the recorded external
temperature was at 10°C, low indoor temperatures variations are found in all four
measured rooms in winter season compared to the transition period and the extreme
summer season. the monitored four rooms’ interior temperatures had not exceeded

approximately 27°C across all homes.

Temperatures that lower than 20°C were recorded and observed in all four measured

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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Figure 5-4 Boxplots showing the seasonal variations in temperature of the bedrooms 2. Each box represents
monthly data for each home
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Although the orientation of this room means more solar gain, there found low recorded
indoor temperature at 17°C (e.g. PO1) and 19°C (e.g. P04, P11 and P16) (Figure 5-4).
These minimum indoor temperatures may explain their practices e.g. natural ventilation
this discussed more in chapter (7). The standard deviations of the bedroorms2 mean
indoor temperatures among the studied homes compared with transition and summer
standard deviations. The highest standard variation of indoor mean temperature of
bedroom?2 across all studied homes was found in P15 at +6.12 in the summer period
(Table 5-5). The lowest standard deviation of mean indoor bedroom2 was found in P13

at £0.49 in the summer season.

Table 5-5 Temperature standard deviation of bedroom 2 in summer and winter

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

code

Room East West West West West West North South South South South

Orientation

Transition

period mean 34°C 26°C  31°C - 33°C 33°C  36°C  35°C 34°C 32°C  32°C
+1.95 1375 £2.29 #1.81 #3.15 #451 251 #157 #1.41  £2.25

temperature

and standard

deviation

Summer mean

temperature 38°C  25°C  32°C 27°C 36°C  30°C - 32°C 38°C  34°C  34°C

and standard +0.79 111 #239 296 0.79  +0.49 535 +0.86 0.73  #0.53

deviation

Winter mean 23°C 21°C 22°C 23°C 23°C 24°C - - 23°C - 24°C

temperature +232 +1.04 +152 +105 +176 +0.84 +1.92 +0.97

and standard
deviation

It is worth mentioning that the noticeable variations in the indoor temperatures in most
of the participants’ measured rooms (e.g. living room, guest room, main bedroom and
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 off (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 room (Figure 5-5), guest room (Figure 5-6), main bedroom (Figure 5-7)
and bedroom?2 (Figure 5-8), respectively. The central line is the median for the whole
month, with the box showing the 25™ and 75 centile. 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 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 bedroom?2 located in the second floor of each homes. The data 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 is less 1 classified as low 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
result 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 amount
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 introduced to

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 monitored living room
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 40%-60% 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 P05. It can
be seen that the indoor humidity levels were obtained from all rooms ranged from 18%
as the lowest in P12 bedroom?2 in the summer season, to 88% as the highest in PO5 living

room in the winter season (Figure 5-5) and (Figure 5-8).

Indoor relative humidity variations are noticed in the living rooms of all participants in
all seasons. In the summer and transition period, most of participants’ living rooms
indoor humidity levels were approximately not higher than 60% but lower than 40%
(Figure 5-5). Comparing to winter indoor relative humidity were above 60% in most of
the living rooms. The variations observed of RH% levels in the monitored living rooms
can be explained by the inverse relationship of the recorded indoor temperature.
However, it could be also the participants’ everyday practices e.g. P15 relative indoor
humidity level has exceeded 60% due to their opening windows during the cleaning time
(chapter 6 and 7). Since the case study (Jubail industrial city) is located on the Arabian
Gulf coast of Saudi Arabia and it is classified 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. The
weather station reported that the maximum humidity reached 38% 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% during summer
season (Figure 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 reasons led
to the variations of the indoor RH% levels that were observed. For example, practices
of ventilation, cooking, washing and drying clothes, using dishwasher and cleaning

(chapter 6 and 7).

Table 5-6 Relative humidity standard deviation of living room in summer and winter

PO1 P17 P04 P05 P08 P10 P11 P16 P12 P13 P14
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Figure 5-5 Boxplots showing the seasonal variations in humidity of the living rooms. Each box represents monthly

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 P13 (Figure 5-6). 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 P04 (Figure 5-6). These RH% levels of this room during transition, summer

seasons and the winter can be explained by the inverse relationship between the

temperature and humidity of this room. Due to the room occupancy and inhabitants’

everyday practices e.g. opening windows (chapter 6). The standard deviation of this

room found that the indoor relative humidity level varied more than the temperatures

among all seasons and homes (Table 5-7).
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Figure 5-6 Boxplots showing the seasonal variations in humidity of the guest rooms. Each box represents monthly
data for each home

Measured
months
Room
Orientation

Transition
period
mean
RH% and
standard
deviation

PO1

South
&
East

32.6%
+4.16

Table 5-7 Relative humidity standard deviation of guest room in summer and winter

P17

North
&
West

31.2%
+2.55

P04

North
&
West

31.3%
+3.15

P05 P08
North North
& &
West East
- 42.4%

+4.70

P10

North
&
West

42.7%
+4.51

%94

P11 P16
North ~ South
& &
West West
28.2% 39.2%
+3.01 +4.43

P12

North
&
West

41.8%
+4.12

P13

North
&
West

45.3%
+2.51

P14

South
&
West

40.6%
+4.96

P15

South
&
West

41.9%
+3.59



Summer 31% 34%
mean RH% 325 +4.67
and
standard
deviation
Winter
mean RH%
and
standard
deviation

61.8%
+6.90

33%
+2.70

47.3%
+6.17

56.8%
+6.55

41%
+5.73

52.1%
+5.81

34%
+6.09

53%
+8.81

58.1%
+4.46

43%
+2.78

52.4%
17.72

In term of the main bedroom, indoor relative humidity levels were varied in all seasons.
Most of the participants” main bedroom indoor relative humidity were below 40% found
in transition and summer seasons. Furthermore, lower than 30% of indoor RH was
found in PO1 and P11 during the transition period and in P14, P12, PO1 and P11 during
summer season (Figure 5-7). These recoded low indoor relative humidity levels may
due to the inverse relationship with indoor temperatures of these homes. Other
practices were reported (in chapter 7) may contributed to the observed high and low
levels of RH% e.g. opening windows, opening the bathroom’s door after showering and
cleaning for ventilation. The standard deviation of the main indoor relative humidity
levels was higher in this room than the guestroom across all monitored homes (Figure

5-7).
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Seasonal variation of indoor main bedroom relative humidity

.

100.00

90.00

)
—
o

P05

70.00

0
o
a o

60.00

8
o -
80.00 J -
o
o

Relative humidity %

P12

-
—

i

wn
—
o
o
-
o
-
o
o
g
5 on 2
50.00 S ~ o
2 Y a g
(= <
o o -
S o
40,00 I%—__“%I+r%|%l i ++
-
+ > +
20.00

10.00
Transition period Summer Winter

Figure 5-7 Boxplots showing the seasonal variations in humidity of the main bedrooms. Each box represents monthly
data for each home

Table 5-8 Relative humidity standard deviation of main bedroom in summer and winter
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For the bedroomz2, it is observed that lower indoor relative humidity found among all
homes below 60% for 75% of the time (Figure 5-8). The bedroom?2 indoor relative
humidity levels among all studied homes was found more variable than the temperature
in all measured seasons (Table 5-9). It is possible that the variation of the bedrrom2
indoor relative humidity in the studied homes not only refer to the relationship with the
temperature and the external weather. The variation of this room can be also affected
by the participants’ practices e.g. cleaning, washing, showering and ventilation, because
this has its own bathroom. Household 5 has the highest indoor relative humidity level
at approximately 76% in the summer season. This can be explained by the low indoor
temperature of this room and also the inhabitant practices e.g. the drying cloths,
ironing, cleaning and showering (chapter 7). Also, participant 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 approximately 75% 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 to the low recorded temperature
of this room ranged between (25°C to 20°C). According the weather station data, the
maximum extreme summer outdoor temperature reached 48.5 °C with outdoor
maximum relative humidity 83%. The lowest mean indoor relative humidity across all
studied rooms was found in P11 guest room at 28.2% during the transition period (Table
5.9). The highest mean indoor relative humidity among all monitored rooms was

captured in PO5 bedroom?2 in the winter season at 67% (Table 5.9).
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data for each home

Table 5-9 Relative humidity standard deviation of bedroom 2 in summer and winter

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

Room East west  west west North South west South South  west South  South
Orientation

Transition

period mean  363% 39.2%  37.4% - 354% 47.1% 325% 31.7% 30.8% 453% 42.5%  37.8%
RH% and 1+3.56 12.42 1+5.80 +4.57 +6.80 +2.49 +3.20 14.28 +1.96 +4.01 +5.95
standard

deviation

Summer mean 38% 41% 36% 55% - 36% 40% 37% 30% 46% 56% 48%
RH% and 16.24 +2.71 +4.85 +9.51 +3.89 +7.18 +4.79 +3.63 +7.67 +5.62 +12.72
standard

deviation

Winter mean

RH% and 54.6%  58%  585%  67% - - 53.4% 49.8% - 54.2%  53.7% =
standard +7.17 +3.75 16.39 +7.83 +6.20 +4.66 +5.23 +7.03
deviation

The indoor environment was investigated through the use of building use study
questionnaire (BUS). This questionnaire helps also to discover the inhabitants’
satisfaction (thermal comfort, design, and needs) and identify key issues related to the

thermal comfort, building design, and inhabitants’ needs. The BUS questionnaire was
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distributed digitally to inhabitants who live in RC homes through the RC developer, the
study obtained 100% return questionnaires. The answers in both questionnaires are
based on Bedford Scale 1-7 scale points. The Figure 5-9 and Figure 5-10 demonstrate
that the respondents are very satisfied (scale 7) in both summer and winter indoor
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 that the indoor
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 is stable during 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 draught issue (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 (scale 2). 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 other hand, in winter, around 32% of the respondents

reported the indoor air is slightly stuffy (scale 5).
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How would you describe typical conditions in summer?
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Figure 5-9 Summer indoor conditions of BUS questionnaire results

How would you describe typical conditions in winter?
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Figure 5-10 Winter indoor conditions of BUS questionnaire results

After describing the indoor environment conditions 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. For example, 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 orientations. 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% levels vary 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%). This may demonstrate
the inverse relationship with the temperatures. However, the variations in indoor
temperatures and relative humidity levels can be also affected by the residents’
everyday practices. For instance, the way they ventilate their homes during the 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 system. The 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 homes; this was done by collecting energy bills from each
participant. Not all energy consumption data were available, there were some
difficulties having this data. It is reported that the Saudi studies (involved in the
literature review chapter) and the Saudi Energy Efficiency Centre (SEEC, 2019)
mentioned that deficiency in applying 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 variations 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 definitions of energy consumption in Saudi domestic
buildings or the Gulf Cooperation Council (GCC) countries in KWh/m? e.g. what is low

and what is lower, based on the climate condition, culture, and inhabitants' needs, as a

101



target to be achieved. While internationally it can be found an established definition
for low energy houses e.g. passive housing, the annual energy consumption is lower

than 120 kWh/m?2.

Figure 5-11 illustrates the annual energy consumption (KWh/m?) of the studied homes
compared with international annual energy consumption standard. The highest annual
energy consumption is found in P11 at 93 KWh/m2. The lowest annual energy
consumption is noticed in household P13 at 72 KWh/m?. Although P16 has small family
size but it can be seen that this household (82 KWh/m?) consume more energy than P08
(73 KWh/m?), although household 8 is larger than P16. Household 8 allows more
variation in their indoor environment 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 P0O4. Even though
the households which are falling 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/m?) consumes more energy than P13 (72 KWh/m?) (Figure 5.11). These
energy variations demonstrate that the participants’ practices play a vital role, this is

discussed more in-depth and related it to their practices (chapter 7).

It is found that the RC homes are consuming lower than actual average electricity
consumption of a conventional house (156.5 kWh/m?), all these conventional houses
were built with single glazing windows and no thermal insulation (Alrashed and Asif,
2014). This could indicate that improving the building envelope in Saudi homes could

improve and help reducing the energy consumption.

102



Annual energy consumption (kwh/m2)

100

80
6
4
2
0
PO1 P11 PO8 P16 P14 P13 PO4 P17

Figure 5-11 Energy consumption KWh/m2 for each studied homes

=] o

o

Energy consumption (kwh/m2)

5.4 Chapter Summary

This chapter has investigated and presented the analysis of the indoor
environment conditions and the energy consumption of the studied Saudi homes. The
interpretations of the presented data in this chapter are illustrated in chapter six. The
methodological approach that was used, the environmental monitoring, building use
study questionnaire and the energy consumption bills were gathered from the
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 temperatures in
the summer than in the winter and more variation in indoor relative humidity in winter
than in summer. In 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
some households’ indoor environment was more variable with less energy consumption
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 consumption. Although, the improvement of the building envelope is seen in the

reduction of energy consumption comparing with the conventional house (156.5
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kWh/m?), but still the diversity seen in energy consumption between identical variables.
The following chapter provides deeper understanding of the reasons contributed to
these variations from social everyday practices perspective that could not be explained
by the material differences. Using 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.
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Chapter 6: Research findings on inhabitants’ practices
and their experiences on environmental control
interfaces

6.1 Introduction

The findings from chapter 5 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 temperature and humidity.

Findings from other studies (such as Stevenson & Leaman, 2010; Steemers & Yun, 2009)
have suggested that even though various building characteristics can affect the indoor
environment in homes, different inhabitant’s everyday practices also play a central part.
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 everyday practices e.g. heating and
ventilation practices (Kermeci, 2018; Tweed et al., 2013). The literature review revealed
that there is a paucity of studies in Saudi Arabia or similar countries that focus on
inhabitants’ practises in their homes and the relation of that with the actual energy

demand.

This chapter provides detailed responses to of the two research objectives a) how Saudi
inhabitants’ practices and b) their experiences of using environmental control interfaces
in their homes, have contributed to the differences observed in the energy consumption
and indoor environment (chapter 5). The data on the research objective (a) were
gathered via interviews with the inhabitants. Data on the controls interfaces (research
objective b) were gathered also via the use of the usability questionnaire and the
interviews. The usability questionnaire is an inhabitant centred diagnostic tool, used to
understand the user system control and testing the technology performance in relation
to inhabitants’ perception. Twelve usability questionnaires are gathered from
participants who's already involved in the study. The answers in the questionnaire are

based on 1-7 scale (1: is very poor and 7: is very good).
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As detailed in the methodology chapter, the analysis of data collected from 12 case
studies (Table 6-1), the qualitative data in this chapter was analysed using the two cycles
of coding, drawing on Saldafa (2009), using deductive reasoning approach reference to
practice theory and inductive reasoning approach. The two cycles of coding were carried

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

Table 6-1 Interviewee characteristics (Author, 2021)

Participant PO1 P17 P04 PO5 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 35-49
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 by Gram-Hanssen (2010): technology, institutional
knowledge and rules, engagement, and know-how and embodied habits. Also, 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 theory elements, it was defined by some
theorists as the material components and things that people use. The technology and
its role in inhabitant’s practices are important when considering reducing energy in
homes (Gram-Hanssen, 2013). In addition, the technology element can be extended to
the house lay outs, to which prefigure its use (Gram-Hanssen, 2010). Some other studies
such as (Foulds, 2013), (Higginson and Thomson, 2014), (Kermeci, 2018) and (Brierley,
2021) have discussed technology as house systems and building design elements. The
relation between the social practices and technologies should not be seen as material
elements determining social practices. Instead, the material elements could be seen as
a structure which enables and constrains practices (Gram-Hanssen, 2010). This section
explores the technology element as home system, indoor environment, home design

and controls.

6.2.1 Systems

Amongst all building systems, heating, ventilation, and air conditioning (HVAC)
systems play a significant role in building energy consumption (Liddament, 2000; Pérez-
Lombard et al, 2008; Chenari 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 more common in non-residential buildings than in housings. As reported
in the housing energy survey by the Saudi General Authority for Statistics, window air
conditioners constitute the highest proportion (71.3%) of cooling/heating systems used
in Saudi housingsredu (General Authority for Statistics, 2019). One participant
commented on the use of the HVAC system in homes:

‘It [HVAC] is a good technology, and its presence in homes is excellent because | used to
see it in large places such as hospitals, schools, etc.”. P14

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 window units,

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 that the distribution of cooling through the
house, such as:

‘[..] the HVAC system is a very good choice to be used in houses, and | personally prefer
it over AC window units because the HVAC system can cool or heat the whole floor at

one preferred temperature. Every single room or space in the house is cool or warm, with
no differences in indoor temperatures between the spaces’. P04

‘[..] Here in the RC home, the HVAC is distributed even in the hallways, in addition to the
rooms. But the previous house had AC window units distributed only in the rooms’. P12
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 and scheduling feature, for example:

‘[..] In terms of sound, HVAC is not noisy at all, and it is distributed over the entire place,
unlike AC windows’. P15

‘AC window unit openings made it easier for dust to enter the house’. P14

This participant also discussed residents’ health when using HVAC systems and AC
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.

‘[..] AC window units lead to health issues; for example, 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 example 24°C, and when this temperature is achieved, will close
automatically’. P11

The term convenience ‘describes devices or services that helped save time’ (Elizabeth
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:

‘In the previous house, we used to have air purifiers because my kids and | have asthma.
So the devices were working on a daily basis. But honestly, since I lived here, we have

never used it; although the area here is industrialised, we do not feel as tired as before’.
P10
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Also from the building use study questionnaire is found that more than 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:

‘The advantage of the 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
in order to do the maintenance or to see what the problem is’. P16

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:

‘[..] Another downside of using AC window units is the problem of dripping water, which

is a common problem. But here, | have never faced this problem, and | have never heard
of a problem like this here; it is considered an advantage for the system here’. P14

Some participants indicated that an advantage of HVAC systems is the feature of
scheduling the indoor temperature, which helps minimise one’s interaction with the
system during the day. Not all participants have seen this feature as an advantage due
to their technical knowledge about scheduling their 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 of competences 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:

‘[..]The programming feature of the system is good, which means that you schedule the
indoor temperature you want at the time you want, so you don’t have to turn on the AC
or turn it off, and this feature is not found in the AC window unit’. P13

Beside the participant’s competences, one of the participants has gained 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 settings for example:
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‘[..] The 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.
Let’s suppose that we have a fixed routine and | did the scheduling, and for any reason
the routine has changed, | need to spend more time again and redo the scheduling!
Unbelievable! So that’s why | said it is not beneficial; it can be, but for those who have a
fixed routine that never changes’. P05

6.2.2 Indoor thermal comfort and home design

Interviewees mentioned that Royal commission (RC)-regulated 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:

‘From my experience living here, the RC houses are well designed’. P15

‘[..] I feel that the RC built houses with a good strategy!” PO1

‘[..] there is a future room in the home; it is up to me if | want to build it or not. | can say

that RC homes have flexibility in the design!” PO4

The RC homes are built with an improvement in building envelope than a conventional
house (Table 6-2). 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 Arabia. It is reported that 70%
conventional dwellings are not thermally insulated, according to the Saudi Energy
Efficiency Centre (SEEC) (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 plaster (Lasker, 2016).
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Table 6-2 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 U-value U=0.36W/m?K U=3.98W/m?K
Roofs U-value U=0.18 W/m?K U=2.75W/m?K
Window U-value U=1.8 W/m3K U=5.8W/m?K

Interviewees have mentioned that due the construction materials that RC used e.g.
thermal insulation have helped maintaining stable and comfortable indoor thermal
comfort. All participants referred 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 that the 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:

‘I..] In summer, when we turn on the AC and then close it, the internal environment
remains comfortable for hours. For example, the ground-floor AC is turned off at 11:00
p.m., and we go upstairs to sleep. The next day, when | wake up and go downstairs [..],

I do not have to turn the AC on in the morning, because the indoor environment is still
comfortable, and we only turn it on when we return from work at 2:00 p.m.’. P10

‘[..]the AC here remains closed for 3 hours or even 4 hours, and the indoor environment
is very comfortable. But if you did the same thing in the conventional house, it would not
work at all because the cold or heat would not be preserved, so you would have to have
the AC on 24 hours a day.” P16

‘[..] when we turn the heating on for an hour before bedtime and then close it, the house
stays warm for two days’. P12

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 split air conditioning units. On the other hand, 42% of

the respondents do not use any additional devices (Figure 6-1). This implies that using
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additional devices in some households is not strongly linked to their level of proficiency,
as some of those who employ these devices typically possess high technical knowledge.
Nonetheless, it is highly associated with their desire 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

Figure 6-1 Using additional devices

It is appeared that there are different ways that the participants use to ventilate their
homes e.g. using the system ventilation, opening windows, doors for cross ventilation
and using the cooker hoods. In some homes the technology structure can constrain and
enable social practices. For instance, some 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 by the interviewees:
‘I turn on the fan in the system most of the time for ventilation’. P16

‘We do depend on opening windows when we want to ventilate a room when the
weather outside is good; in summer, we depend on using the AC [..]’. P04

During cooking time all participants reported that they do have the practice of opening

the kitchen’ windows with the use of cooker hood:
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‘[..] We open windows from the morning to the sunset in the winter. But in the summer
we just open it for an hour to an hour and a half during the cooking time only’. PO5

‘[..] Seasonally, we ventilate the home in summer by using the system ventilation, but
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 long time’. P08

Others such as P04 and P10 who have different level of competences reported that
during cooking time they do not settle for using the cooker hood and opening kitchen’s
window but also they do open doors for cross ventilation. Household 11 reported 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:

‘[..] Opening the kitchen window and the door and using the cooker hood’. P10

‘During cooking, we don’t put the cooker hood on [..]I am a policeman, | saw a lot of fires
in houses, and the reason was the cooker hood with the heat exploded, so from a safety
perspective, | don’t let my wife use it during cooking. [..] the window and the door for
cross ventilation does the job’. P11

Noticeably, it is found that all participants have the practice of opening their kitchens’
windows for faster ventilation and the opening duration can be extended depending on
the external weather. The potential loss of cooled/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 because 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 maintain both their privacy and their social and
cultural practises of gathering. This is evidenced by the Royal Commission’s design for
housing, which maintains privacy for its residents. From the building use study
questionnaire, it is found that around 36% of the respondents reported that the daylight
in their homes is about right, 15% reported that it is little and 10% reported that is too

much daylight. Based on the interview data, most of the participants in RC homes are
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satisfied with the use of the daylight and how it maintains privacy at the same time.
Daylight has an effect on the inhabitants’ wellbeing e.g. psychological health (Aries at
el, 2015). Also, the use of daylight could help reducing the energy use for lighting
(Bannamas and Jirapong, 2015). For 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:

‘The 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
house, of course, the artificial lighting used to be on all the time’. P12

Some participants 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

especially in summer:

‘The lighting is insufficient on the first floor, but the ground floor is excellent. [..] because
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 example the bedrooms, have only
one window in each room, so we feel that there is not enough daylight entering the
space’. P08

‘The lighting is excellent, but the thing we don’t like is that the windows are not
extended to the floor. [..] on the ground floor; the 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
and look at it!” P10

‘I do like and prefer the daylight, but the windows here are small. They should be bigger
and have external shading on them to let some light in and control it’. PO5

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 layout. 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:

‘[..] the indoor layout of this home is excellent and comfortable; the stairs are separated
from the living room and guest room, and this is very good in terms of privacy’. P01
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‘The house layout is good, and we found it very homey! The staircase is separated from
the living room and the guest room. So, | can go up or down if there are any guests in
the house’. P04

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 which may increase the need for cooling. As result, some participants extended
their kitchen and some separated it from the living room (Figure 6-2), as explained by
the interviewees:

‘[..] we preferred if the kitchen was isolated from the living room because of the heat
that coming from kitchen reaching the living room [..]". P08

‘I..] we didn’t like the kitchen overlooking the living room due to the cooking smells,
especially if there are guests’. P05

Therefore, some 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:

‘The main kitchen has been converted into a dining room, and a new separate kitchen
has been built with a roof light.’ P12

‘[..] an external room was built for male guests; [..] the internal guest room is used for
female guests’. P11
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Figure 6-2 First-floor plan
This implies that the design of the home seems affecting the use of the indoor spaces
and resulted in the adjustments that seen in some of participants’ homes, that could
have an impact on their energy consumption. In addition to the home design, from the
building use study 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:

‘The layout of the house is excellent, but the storages, | feel, are not calculated well. To
be honest with you, they are small and few; we can only put things that can be folded,
like blankets and bedding sheets. The rooms are fitted with built-in wardrobes, and we
use them as storage’. P13

Due to the insufficient storages, it is found that some participants use one of the
bedrooms as a storage e.g. P08 use the bedroom?2 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 household uses 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 first floor 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 does not have any curtains on windows and it is facing west orientation.

6.2.3 Controls

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, one of the units
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 and privacy. However,
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:

‘[..]If one member of the family is sleeping on first floor and others are in the ground-

floor living room, | end up putting the system on for both floors! | think the electricity bill
will be less if every two bedrooms had one control unit’. P11

‘[..] One unit controls the entire first-floor spaces; it is a lot’. P12

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 system in order to reduce energy:

‘[..] because the first floor has one control unit for the whole floor, | don’t want to turn

on the heating to heat up the whole floor, and | only need to heat up two bedrooms!’
P15

‘[..] Why should I use it [system heating] to heat the whole floor when | only need to heat
specific rooms, for example the main bedroom and my daughter bedroom, so that’s why
I do prefer using additional heaters’. PO8

One resident mentioned that when he is the only one at home, instead of using the
cooling in the first-floor bedroom, he uses the bedroom on the second floor because it

has a split AC unit with its own control panel. This may indicate that the developer may
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have designed the HVAC to be one unit in the first floor assuming that all bedrooms will

be occupied at the same time:

‘If  am the only person in the house, why do | need to operate 10 tonnes of cooling for
the whole floor when I only need one room? To save money, when my family is not with
me in the house, | do sleep in the room on the second floor that has a split AC unit, and |
do put the system downstairs at 26 °C. P04

The control interface between the HVAC system and the resident plays a crucial role in
thermal comfort and energy consumption. The usability covers some criteria e.g. clarity
of purpose, intuitive switching, labelling and annotation, ease of use indication of
system response and degree of fine control and respondents can answer ‘yes’, ‘no’ or ‘|
don’t know’ (Stevenson et al, 2013; Baborska-Narozny et al, 2019). It is found that 60%
the participants reported ‘yes’ that the HVAC control (Figure 6-3) is easy to operate. All
reported that the HVAC control shows response to their actions when interacting with
(e.g. putting on the AC) and 42% reported that it is not clear for them what is the
purpose of this control (e.g. the system involvement of ventilation). Figure 6-4
demonstrates that 60% of the respondents reported that the location of the HVAC
control helps use it when needed while the other 42% stated that it is 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:

‘[..] location does not make it flexible to use; one is in the hallway of the first floor, and
it is controlling all the bedrooms on the floor’. P17

It is noticed that around 25% of the participants assessed that the HVAC control not
allowing them making sufficient adjustment and it is found from the interviews that
those inhabitants have retrofitted their system’s thermostat. Around 42% reported

that is not obvious if they should interact with the control.
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Figure 6-3 HVAC control panel participant 1 (original) (Author, 2023)

HVAC unit control panel
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Does it allow making sufficient adjustments?
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Isit clear what this control does?
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HYes MIdon’tknow MNo

Figure 6-4 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
HAVC system thermostat and tended to use the smart control thermostat ‘Ecobee’ with
motion sensors (Figure 6-5). Ecobee is a smart solution that can be used with many
HVAC systems to help the participant controlling their HVAC systems remotely as well
as set scheduling routine. It comes with a mobile App and features a user-friendly

interface. Therefore, some inhabitants with their 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:

‘I found that the provided thermostat is not useful and expensive, [..] | need to be at
home to change the settings. [..] to be honest, dealing with the smart system at home is
very convenient’. P16

‘The previous thermostat was difficult to control; | had to be home in order to control it.
[..] | remember, once, we travelled, and when we came back, the indoor temperature
was 37°! | 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
day, the indoor environment became comfortable, as normal’. PO8

‘[..] the new smart controller is easy to use and 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
we return, the house become very comfortable’. P10

Figure 6-5 Ecobee smart thermostat of participant 10 (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 also
very convenient to control it when traveling. As explained by the interviewees:
‘The smart thermostat has motion sensors [..] So if | do not pass from the sensor area in

the house, the app sends me a notification saying, “Are you away?”. Then, if | don’t reply,
it will change the settings to the away mode and the system closes. [..]. P16

‘[..]1 can control it remotely via my phone, especially during travel time. When we travel,
five hours before coming back home, | put on the AC so when we arrive, the indoor
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environment will be comfortable. It is effective, although it is expensive in terms of
installation’. PO8

The results questionnaire indicated that respondents have rated the original electricity
sockets at low scale of ‘3’ and ‘2’ (Figure 6-6). One of the participants mentioned that
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 socket style

(dominant in Saudi):

‘The electric sockets that | had were the American socket style, and | changed them to
the European socket style because it [American socket style] needs an extension for every
socket, and we used to connect the machine and leave it on standby mode’. P17

A study of Guan et al (2011) showing that the households’ standby electricity of the
appliances represents 24% of total household electricity consumption in Australian
dwellings. This implies the effect of technology in shaping the residents’ practices.
Moreover, in some of the residents’ homes, some ceiling lights were controlled by one
controller. And some of the lighting controls are not connected to any of the celling
lights. It was observed during the home walkthrough that some participants used
additional side lamps instead of the provided lights. This is evidenced in the
guestionnaire results that those inhabitants have rated the lighting controls at lower
scale of ‘3’ than others. Whereas, majority of the participants have rated the lighting
controls at a high scale of ‘5’. The issue of having one lighting control that controls some
celling lights was not observed during the home walkthrough in those who rated the
lighting controls at high scale. Figure 6-6 illustrates that 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 the lighting controls are not sufficiently labelled.
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Electricity sockets and lighting controls
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Figure 6-6 Electricity sockets and lighting controls
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Figure 6-7 Lighting controls

The last elements of the environmental control interfaces in this section are the
windows’ and doors’ handles and locks. A study carried out by (Jennifer Brierley, 2021)
on ventilation of low energy homes in the UK found that some residents have excluded
and discounted the 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 especially 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 contributed 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 excludes the night ventilation due to noise:

‘We never sleep with windows open, due to the noise, privacy, and security’. PO1

‘I don’t sleep with the windows open, because of noise and privacy’. P05

6.2.4 Technology element summary

The above section has described the technological element that involve home
system, indoor environment, home design and controls in the RC homes. It shows how
the technology elements enable and constrain social practices which may affect the
energy demand. For example, participants found 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 they were
struggling to configure the best interaction with their systems in order to reduce their
energy demand especially 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
their system to smart ‘Ecobee’ with motion sensors seeking for greater flexibility 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 element constrained these participants of using
the system heating and ventilation due to the system control technicality. Therefore,
they depend on AC in hot season and switch the system off in cold season, they also
adopted some practices in order to reduce their energy demand. It is found that there
is social practice that perform in all studied homes that could increase the energy
demand e.g. the use window for ventilation even in summer during cooking, although
the existence of the kitchen cooker hood. This practice 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 design, some participants use the living room for daily family setting area
whether for whole family or parents only (e.g. P01, P08, P12, P15, P10, P11, PO4 and
P05). The design of the home constrained some participants’ practices and therefore
they separated their living rooms and their kitchens (e.g. P13, P14 and P12). It is
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. Because the living
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 the HVAC
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 the bedroom
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 whole first floor spaces is not
helping the residents to reduce their energy consumption. This indicates that the
recognition of the routine complexities of domestic everyday life e.g. P11 and P05 was
neglected. During heating season some participants brought in their 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 especially in first 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 rules e.g. home touring by the developer and the home user guide. Also,
it describes how the lack of information in those examples have affected inhabitants’
practices of using the technologies in the way that it should be. As a result, some
inhabitants tended to use other sources of gaining knowledge on their technologies

from e.g. consulting professionals, neighbours and from online platforms.
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6.3 Institutional knowledge and rules element

The Royal Commission (RC) is an organization and a developer of the 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 homes. However, the institutional knowledge and rules
that explored here understood as an element which influenced practices in different
ways, ‘though not in any simple ‘communication—change—behaviour’ way (Gram-

Hanssen, 2010.p184).

This element explores the guidance (home induction) that should be performed by the
developer and the home user guide that is provided by the developer. This section
demonstrates how inhabitants’ knowledge related to the use of their home

technologies have been gained.

6.3.1 Guidance

From the literature review it is found that the technological element has taken
more attention in Saudi studies related to home energy demand. This does not mean
that this study overlooks the technology element, as the above section has described
how technological structure can constrain and enable inhabitants’ practices which may
affect the energy demand. As stated by (Shove, 2003.p397) that ‘the social and the
technology change are different sides of the same coin’. Meaning whenever there is a
technological shift, it inevitably leads to changes in social. For 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 participants have mentioned that limited offer technical knowledge led to
misusing the system ventilation or scheduling the system. Even from the building use
study questionnaire results, it is found that more than 49% of the respondents reported

that they control the system cooling more than the system heating and ventilation 35%
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and 33%, respectively. This implies the importance of the home induction to the
households. Unfortunately, this could not be investigated further because the
respondents’ details were removed from the questionnaire according 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 using the home system. The interviewees mentioned that they
had received only detailed written information, which did not appear to be useful for
future reference for some of the residents:

‘It [the guide] is very complicated, and there are a lot of technical things in there. |
haven’t read it yet, and it takes a long time to read it. The need here is the practical side,

not the theoretical side, of using the home system and how to use it in order to save
energy and money’. P05

‘For the washing machine and the dryer, | used their manuals, and it did help, but the
system did not really’. PO1

The first language of participants in this research is Arabic. However, the home user
guide provides no translated instructions for non-English speakers, as the interviewees
explained:

‘[..] 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 English!” P11

‘The manual has technical information and is written in English. It should involve the
Arabic language, which would help’. P17

A conducted building performance evaluation study by Palmer et al (2016) on several
UK housings projects, it is found that 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 reported receiving minimal

verbal instructions and no detailed explanation from the technician:
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‘I was instructed by the company technician to leave the HVAC system on auto mode,
and that’s it’. P17

Aside from the language that is used to explain the instructions, 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.

Figure 6-8 Home user guide (Author, 2023)

Based on the data provided above, 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 offered (Menon and Foster,
2017). The residents suggested that verbal instruction is needed:

‘Educating the residents on using the home system/appliances and providing them with

knowledge, for example that this is highly efficient and that this is less efficient, and so
on, and the features of the technology that is provided in the house’. P16

‘The RC should have educated the resident on using the home system and explained the

advantages that the system contains in a practical way, so it can help the residents
reduce their consumption’. P11
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It was found that the home user guide includes full details of the suppliers of all
technology and appliances provided 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 maintenance or other issues in their home, especially once

the home warranty expires.

6.3.2 Knowledge gained from other sources

As discussed in the sub section above, that the formal provision of information
with the house was inadequate for nearly all 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 inhabitants gain the competence and confidence that they demonstrated earlier
(section 6.1). Participants who control their systems manually or by scheduling or by
smart thermoset have gained knowledge on using the home system through many ways
e.g. YouTube, others’ experiences, consulting professionals and attained competency

through trials and errors:
‘The 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 guide. | gained help from friends who had lived in RC houses
before me and advised me not to let the indoor temperature exceed 30 °Cor 35°C". P16

‘[..] when | faced any problem, | used to ask my neighbours; we do have a social group.
I just put in my concerns, and | got help. I learned a lot from them’. PO4

‘[..] I had to consult a professional to help me using the system’. PO1
‘By myself by trial and error’. PO5

The strong built-up connections amongst the residents have helped them overcome
some issues related to the home system and energy consumption. For example:

‘Some said that | should schedule the system, put a smart thermostat instead of the
original one, or separate the AC unit on the first floor especially’. P17
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‘One of my neighbours has installed an AC split system in the first-floor bedrooms, and
he noticed the difference in the electricity bills, so he recommended it to me’. P15

This could help explaining why households are varied in terms of how well they
understand the system. For example, the participants who consulted professionals and
being able to read or 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 in the households who are operating their system
through scheduling e.g. (P01, P13, P14, P15) and others through installing smart
‘Ecobee’ e.g. (P08, P16, P10). While other households who face language barriers and
gaining from other social experiences e.g. friends 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 others. 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 the emitting the heat to indoor spaces e.g.
in P04 (more discussion on this in the following section 6.3.3). Trees shading can reduce
the solar heat gains of the exposed building facades, as a result can contribute to reduce
energy demand for cooling. A study of Tsoka et al (2021) assessed the effect of trees
shadings on reducing the daily solar 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 and density 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 m?/m3), Aesculus hippocastanum
(height 10.5m and density 2.0 m2/m3) and Tilia cordata (height 10m and density 2.5
m2/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 % respectively, 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. Thereafter, itis turned off due to the quality of the indoor environment,
as the interviewees clarified:
‘We immediately turn on the heating, but we cannot sleep and keep it on for a long time

for safety and health; the internal environment is stuffy when the heating is on for a long
time. We turn it on for an hour, and then it is closed’. P10

‘But when it’s sleeping time, | put the heating on for 1 hour; then, | close it before going
to bed because | think the heating on all night can bring health issues like feeling the
indoor air is stuffy’. P01

‘The heating system is on before sleeping for 2 hours, and when we want to sleep, | close
it. [..] because we feel that the indoor environment is stuffy, the oxygen is low, and we
also don’t like sleeping in a very warm place’. P13

6.3.3 Institutional knowledge and rules element summary

The section illustrated that there was a lack of formal verbal home induction
from the royal commission to their residents. This 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 instruction was offered by the institution. It is appeared that the 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 for non-English
speakers. Furthermore, the high amount of driven technical information and the quality
of the picture provided hindered the use of the home user guide for some participants.
Much of participants’ work with the appliances comes from informal learning and know
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 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 in the households who are operating their system through scheduling

e.g. (P01, P13, P14, P15) and others through installing smart ‘Ecobee’ e.g. (P08, P16,
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P10). While other households (e.g. P11, P17, PO4, P12 and P05) due to the language
barriers they gained knowledge from other social experiences e.g. friends and
neighbours have been able to control 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 others. For instance, the seasonal use of spaces
can be seenin 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 related to health and the indoor environment. It is
appeared that some residents use the heating for a couple of hours before bedtime then
it is turned off due to the quality of the indoor environment. The next following section
explains the inhabitants’ thermal practices that they do seasonally in order to minimize

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

6.4 The engagement element

6.4.1 ‘Things’ for comfort

In this section, thermal comfort is understood as ‘the activities householders
undertake to heat and cool their bodies and homes’ (Strengers, 2010 p.7313). The
participants were asked about their daily thermal comfort practices, such as cooling,
heating, and ventilation, to create a comfortable indoor environment. A particular
practise holds meaning to the people performing it, and a goal or reason guides this
practise (Gram-Hanssen, 2013). However, the same practise can hold different
meanings for different people and can therefore influence the practise in different 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 non-technological practises beyond the installed HVAC system 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 cooling, to reduce their electricity bills by 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:

‘One of the practises that we do when the weather is hot is that we go to the beach to
swim, not only for sports but also to feel cool and stay away from technology’. P14

‘Wearing fewer layers of clothing, eating ice cream, and drinking cold drinks’. PO1

The government of Saudi used to subsidy energy, but after 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 1-6000Kwh (0.18 SR/kwh), consuming more 6000 Kwh (0.30 SR/kwh) (SEC,
2017).

Other practices related to the orientation of the home, in the summer, some
interviewees use blackouts on windows to reduce the heat gain e.g. households 1 and
11 use dark colours blackouts on windows (black). Also, household 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 (white) blackouts on their
windows and they open and close them for a portion of the day depending on the

orientations. Explained by the interviewees:

‘[..] Externally, planting around the house not only for the nice look but also to provide
shading and reduce heat coming inside, means we don’t need to put the AC on’. P04

‘[..] in the summer, we use blackouts on the windows when the temperature is high
during the day, for example in the living room, guest room, and dining room, because
the orientation there is facing east, and they remain closed until after 12:00 p.m., when
I 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 reduce the heat coming inside and the need for operating AC at less than
24°C. P05

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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‘Using external shading from the outside on the upper windows from the bottom of the
window to the half only’. P13

‘Most of the time, the curtains are on day and night in summer’. PO1

It is noticed that not all practices that were performed may decrease the energy demand
as intended. For instance, using or depending on artificial lightings most of the time
during the daytime or in one of the studied homes this practice was performed during
daytime in the summer season. A study of Aldubyan and Krarti (2022) showing that
11.2% of the annual household’s energy consumption for lighting. This is due to the type
of lighting is used, e.g. incandescent and fluorescent lamps are the most commonly used
lighting in Saudi households as well as the operation duration (ibid). 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 they have 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 addressed especially 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
or off and affecting other family members’ thermal comfort, one participating family
mentioned that they switch places in the living room according to their individual
thermal comfort:

‘[..]when we are sitting as a family in the living room, the people who feel the heat can

sit in this place, and the people who feel cold can sit in the place that is under the AC. In
the house, we exchange places according to the thermal comfort in the living room’. P12

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

them to do it, as an interviewee clarified:

‘The AC in the dining room, we don’t put it on; we just open the door between the living
room and the dining room so the air can pass into the room’. P11

It appears that families use daily spaces differently depending on their comfort

requirements and the materials of the living rooms differs:
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‘Putting two living rooms in the house is not only for the sake of change. The use of these
rooms varies according to the season; for example, in the summer, we use the upper
room because it has a wooden floor, so you can feel cool. Even the quality of the furniture
differs, so the living room on the first floor has a leather sofa’. P17

Several interviewees mentioned that they all turn off their AC systems. And the practice
of varying their clothing to meet individual comfort 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:

‘In winter, [..] we feel that our house is very comfortable, although outside it is cold. | did
not have to use the heating here, as we rely more on wearing extra layers than heating.
I rarely turn it on because the weather from year to year differs’. P14

‘[..] wearing extra layers makes it easier to adjust the thermal comfort; for example, if
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
affecting others’ thermal comfort’. P04

‘We do open windows to let some heat from the sun come into the indoor spaces
during the daytime and close them before sunset. If the whole family is feeling cold, |
also put the heating on at 21°C’. PO1

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:

‘In the winter, we go out in the house garden and light a fire and sit around it to feel
warm, this is something that brings me back to the past, 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
reduce our dependence on technology, and these practices contribute to saving’. P14

‘[..] in the winter, we use more of the room on the ground floor because the floor is
carpeted, [..] and it has a fabric sofa to help you feel warm as well’. P17

One resident has built a future room (it is room on the first floor that can be built
according to the inhabitant’ needs) see Figure 6-9, which used to be their daily living

room to reduce energy:
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‘[..] the new living room on the first floor has its own AC split unit with its own control,
so cooling a specific area is cheaper’. P14

Bathroom

Figure 6-9 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 the kitchen:

‘[..] for saving, we shut off the AC in the guest and dining rooms, as they belong to one
unit, and in the living room unit because we separated the kitchen and put a new AC

split there’. P14

Other residents have trained their family members to pay attention to unused
electrical appliances in unoccupied rooms in the home:

‘For saving money and the environment, | trained my family that if any room is not in
use, anything electric should be off’. P01

‘We trained ourselves that we don’t leave anything we do not use on. And when we go
out, we also turn off things like lights, extractor fans, televisions and other devices to
save money, and to reduce maintenance of devices’. P13
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Interviewees also reported using specific spaces and the spaces that they do not use

they turned off the AC unit to reduce energy:

‘For saving money | closed the AC unit in the guest and dining rooms’. P01

One resident explained that when leaving the home, they adjust the system accordingly,
even for short periods:

‘When travelling, | shut down the system completely. Even if | go for a short distance,
like going to Dammam, | do it. [..] to save money’. P11

To reduce energy consumption, another interviewee reported operating the AC system
for three days at a time and not lowering the temperature below 24°C to cool the indoor
spaces:

‘if we turn it on a day before, for example, it will not cool the place because the system
is closed for a while, and we don’t want to consume higher energy by putting it at a
temperature below 24°C, like 21°C or 20°C to cool the whole two floors, so the best

solution is to run it for a period of time during the day at 24°C and then it closes and so
on for about 3 days’. P10

Even electrical appliance choices are driven by the desire to save money. some 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:
‘Cost, quality and efficiency’. P05

‘[..] when | want to buy white goods such as the freezer and refrigerator, we pay more
attention to their efficiency because they will be on all the time’. P10

Opening the windows in summer allows hot air to enter the home, and the hot flow of
air could increase their indoor temperatures. All 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, they reported opening windows
more for natural ventilation. One resident reported opening other rooms’ windows not
only in the winter but also in the summer, especially during cleaning:

‘We also open windows weekly during the cleaning time, for example when washing
the flooring tiles, to avoid excessive humidity’. P15

136



In winter, some residents leave their windows in the main bedroom open only at night
for natural ventilation, while others restrict the use of natural night ventilation due to

privacy and noise:

‘We never sleep with windows open, due to the noise, privacy, and security’. PO1

‘Of my bedroom, | wish to leave it open, but | cannot due to the noise’. P17

6.4.2 Engagement element summary

The engagement with the home and its systems appears to be driven by
people’s financial concerns as a results it is found that some practices performed in the
studied homes were historical and new adopted practices which may have affected their
energy demand. In the summer season, the use of AC cannot 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 performed in order to minimise the need for
cooling as a result reduce the energy demand. Others reported that they use blackouts
on windows for a portion of the day to prevent the heat from entering the indoor spaces
depending on the orientations e.g. households 4 and 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 the lowest 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 minimise the time need for operating
the AC. Itis 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 participants ignored 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, opening kitchen 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 e.g. living room and as a result
increase the energy demand for cooling. While in winter, the time of opening windows
for ventilation is extended from morning until sunset or even for couple of nights (e.g.
P01, P04, P11 and P16). But in some households opening windows 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 opening 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 necessarily to 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 when they leave 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 earlier at 24°C not lower than
this to consume less energy for cooling. In winter, all participants 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 switch unused 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 daily routine, cooking, laundry and

hospitality habits in which may affect their energy demand.
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6.5 The know-how and embodied habits element

The element of know-how and embodied habit is an important element of
practices associated with the energy demand and indoor environment. Different
residents have different habits, which in turn may contribute to different levels of
indoor environment and energy consumption. Inhabitants’ habits that were found in
this study are often based on their experiences from 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 the inhabitants lived in their current
homes. This section illustrates the inhabitants’ habits related to their home systems and
energy consumption e.g. do it your self-habit (DIY), cooking, laundry and hospitality
habits. It is found from the undertaken home walkthrough that all the studied homes
were supplied with electricity and no gas source was found. Shifting from the material
home and the system and interfaces of the HVAC to the broader patterns of habit and
routine that are supported by the thermally comfortable indoor environment. Providing
the inhabitants occupancy patterns and their routine to enable interpreting it with the

findings from chapter 4 related to their indoor thermal comfort.

6.5.1 The do-it-yourself (DIY) habit

All the residents that were interviewed have adopted the new habit of cleaning
their systems’ filters regularly, either themselves or through technicians. The relatively
DIY task of cleaning the filters enhances the system’s performance. This new habit was
gained for some of the inhabitants from YouTube, from company website for others and
the technician. This approach assumes that inhabitants comprehend that the system
requires regular filter cleaning and are aware when such a clean is due, as explained by
the interviewees:

‘In the summer, | noticed that the system needs more maintenance in terms of cleaning
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 year and is carried out by
the technician’. P15

‘I do the maintenance by myself, like cleaning the system filter and changing lights.
However, if there is a serious problem with the AC, | call the technician to fix it. In fact, |
used to call the technician to clean the filter for me, but each time | learned something
from him until | 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 filter immediately the next day’. P14

‘Cleaning the system filter, and the technician does it for me, and at the same time he
checks if there is something that needs maintenance or not, and this is done every 6
months’. P12

6.5.2 Occupancy patterns and routinized practices

The goal of investigating residents’ occupancy patterns to interpret the indoor
environment with these occupancy patterns in the four measured rooms. It appears
that all participants’ homes are generally occupied for 24 hours of the day and are rarely
empty at weekdays. By contrast, on weekends, especially Friday, which is usually ‘family
day’, families go out in the afternoon and return home at night around 11:00 p.m. or
12:00 a.m. Inhabitants use the four measured rooms differently. One 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:

‘I put the temperature in the system on the first floor at 24°C all the time, whether
sleeping time or not. While on the ground floor, the guest and dining rooms have a
temperature of 28°C because we don’t usually use it. And the kitchen and the living room

are at 24°C from 1:00 p.m. to 10:00 p.m., but in the winter the AC is off for 3 months’.
P05

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

upstairs to sleep:

‘Before going to sleep, my wife and | go room by room and check if any electrical
equipment is on, and we do close it and unplug it even’. P05
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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:
‘I have different work shifts; one day I go to work in the morning from 6:00 a.m. to 2:00

p.m. Another work shift is from 10:00 p.m. to 6:00 a.m. The third working shift is from
2:00 p.m. to 10:00 p.m.”. P11

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

‘The indoor temperature, both floors on 24°C during the day. On the ground floor, from
10:00 a.m. to 11:00 p.m., the AC is on at 24°C. On the first floor, from 11:00 p.m. to 3:00

p.m., the AC is on at 24°C. When we don’t need the AC or are leaving home, my wife or |
close it manually’. P11

One participant has a constant routine on weekdays, leaving home from 7:00 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 has the guests. 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 before turning off again, and
is finally on from 4:00 p.m. until midnight. The first-floor 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 reaches 35°C, the system will
turn on immediately. The interviewee explained the seasonal temperature settings as
follows:

‘In summer, autumn, and spring, 24°C because | don’t like to feel hot, and at bedtime |
prefer 21°C degrees’. P16

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

the ground-floor AC is on from 3:00 p.m. until 1:00 a.m. One of the residents has a

141



fixed routine and uses the system manually according to their family’s use of space.
The resident reported that their 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:

‘[..] The ground-floor unit is on from 7:00 a.m. to 10:00 p.m. at 24°C. On the first floor,
the AC is on from 9:00 p.m. until 7:00 a.m. at 24°C. In the case we travel, | don’t close

the AC unit in the spaces we use daily; | just put the indoor temperature at 26°C, so when
we come back, we don’t want the space is hot’. P04

Another family 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
temperature is set at 27°C unless they travel for a long time and turn off the system.

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

‘The ground floor has temperatures ranging from 25.5-24°C during the time we use the
spaces. When nobody is using the ground floor, the temperature is changed to 27°C. The
first-floor temperature was 25.5-23°C and the same thing happened when we didn’t use
the floor; the temperature changed to 27°C. But the new living room on the first floor
has its own AC split unit with its own control; the temperature there is 23-24°C’. P14

Participant 12’s home is never empty, even on weekends. Family members’ different
ages result in different routines. During the week, the family uses the living room only
in the afternoon 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 resident described, the daily temperature in their house

is complicated and all floors are occupied during the day:
‘The temperature in our house is unscheduled and complicated, the temperature ranges
from 28-25°C during the day [..]. 24°C is 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 travelling’. P12
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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 24°C during the day. To create 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 system manually depending

on the space occupied and the daily temperature:

‘[..] the temperature is fixed at 24°C during daytime and night-time. [..] Most of the day
in the summer, the AC is on; it closes if it reaches the required temperature of 24°C’. P17

Due to the design of the living room, one family uses the space daily from 2:00 p.m. until
11:30 p.m. In any occupied space in the house and during the daytime and night-time,
they prefer a uniform temperature of 24°C, which is never lowered unless they have
guests. Sometimes, the participant’s husband uses the room on the second floor as an
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:

‘From 9:00 a.m., the AC is on, on the ground floor, and it is off at 11:30 p.m. First floor:
from 11:30 p.m., the AC is on at 24°C and is off at 7:00 a.m.”. P10

Another family operates the AC in all ground-floor rooms on weekdays. The living room
is used as the parents’ sitting area and the dining room as the children’s sitting area —
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:

‘[..] The temperature on the whole ground floor spaces is 23°C from 9:00 a.m. to 6:00
p.m.; after that, it turns off completely. For the first floor, the temperature is at 25°C
during the daytime, except from 8:00 p.m. to 8:00 a.m. the temperature changes and

becomes 20°C because we prefer to sleep in a cold environment. But when leaving
home for a long period of time, | close off the system’. P15

Another family opts for a temperature schedule during the week. The family uses two
of the bedrooms on the first floor as the daily living room — one 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 result, the 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:

‘The temperature on the ground floor [kitchen] is 24°C day and night, and the AC in the
living room is closed because | separated the living room AC unit from the kitchen. Also,
the guest room and the dining room’s AC is closed, [..]. The temperature on the first

floor is 24°C during the day, but when bedtime comes, it is changed to 23°C from 10:00
p.m. to 7:00 a.m., and then it returns to 24°C’. P13

When the family leaves their home for a short period, the temperature changes to 26°C.
However, for longer periods, such as more than 10 days, the resident turns 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 floor daily and the guest room only when they
have guests. One of the bedrooms upstairs, which has been converted into a sewing
studio for the participant’s wife, is another room that is occupied daily. This resident
mentioned that the system in the house has changed to be smart and is controlled
remotely. Their daily use of the AC and the temperature settings are as follows:

‘In the summer, the AC is on from 10:00 a.m. to 10:00 p.m. in the ground floor living

room and the kitchen area at 24°C; the AC units in the 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. at 24°C’. P08

Participant 1 employs a detailed temperature schedule. The house is occupied on
weekdays and empty on weekends. The living room serves as the daily family sitting
area and the dining room as the children’s sitting area — both rooms have a television.
The resident reported that when leaving home for a holiday, they set the temperature
to 28°C because they do not want the humidity to damage their furniture. The daily
temperature schedule is as follows:

‘I schedule the temperatures in the house. For example, on the first floor, when it is

sleeping time, the temperature is set at 22°C from 9:00 p.m. to 4:00 a.m.; from 4:00 a.m.
to 7:00 a.m., at 23°C; and from 7:00 a.m. to 1:00 p.m., | set the temperature at 25°C.
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From 1:00 p.m. to 9:00 p.m., the temperature is 28°C. On the ground floor, | set the
temperature at 28°C from 9:00 p.m. to 8:00 a.m. From 8:00 a.m. to 9:00 p.m., | set the
temperature at 27°C; at this time, the family uses the ground floor more than the upper’.
P01

The resident reported that setting the temperature at 27°C on the ground floor does
not cause discomfort in the indoor environment because the fan mode is on and they
can feel the air circulating. They have found that doing this is cost effective and

thermally comfortable for the whole family.

6.5.3 Cooking habit

Cooking significantly influences the indoor environment and energy
consumption due to the design of the kitchen as an open-plan area to the living room.
When the walk through was conducted in some of the participants’ homes, it was
notable that all appliances in the RC homes are electric; there was no evidence of gas
usage in these homes. All participants share similarities in their cooking habits: they
reported cooking two to three main meals a day, with cooking durations of 20—40
minutes for breakfast meals and one to two hours for main meals such as lunch and
dinner. Two of the households (e.g. 11 and 14) reported 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 seasons; except for P11 (ventilation practises explained
in section 6.4.1). 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 explanations of the home layout).
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6.5.4 Laundry habit

Shifting from explaining the home technologies at the begging of this chapter
e.g. home system, indoor environment, layout and controls to households’ habits e.g.
cooking, laundry and hospitality habits that have relation to energy demand. One of the
households’ habits that related to energy consumption is the laundry and is an essential
household activity. The interviews suggest that this practise varies from one household
to another. All RC homes have been designed to include a laundry room equipped with
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 every 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 not line 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 electrical appliances states that the dryer
consumes less energy, especially when the machine’s filter is clean (Figure 6-10). The
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:

‘In the RC house, if | want to change electrical appliances, | will change the washing

machine and dryer because their consumption is higher than what is currently on the
market, although their quality is high’. P16
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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.

Figure 6-10 Instruction for dryer machine, extracted from the home user guide (Author, 2023)

Due to participant 16’s energy consciousness, he does his laundry once a week:

‘I'do it [laundry] once a week’. P16

Not only the laundry habit but also paying attention to the efficiency of any devices
before purchasing them, as the interviewee explained:

‘I remember when | returned to Jeddah city to visit my family there, they needed to buy

a new washing machine, so | bought it for them based on its efficiency and consumption
of water and electricity before looking at its brand’. P16

Rather than using the dryer machine for every wash, one resident (P17) uses it once

for more than one wash:

‘Because it [the dryer machine] consumes high energy, | have to put more than one wash
in the dryer and dry it all together at once’. P17

Some residents mentioned that the size of their family has shaped their habit of doing

laundry daily:

‘As we are a family of six, we do the laundry every day using the washing machine and
the dryer’. P11

‘Laundry we do it every day, using the dryer machine’. P14

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 and drying cloths are performed once at weekends’. P15
‘We do the laundry once at the weekend, [washing machine and using the dryer]’. PO8

In fact, the frequency of doing laundry is not related to family size. Some large families

do their laundry three times a week:

‘The washing machine and dryer are used every other day’. P12

‘We do the laundry every other day and so on; to do that, we use the washing machine
and the tumbler’. PO5

‘We do the laundry two to three times a week using the washing machine and the
tumbler’. PO4

Two of the families have the average Saudi family size of five, but their laundry habits
differ:

‘We do it four times a week, using the washing machine and the dryer’. PO1

‘Washing clothes every day and using the dryer. My kids constantly change their clothes

during the day, two to three times a day; this is a habit they acquired from their father.
Well, they used to do more than that, but they have improved now’. P10

6.5.5 Hospitality habit

The interview data revealed that 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 entrances — one for female
guests and the other for male guests. The minimum indoor temperature that was found
in all homes was 24°C 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 to this habit can be found in cold
country such as the study conducted by (Sovacool et al, 2020). Discussing the thermal

comfort in smart heating homes in the UK, it explores ‘thermal conflict’ and one of its
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identified form was hosts versus guests (ibid). The study mentioned that the household
perform the practice of rising the temperature few degrees for their guests (ibid). in this
study some participants mentioned that when they expect visitors, the AC will be on a
few hours earlier, and all the internal and external lights in the entrance will be on, such
as:

‘Before the guests come, | reduce the temperature to 22°C so the area can be cool
enough’. PO5

‘When we have guests, we put the AC on the same degree, and if it is needed, we reduce
it to 23°C’. P08

‘When we have guests, | turn on the AC at 23°C to cool the place and then increase it to
24°C’. P17

One resident turns the AC on the day before a social gathering:

‘When we have guests coming, the day before, | put the AC on in the guest room at 23°C
because it has been closed for a long time, so it needs time to cool the space’. P04
As mentioned above that the data was analysed deductively and inductively, after

explaining the deductive themes, two Inductive 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 limited 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:

‘The AC here in this house | feel that it is good for a large family more than me as one
living individual. [..]JFor example, I sit in the dining room, so why do | turn on the air
conditioning in the rooms on the ground floor, and | only need one room in which | use’.
P16

Due to the complexity of the HVAC control makes it difficult for specific age to 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:

‘[..] From the age of 8 years old and more can control it, by putting the switch on or off
and its switch control like the light switch control, it is not difficult or complicated’. P17
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6.5.6 Know-how and embodied habits element summary

The section of the know-how and embodied habits element has explained
varied routinized practices that people perform in their everyday lives. for instance,
when, how and how long participants interact with the technologies, which in turn may

contribute to variations of the observed indoor environment and energy consumption.

It is found from the households’ routines that the all studied homes never be empty
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 empty every weekends (Thursday afternoon until Saturday
night). The routinized practices of 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, P11, P12), 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 and night-time.
During the cooling seasons, most of the participants (e.g. P05, P11, P16, P04, P14, P12,
P17, P10, P13, P08, P01) used the AC with temperature not lower than 24°C during the
day time. For household 15, reported that 23°C the preference temperature during the
daytime. While during the night time temperature below 24°Cis occurred in households
P16 (21°C), P15 (20°C), P13 (23°C) and P01 (22°C). However, 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 the floor 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, PO1 and P17).
Household 15 turned off the system when the floor spaces is not in use. It is 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 it at higher certain temperature (e.g. P14, P16, PO1, PO4 and P17).

it is found in most of the participants that the living room is used as family seating area
and a place where they have their guests (e.g. P01, P04, P05, P08, P10, P11, P12, P15).

And some participants such as P17, P16, P13 and P14 using this space when having
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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
consciousness for some participants (once to 3 times a week) and the family size (e.g.
some of the above average family size do laundry every day), with exception of P10. In
winter, drying indoor winter cloths such as wool, is reported by all participants. Cooking
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
guests their system’s temperature will be lowered by two degrees to cool the space
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 environment

differences, energy consumption and the effect of the inhabitants’ practices.

6.6 Chapter summary

The analysis of the thirteen interviews with residents and the conducted home
walkthroughs have highlighted that all participants involved in the study 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 construction of the homes have
helped them reach an optimal level of thermal comfort. However, the influence of the
technology on the inhabitants’ practises as a result of energy consumption is notable.
For example, the existing system control thermostat requires several interactions,
making it inflexible and time-consuming 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 insufficient 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 absence of verbal 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 non-technical audience, it requires a moderate level 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 AC units, using 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 floor, one 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 comfort level change and the need

for operating the cooling/heating system increase.

The non-existent relationship between those receiving and those providing information
influences how participants interact with their home systems. The strong built-up
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
the system filter regularly to enhance the system’s performance and to minimise its
operation duration, thereby reducing their consumption and electricity bills. Although,
no evidence was found in the provided written documentation for new residents

regarding the process of cleaning the HVAC filter.

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 participants’ practices aid in reducing their
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 and increasing the indoor temperature,

which in turn increases the operation duration of the AC to cool the hot spaces.

This example illustrates how inhabitants’ ventilation and cooling practises, which are

intended to improve thermal comfort and air quality, may have the opposite effect on
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energy consumption and electricity bills. The chapter illustrates how the inhabitants’

everyday practices may affect the energy consumption in Saudi homes.
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Chapter 7: Understanding the possible influences of
inhabitants” practices on energy use and indoor
environment

7.1 Introduction

After, analysing the inhabitants’ practices in the previous chapter (6), shows how
these social practices affected by the four element of practices’ Gram-Hansen (2010)
(technology, engagement, institutionalised knowledge and rules, know-how and
embodied habits). This chapter presents the triangulation of data of the indoor
environment, energy consumption and inhabitants’ practices. Providing deep
understanding of the possible influences of inhabitants’ practices related to the diversity
presented in energy 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 indoor variations.

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 their guests. The participants’ living rooms are facing
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 using this 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. The 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 only 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 home and minimizing 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:

‘[..] In the summer, we use the upper room because it has wooden floor, leather so you
can feel cool’. P17

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,
because the 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. This practice
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 as a result the HVAC
is not operated except during the cooking time. This all can explain the recorded
variation of the indoor temperature the maximum temperatures in these participants’
living rooms and were between 28 °C (e.g. P17) and 33°C (e.g. P14) (Figure 5-1: 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 unoccupied e.g. from 6:00
p.m. until the next morning at 9:00 a.m. in the ground floor. The indoor temperature

may have been raised due to the living room's orientation towards the east and south.

Households 14, 15 and 16 have the same orientations of their living rooms e.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 living room. 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, because the kitchen and the
ground living room have one HVAC unit. In addition, P16 reported that the system turns
on automatically when the indoor temperature reached 32°C, while P14 their system

will be on when the indoor temperature reached 27°C (Figure 5-1: chapter 4).

In winter, the indoor recorded temperatures were at 20°C found as
minimum temperatures in most of the participants living rooms (figure 4.3: chapter 4).
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 P01 (north & east).
Also, inhabitants’ practices such as opening windows during the daytime until sunset to
provide warm indoor environment during night time was found in households 1, 13, 14

and 17, as reported by one of the interviewee:

‘We do open windows to let some heat from the sun come into the indoor spaces
during the daytime and close them before sunset/[..]’. PO1

Moreover, 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, low indoor temperature was noticed in household 14 at approximately
17°C (Figure 5-1: 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 in household 14’s living room.

The internal recorded temperature of all the guest rooms have low to medium
variations (Figure 5-2: chapter 4) comparing to other measured rooms (e.g. living room,
main bedroom and bedroom 2). All inhabitants that involved in this study their practice
of using their guest rooms performed when 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°C 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 order to reduce energy:

‘the AC in the dining room we don’t put on we just open the door between the living
room and the dining room so the air can pass into the room’. P11

Even in winter the guest rooms had minimal variations recorded in their indoor
temperatures. These variations were affected by the participants’ practices e.g. it is
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 windows open even if they don’t
have guest for ventilation e.g. P11 and P17. Furthermore, recorded warm indoor
temperatures in households’ 16 and 14 guest rooms at 25°C and 26°C, respectively
(Figure 5-2: chapter 4). The positioning of their rooms, facing towards the west and
south, can beinterpret the warm indoor environment. Also, these participants reported

that their guest rooms windows have no curtains instead they had white film tint sheet.

For the main bedroom, the highest recorded indoor temperature was found in
household 15 at approximately 40°C in summer. This 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 room, the use of dark (turquoise) colour curtains and opening the
bedroom window may have contributed in increasing the indoor temperature (Figure
5-3: chapter 4). Although participant 14 has the same facing orientation as P15, but it
is found lower recorded indoor temperature than P15 and the maximum temperature
reached 27°C. This can be interpreted by use of light (white) colour curtains and setting
the HVAC at 27°C so the system automatically is on when the temperature exceeds 27°C.
Another, high indoor temperature was found in household 1 main bedroom and the
maximum temperature reached 31°C (Figure 5-3: 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. Households 12, 10, 17, 4, 14 and 13 have
same bedrooms’ orientations north and setting their systems at certain temperature

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, although household 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 season, variations in indoor temperatures of the main
bedrooms were noticed in all homes (Figure 5-3: chapter 4). Low indoor recorded
temperature in P01, P04 and P11 were at 19°C and 18.5°C, respectively. 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 24°C (Figure 5-3: chapter 4). Although, in the main bedroom of
the household 13 faces north orientation, warm indoor temperature was found
between 20°C 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 households.
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. P01),
west (e.g. P13, P11 and P17) and south (e.g. P16, P15, P16, P12 and P14). This can be
interpreted the high indoor temperatures found in those homes in transition period and
summer season (Figure 5-4: chapter 4). Besides, the inhabitants’ practices in this room,
other factors may affect the indoor temperature e.g. room orientation, albedo affect as

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 44°C, although this room is facing north. However, 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 low albedo 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 released. 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:

‘[..]l painted the bedroom 2, future room and the roof area with white paint in order to
reduce the heat coming inside the house because the bedroom 2 is used as storage and
we put the food freezer there’. P08
The practice of painting the future room with white colour was also evident in
household 10 (Figure 7-1):

‘from the neighbours social group there is an engineer and he advised people to paint

the future room and the roof with a white paint because it has dark grey colour and the
white colour reduces the absorption of sun radiations’. P10

Figure 7-1 painted future room of participant 10 (Author, 2023)

Indoor temperature variation of bedroom 2 is found in household 10, the minimum
temperature reached approximately 19.5 °C especially in the summer season (figure 5.4:
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

(Figure 7-2). 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 the home, 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, the minimum recorded internal temperature
reached 25°C (Figure 5-4: 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 member of the family, she
prefers warm indoor climate. This may interpret the variation of the indoor temperature
(Figure 5-4: chapter 4). The reason for the excessively high indoor temperature of 35°C
during the summer could be attributed to the west-facing orientation of the bedrooms
2 occupied by participants 4 and 5. Because Saudi Arabia is located near to the equator

and more heat gain from the east and the west orientations.

In winter the recorded external temperature was at 10°C, low indoor
temperatures variations are found in all four measured rooms in winter season
compared to the transition period and the summer season. the monitored four rooms’
interior temperatures had not exceeded approximately 27°C across all homes. Thisvery
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 system heating on for 1-2 hours meaning the
whole first floor spaces are heated. Moreover, the bedrooms 2 found facing south (P16
and P14) west (P11, P13, P05, PO4 and P17) and east (P0O1) orientations in the studied
homes, this can be considered as another reason interpreting the observed warm

indoor environment.

Lower than 20°C of the indoor temperatures were recorded in all four measured rooms.
The bedroom 2 had less practices performed there e.g. (PO1, P16, P11, P13, P14, P17)
with exception of PO4 and P0O5. As 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 low recorded indoor temperature at 17°C (e.g. PO1) and
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19°C (e.g. P04, P11 and P16) (Figure 5-4: chapter 4). These participants reported that
the winter practice of opening windows for ventilation were performed daily and even
the window can be left open for several nights unlike P13 and P14, this may explain the

recorded low indoor temperatures.
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Figure 7-2 Indoor temperature of the monitored bedrooms 2 of all homes during five days of the summer season

It is worth mentioning that the noticeable variations in the indoor temperatures in most
of the participants’ measured rooms (e.g. living room, guest room, main bedroom and
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 (e.g. P15, P10, P13, P08, P05, P12 and P11) and some set it at higher certain
temperature (e.g. P14, P16, P01, PO4 and 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 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.

Indoor relative humidity variations are noticed in the living rooms of all participants in
all seasons. In the summer, most of participants’ living rooms indoor humidity levels
were approximately not higher than 60% but lower than 40% (Figure 5.5: chapter 4).
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 that the maximum humidity
reached 83% 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% (Figure 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:

‘[..] Humidifier in the living room because we feel that the weather is dry and turn it on
once or twice a week for half an hour’. P12

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 to explain 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 it is found that the indoor RH exceeded 60% in most of the
studied living rooms (Figure 5-5: chapter 4). This can be explained by the ventilation
practice of opening windows e.g. from morning until the sunset time. Due to 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. Participants reported that more
cooking practices occur in order to feel warm, as referred by the interviewees:

‘There are inexpensive things we do to feel warm, such as drinking warm drinks and
cooking, eating traditional warm food [..]’. P17

‘[..] We rely on cooking, eating warm food and/or drinking warm drinks’. PO5

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 participants reported that the use of dishwasher is performed many
times a day such as e.g. PO1, 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 explanations 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 is used when expecting
guests, otherwise the system there is turned off. The variations of the indoor relative
humidity here can be explained by the inverse relationship between the temperature
and the humidity. Also, due to the ventilation practices of opening windows continually
in winter may have the contribution of causing high humidity levels (Figure 5-6: chapter

a).

In term of the main bedroom, the indoor variations of relative humidity are found in all
seasons. The 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
system ventilation and it is found that the RH levels fall between 40% and 60% in
transition period and summer period (Figure 5-7: 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 seasons 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 reported (Figure 5-7: chapter
4). Some participants mentioned that they turn on their heating system for only 1-2
hours before they go to bed and then switch it off. Therefore, the high recorded
humidity levels could be due to the practice of opening the main bedroom’s window,
showering and/or cleaning practices. According to the participants, it was found that
even when the extractor fan was turned on after taking a shower, leaving the door of
the bathroom open for ventilation. This practice can be attributed to the fact that the

moisture can get trapped in the air and find 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 2 in P01, 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
levels of relative humidity that were observed in these participants’ bedrooms 2 in all
seasons (Figure 5-8: 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 windows during the cleaning time in all seasons may
contributed in the high RH level (Figure 5-8: chapter 4). Since the case study (Jubail
industrial city) is located on the Arabian Gulf coast of Saudi Arabia and it is classified
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 household 5 is 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 performed 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 and cleaning bathroom (this room has its
own). This may contribute to the observed variation in the indoor relative humidity

especially in winter, the RH exceeded 60% (Figure 5-8: chapter 4).
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7.4 Energy consumption

This section will demonstrate and explain the energy consumption linking it with
the inhabitants’ practices, their environmental control usability experiences and the
indoor environment. There were some challenges in obtaining all the data on energy

consumption, thus not all information on energy consumption was available.

it is reported that the Saudi studies (involved in the literature review chapter) and the
Saudi Energy Efficiency Centre (SEEC, 2019) mentioned 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 glazing. Furthermore, 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 demonstrated variations 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 domestic buildings or the Gulf Cooperation Council (GCC)
countries in KWh/m?e.g. what is defined as low based on the climate condition, culture
and inhabitants needs, as a target to be achieved. While, internationally it can be found
established definition for low energy houses e.g. passive housing the annual energy
consumption is lower than 120 kWh/m?. The findings of this study will be compared to
extract the possible explanations for the observed variations in energy consumption.
This will then be compared with the existing international sustainable definitions on low
energy homes e.g. passive house standard in Germany, low energy house standard 2020

and 2025 in the UK.

Figure 7-3 illustrates that the residential electricity consumption in the Saudi Arabia
depends heavily on seasonal and daily temperature profiles (Almushaikah and Almasri,

2021). The higher the temperature the higher electricity consumption will be.

165



30 OO0 A

20.000.00

15.000 00

Electricity Consumption, GWh

10.000 .0/

5.000 .00

Fet Mar ADT May Jn Jul Aug Sep Oct Novy Dec

Average Temperature, °C

Figure 7-3 Total monthly electricity consumption in Saudi and average temperature throughout 2014 (Almushaikah and

Almasri, 2021).

Surprisingly, although P16 the only person who uses the home, it is found that his energy
consumption is similar to other households (82KWh/m?) e.g. P01 (81KWh/m?). The
consumption of P16 can be explained by the use of AC system at lower indoor
temperature than what is stated by ASHRAE 20°C during sleeping 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 that he uses 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 household size is 6, it is
reported that they use three bedrooms out of four in the first floor, meaning cooling
will be supplied to even unused bedroom at temperature 25.5°C-23°C. It is found that
the cooling of the theses spaces is not only performing during night time 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. This household 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 the energy consumption 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 in the new 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 contributed to the observed consumption.

The lowest annual energy consumption was found in household 13 at 72KWh/m? (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 were used to
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 is on when
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 living rooms 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 consumption being lower
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 indoor spaces in 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 homes orientations in both households have the same
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e.g. east, have different annual energy consumption e.g. PO1 (81KWh/m?) and P08
(73KWh/m?). The observed annual energy variations for both households can be
interpreted by the setting temperatures of their system. For 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 winter, participant 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
bedroom and one in their daughter’s room, and both households operate it before bed
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 referred by the interviewee:

‘I..] Now my kids are not young anymore so they also participating on using and

adjusting the system sometimes. So, anytime they feel discomfortable instead of
informing me or their mom, they just do it by themselves’. P01

Household 11 have the highest annual energy consumption among all studied
households at 93KWh/m?. 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 sleeping and 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 first floor spaces are all cooled because it has HVAC unit on. It is referred
by the same participant that this technique of using one HVAC unit in the first floor is

not helpful in term of reducing their energy:

‘[..] The first floor has one control unit that controls the whole floor, so it became very
difficult to reduce energy and bills. If one member of the family is sleeping on first floor
and others are in the ground-floor living room, | end up putting the system on for both
floors! I think the electricity bill will be less if every two bedrooms had one control unit’.
P11
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Also, another reason that may contributed to the high energy that this participant has
built additional place ‘khimah’ located outside the house for receiving male guests and
supply it with AC split (Figure 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°C -23°C (within the suggested winter indoor temperature by ASHRAE)
in first floor, this may explain the high energy consumption compere to other
households’ consumption. For their ground floor spaces, they depend on wearing extra
layers and it is reported that because the kitchen is open to the living room it provides

some heating especially during cooking time.

Figure 7-4 Example of 'Khimah' for welcoming male guests

Another household who is using their 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 one for 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 ACin the

ground floor is on during the cooking time, and when they travel they leave their system

169



in the ground floor at 28°C because they don’t want their stored food to be damaged by
the heat. This might explain their annual energy consumption 87ZKWh/m?. household 4
is one of participant that using 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 stay in 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 the lowest annual energy consumption among the households who use
the system manually. PO4 annual energy consumption 74KWh/m? is surprisingly similar
to P08 (73 KWh/m?) who use the smart system. It can be understood from the annual
energy consumption of PO8 and 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 on and planting 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 house instead. 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:

‘[..] The whole family trained to close any electrical equipment they don’t need in order
to save money’. P04

This participant with his technical knowledge of separating the AC system in the first
floor will help reducing energy:

‘In the future, | will change the system on the first floor to split AC units so | can control

it depending on my needs and save money. | think the energy consumption will be
reduced because the house construction is good’. P04

Although P11, P17 and P04 have the same home orientation facing north and using their
system manually, it is noticed variation 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,
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interviewees referred that they are not strong 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 mentioned 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 comparison between the actual annual consumption and after retrofitting. It
is found that from the study that the conventional houses real annual consumptions
were from 165.2 KWh/m?, 115.2 KWh/m? and 110.3KWh/m?2. The actual average
electricity consumption for conventional houses was 156.5kWh/m?, the conventional
house was built with single glazing windows and no thermal insulation (Alrashed and

Asif, 2014).

Aldossary et al study suggested that retrofitting the houses by involving thermal
insulation, installing shading 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/m?. 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 consumption 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 (GCC) countries, making it
impossible to evaluate the outcomes of this study. Therefore, the present study findings
of energy consumption in KWh/m? will be compared with the international low energy
standards. It can be seen from Figure 7-5 that RC homes achieved lower annual energy
consumption than the passive house standard in Germany, low energy house standard

2020 in the UK and Low Energy house standard in Czech Republic.
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Figure 7-5 Energy Consumption in kWh /m? with International Standards

7.5 Key Findings

The improved technology (building envelope) of these studied homes has shown
clearly how the energy consumption was reduced comparing with the average Saudi
conventional 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 findings the conducted study explain the variations that contributed to effect on
the energy consumption such as building orientation (absence of external shading in
heat gain orientations), home design (kitchen being open plan area to living room). In
addition, the external weather (e.g. ventilation by opening windows) and inhabitants’

everyday practices (how they use their homes and its systems).

The indoor environments affected by the external weather during measured seasons
e.g. transition, summer, and winter. Low 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 relative humidity levels were observed in all rooms across all
monitored homes. The cross-case findings are following the same pattern e.g. it is found

that more humid indoor environment in the winter than the summer (dry environment).

The architectural design (e.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 environments when the cooking occurs. The data show that inhabitants’
ventilation practice e.g. opening the kitchen window during cooking was common
practice across all studied homes even 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 the ventilation system not strong enough as referred by
the participants. Furthermore, emphasizing the need for testing the system
performance before the inhabitation stage. Studies of Foulds (2013) Kermeci (2018)
show a mirror practice of opening windows for ventilation found in cold countries

resulted in increasing the heating demand.

The occupancy in the measured four rooms was differ among the participants. For
instance, all the participants reported that the system unit in the guest room is closed
whether they are home or not and it is occupied when having guests only. The rooms
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 place. Because there is one
HVAC unit control the kitchen and living room. It is found that both rooms (main
bedroom and living room) have low to medium variations with exception of household
15. Whereas, the bedroom?2 have the highest indoor environment variations due to the

purpose use of this room.

The success or failure of domestic technologies depends fundamentally on how they are
used by residents (Hargreaves et al, 2018). The interpretations highlighted that the
absence of formal knowledge (home induction), mutual conversations between the
households and the developer, and the presented amount, level and language (e.g.
English for non-English audience) of information in the home user guide affected the
inhabitants’ practices of using their systems. A study by Palmer et al (2016) on several
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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Participants’ interactions toward their home energy were related to the level of
competences they have due to their level of education. For example, engineer
participants use their system through e.g. scheduling and smart thermostat (retrofitted

their systems), whereas others (who are not engineers) use their system manually.

It is observed that although the energy consumption was reduced in the studied homes,
the data noticeably varies between the homogeneous studied homes in some cases
even between the same households’ size, the home orientations and the way they use
their systems (smart, scheduling and manual). 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 same family size 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, household 13 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 residents’ practices. There are some
studies e.g. (Aune, 2007; Ellsworth-Krebs, Reid, & Hunter, 2015; Rinkinen & Jalas, 2017;
Madsen, 2018) discuss how changes in technologies influence on residents’ comfort

practices.

The coefficient variation of the annual energy consumption between the identical
homes is 15% and the differences in energy (between the highest and the lowest
consumers) found of a factor of 21 KWh/m?2. This implies that the interpretations of
this study provide the support to claim the importance role of inhabitants’ practices in
the variability of energy consumption and this was explored by the use of practice

theory, that could not be explained by the material differences solely.

The findings demonstrated that participants’ practices affected more by the technology
and institutional knowledge and rules elements. For instance, the implementation of
one HVAC unit that support the whole first floor spaces. Resulted in the use of the upper
bedrooms as daily family seating area, some build another additional rooms to suit their
needs related to the system. Others, using indoor specific spaces seasonally and one use

174



the bedroom2 (has separated AC unit) in second floor increased when one member of
the family being the only one who is using the home. Even 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 Chapter Summary

The discussion chapter has explained the variations observed in the consumption
between the studied identical homes, and explained the possible influences of social
practices based on the four element of practice theory (technology, engagement,
institutionalised knowledge and rules, know-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 weather (e.g. ventilation by opening windows)
and inhabitants’ everyday practices (how they use their homes and its systems). The
chapter explains the inhabitants’ practices contributed in the energy variations
especially between not only identical homes but in some cases between the same
household size, level of education and home orientation. The inhabitant practices were
investigated through the use of practice theory that offered a deep understanding of
the residents’ practices that could explain the observed variations and potentially

consider in domestic policy for improving current and future residential buildings.

175



Chapter 8: Research Conclusion
8.1 Introduction

The increased concerns about the high energy demand in Saudi domestic buildings
has led to this research. The review of literature shows that a number of Saudi energy
studies have advanced understanding of domestic energy use but that they have
concentrated on the technical elements of the building, such as the fabric performance,
thermal insulation, and the integration of renewable energy sources. Moreover, these
studies relied heavily on predicted energy consumption. This thesis was undertaken to
address the gap identified in relation to the problem definition that there is a lack of
knowledge on what underlies the causes of the energy demand in Saudi residential
sector e.g. variations 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 growing range of literature from different
geographical locations (e.g. Strengers, 2010; Gram-Hanssen, 2011; Strengers and
Maller, 2011; Foulds, 2013; Madsen, 2018; Larsen and Gram-Hanssen, 2020) using social
practice theory and producing insights of inhabitants everyday practices and their
consequences for the domestic indoor environment and energy. The present study
made a contribution to knowledge of understanding the households’ energy demand in
Saudi Arabia, as a new cultural geographical context, by investigating the inhabitants’
practices and the actual building performance (indoor environment and energy use).
The main theoretical contribution in this study is developing detailed understanding of
the ways in which inhabitants’ practices relate with energy demand in Saudi homes, and
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. It is found a number of domestic energy
studies use indoor environmental monitoring within practice theory oriented research
(e.g. Foulds et al, 2013; Gram-Hanssen, 2014; Kermeci, 2018). In this study, the indoor
monitoring method contributed to explaining how social practices related to indoor

environment.
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The findings from this research highlight that understanding the inhabitants’ practices
helps identifying some issues, across issues of technology, engagement,
institutionalised knowledge and rules which need to be deemed important for
improving future and/or current housing developments in the same or similar climatic
regions of the kingdom. The insights drawn from this study about the inhabitants’
practices and their influence on energy need to be considered as ‘designed for’, rather

than ‘designed out’, by housing professionals (Cherry et al, 2017).

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 research are
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 policy. The 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. ldentify 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

8.2.1 Research objectives 1 & 2

Identify how much energy has been consumed in a selection of requlated 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 (indoor environment and energy use) in Saudi
homes. The research assesses real thermal comfort conditions, including air
temperature and relative humidity, alongside energy consumption, to achieve the
stated research objectives (Chapter 5). Energy consumption data were gathered by
collecting and analysing the actual annual energy usage (KWh/m?2). Additionally, the
thermal conditions of twelve dwellings were monitored over an eight-month period to
capture seasonal variations. Each dwelling was equipped with four monitors deployed

in different rooms to account for all orientations.

Previous Saudi existed studies (section 2.4) such as (Aldossary, 2015) focuses on
enhancing the technological aspect of the residential buildings 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 range between 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 consumption in the 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 insulations). 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

questionnaire results show that around 50% and 60% 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 RC homes were noticed.

The monitoring data (Chapter 5) indicates that 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 temperatures during 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 main bedroom.
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 electricity consumption (Figure 7-3, Chapter 7). Regarding relative humidity
(RH) levels, data 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 the influence of

residents' practices, such as the use of humidifiers and ventilation practices.

The findings of this study reveal that the energy consumption in Saudi-regulated homes
was below 100 kWh/m?, significantly lower than the average electricity consumption for
conventional Saudi houses, which is 156.5 kWh/m? (Alrashed and Asif, 2014). When
compared to international benchmarks, such as the German passive house standard
(120 kWh/m?) and the UK's 2020 low-energy homes standard (105 kWh/m?), the energy
consumption in this study also remains 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
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were noted among participants. These 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 heat-gain facades), home design (e.g., open-plan kitchen and
living areas), external weather conditions (e.g., ventilation through window openings),

and residents' daily practices (e.g., how they interact with the home and its systems).

Even in the other contexts e.g. United States of America and Denmark, some studies
such as Sonderegger (1978), Hackett & Lutzenhiser (1991) and Gram-Hanssen (2010)
have shown variations although they use homogeneous samples. The study of
Sonderegger (1978, p.313) concluded that ‘the resident rather than the structure
creates most of the observed variation in consumption’. Emphasising the observed
variability in energy consumption among participants in the present study, cannot be
solely explained by material differences, the following objectives provide deeper

understanding in which inhabitant practices relate with energy demand in Saudi homes.

8.2.2 Research objective 3

Understand the usability of environmental control interfaces in Saudi homes.

The theoretical contribution of studying the technology element (e.g. home system,
home design and controls) and the Institutional knowledge and rules element (e.g.
home induction and home user guide) have helped to achieve the present study
objective 3. Furthermore, these elements have helped to reveal some issues that have

an effect on the use of home system.

For instance, the data indicate that the lack of home induction has resulted in the
improper use of the ventilation system and scheduling issues. 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 manually operate
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 part of the
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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 neighbourhood social groups, and utilizing resources like YouTube and company

websites.

The success or failure of domestic technologies depends fundamentally on how they are
used by residents (Hargreaves et al, 2018). The data indicate that participants'
educational background, particularly in fields like engineering, influenced their use of
home systems. For example, some participants 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 present in the home, whereas the
Ecobee’s motion sensors assist by sending reminders through an app to turn off the
system, thereby reducing energy consumption. Additionally, some engineers took
advantage of the system's scheduling features, allowing them to regulate the indoor
environment automatically. In contrast, non-engineer 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 environment, such as optimizing
daylight use and adjusting their use of internal spaces seasonally. Furthermore, 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 consumption. 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 participants e.g. relied on their prior
heating experiences by using additional electric radiators rather than utilizing the
provided heating system. As technologies will not always be understood and used as
designed (Larsen and Gram-Hanssen, 2020). The data from the present study revealed

that 42% of participants indicated that the HVAC controls were not user-friendly, and
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50% reported that the controls were inadequately labelled. Additionally, approximately
25% of participants assessed that the HVAC controls did not allow for sufficient
adjustments. Interview data further indicated that these participants had retrofitted
their system’s thermostats as a result. Moreover, around 42% of participants expressed

uncertainty about whether they should interact with the HVAC controls or not.

8.2.3 Research objective 4

Understand and explain the influences of inhabitant everyday practices on energy
demand and the indoor thermal environment.

To understand the variability shown in energy consumption, chapter 6 focused on the
details of inhabitants practices and their influence on the energy demand. The present
study addressed research aim and the gap that is found in the previous studies and it
made contribution of investigating the households’ practices in Saudi Arabia, as a new
cultural and geographical context. The theoretical contribution of investigating e.g. the
engagement and routines elements, helped to understand and explain the participants’
practices that are performed in a certain way, in which may have an effect on the energy

demand and thermal 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 conditioning, but

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 backgrounds—engineers and non-engineers—which
influenced their home 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 family employed external shading screens on windows in regularly used rooms to
minimize heat gain, further decreasing the need for air conditioning operation. One
family noted that instead of adjusting the temperature or turning the system on or off,
which could disrupt the thermal 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 ground-floor dining room and kitchen
simultaneously, they would operate 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 share 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 leather sofas, 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 noted as energy-saving strategies.

All participants tended to avoid using ground-floor spaces, particularly guest rooms,
unless hosting visitors, leading to the air conditioning systems in those areas being
turned off. Some households practiced turning off the HVAC 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 temperature upon return.

Other practices that may have contributed to the variations observed in the indoor
environment and the energy consumption is that opening kitchen” window in extreme
summer. This negative practice allows 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 involved in this 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 faster ventilation. 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 open-plan 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 their 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 opened their windows from morning until sunset during winter, while others
left their windows open for several nights. Additionally, the use of dark-colored blackout
curtains, tinted films, and other window coverings—particularly 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 did laundry once 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 activated during gatherings, 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 on the outcomes of this research.

8.3 Research contributions

This study has made a contribution to knowledge expanding the literature on
understanding the households’ energy demand in Saudi Arabia, as a new cultural
context, by investigating the households’ practices and the actual building performance
(indoor environment and energy use) in this research, that could help to address the

gap in the existing Saudi knowledge. This approach has not been undertaken to date in
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Saudi context, according to existing 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 approach was used to explore the social and technical contexts of Saudi
homes. The Usage of the practice theory helped to understand and explore the possible

influence of households’ practices on energy demand.

8.4 Further research

The research has focused on investigating the inhabitants’ practices and impact
on energy consumption in the domestic domain. This research has suggested further
studies that can be undertaken in relation to inhabitants’ practices and energy

consumption, such as:

e Investigating the energy consumption in domestic buildings through co-
design approach. It is possible that homes will not perform as expected, both
in terms of their energy and carbon (O'Sullivan et al, 2022). Engaging
participants when designing domestic technologies e.g. smart technologies
because ‘Competences are though not static and with the integration of
smart home technology in the domestic sphere, space heating practices
change’ (Larsen and Gram-Hanssen, 2020.p18). Exploring the effect of their
engagements on the energy demand and developing methods for the
participatory research that can be used for other future Saudi energy studies
or housing developers. Engaging residents may reveal the gap of causes the
high residential energy consumption in Saudi Arabia. It is highlighted by the
study of (Shirani et al, 2022.p7) ‘assumptions by professionals that
consumers are passive, indifferent and disengaged may mask issues with the
usability of technology’.

e Investigating the barriers to involving the post-occupancy evaluation
approach to be conducted in the housing practices.

e Studying the intervention of Photovoltaics solar panels in the Royal

Commission housings by the use of software simulation and what could be
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the barriers that prevent this from the housing practices perceptive.
Interviewing the inhabitants on how are willing to implement this in their
houses and professionals’ considerations and opinions of involving this
practice for achieving energy conservation.

e Studying various external shading techniques to cope with climate change
e.g. Roshan design (section 2.3) and its effect on reducing the domestic

energy demand, to avoid excessive heat and 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
gualitative research to have a limited sample size, which means that caution must be
taken when drawing conclusions from the results. The use of a case-study design frame
(see methodology chapter at section 4.2) 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.
Also, another difficulty faced during the research was gaining access to participants’
utility bills so it had to present a number of bills (eight) instead of 12. Although the
findings cannot be generalised to the entire population, they are nevertheless indicative
and reveal knowledge that has wider significance across the field of the research
(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 to construct
domestic buildings in ‘Ras Al-Khair’ and ‘Jazan’ industrial cities in the future, for which
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). In terms of the
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methodology, in the second year when the data should be collected, the COVID-19
appeared and restricted some of the post-occupancy evaluation (POE) methods such as
the use of thermal camera to identify any heat loss and gain. The use of this tool
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 shortage of
HOBO sensors (provided by the university), the researcher had to source alternative
monitoring sensors e.g. the use of smart sensors, and therefore a pilot study was
conducted to calibrate the environmental monitoring sensors (original and new) and
test them in use before sending them 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
published by the RC developer, it was required to remove the respondents’ details from
the questionnaire to ensure confidentiality. As a result, this hindered the researcher

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 energy demand and reduce the impact of climate change.

8.6 Recommendations

8.6.1 Royal commission (RC)

e Improve the Handover and induction stage not only ‘handing the home key’
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 ventilation during summer or
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winter and its consequences such as health issue related to high or low
indoor relative humidity level.

Provide simple and translated home user guide to help the inhabitants
understand it in order to use their home systems in a way that it should be
to reduce their energy consumption.

Separate the HVAC units on the first floor may help the inhabitants to lower
their energy consumption as they will use the system according to the use
of the space.

Provide external shading on the heat gain orientations such as west, east,
and south as this will help avoid the issue of overheating.

Develop a clear and user-friendly system thermostat with not only showing
the air temperature but also the indoor relative humidity level, which will
increase the inhabitants’ awareness and prevent negative practices such as
the use of humidifiers in indoor environments that already have high levels
of relative humidity.

Utilise renewable energy for supplying electricity for homes, taking
advantage of the 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/m? (Alawaji, 2001: Aldossary 2013).

8.6.2 Policy makers

This section describes beneficial recommendations from the outcomes of this

study for different beneficiaries in the kingdom such as a National Energy Efficiency

Program (NEEP). This organization was founded to discuss energy demand issues by

developing various energy efficiency and conservation measures that target e.g.

residential buildings. In addition, the recommendation for the housing developers in the

kingdom public or/and private entities. Finally, the recommendation can be beneficial

for the research organizations such as King Abdullah University of Science and
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Technology (KAUST) and King Abdullah Petroleum Studies and Research Centre

(KAPSARC). The recommendation as following:

e Establish a sustainable clear definition for the total energy consumption
in kWh/m? as low or very low for housing based on the local climate
conditions and culture, and incentive housing developers to meet this
target.

e Incentive housing developers to involve post-occupancy evaluation (POE)
as one of the stages of the housing life cycle, as it will feed the next new
or/ retrofit developments.

e Incentive housing developers to engage the residents in the design stage
in order to meet their needs, educate and enhance their knowledge on
energy efficiency, and how this can be beneficial for reducing their future
energy demand and reducing the impact of climate change.

e Incentive research organizations undertaking POE studies that may
contribute in increasing public awareness related to energy in order to

enhance their knowledge of energy use and efficiency.

8.7 Insights from inhabitants’ practices for domestic Policy

This section was provided to present some lessons learnt from social practices in
this thesis to be adopted in domestic policy. Focusing on the four elements of practice
building on Gram Hanssen’s elements (2010) (technology, engagement,
institutionalised knowledge and rules, know-how and embodied habits) can be targeted
as they could enable or constrain performing practices. The following sections are
addressing each elements of practice theory providing some examples on the area that

can be focus on.

8.7.1 Technology element

This thesis found that the new provision of technologies (e.g. building

envelope and HVAC system) in residential buildings hinders or facilitates performing
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practices relevant to energy demand. The improvements made in the RC buildings’
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 period of time (even after the system turns off),
and to unify the indoor temperature in each space of the homes due to the distribution
of the system vents, unlike the AC window units. Privacy is a main factor that is
considered when designing domestic buildings in Saudi (Othman at el, 2015; AlKhateeb
and Peterson, 2021). The studied homes showed various considerations for privacy,
such as visual privacy achieved through the use of reflective 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 design—specifically the open-plan 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. As 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 practices 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.

Designing could encourage ‘what is acceptable, desirable and comfortable, while
counteracting what is strenuous and forbidden’ (Jelsma, 2003, p. 107). For example,
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 in the indoor environment and
enhance the olfactory privacy. In terms of the daylight, implementing e.g. shading
devices (e.g. side fins or overhang) on windows especially on heat gains orientations.
Learning lessons from the vernacular architecture e.g. applying ‘Roshan’ technique
(figure 2.5: chapter 2). These, support the use of daylight and could help to reduce the

energy demand, enhance privacy and inhabitants’ health.
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Technologies could be designed to explicitly link to practices. The number of HVAC units
implemented in the RC homes, found not sufficient especially 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 conventional house
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.

The thesis results show that the 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 interactions 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 buildings 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 the same as the old technology (AC window unit). Also, it was found
through the participants’ practices that the system ventilation has not been used as
intended. This emphasises for engineers and developers to the urgent need for
simplifications in designing domestic control interfaces. Designing technologies in
terms of how they are used and experienced could help to minimise the inhabitants’
confusion. The thesis show how the HVAC system controls appeared to be insufficiently
labelled from the user perspective. Scripting technologies (Jelsma, 2003) in the context
of social practices and relate it to energy saving, especially when the new technology is
unfamiliar. Scripts ‘are the structural features of artefacts encouraging certain user
actions while counteracting others’ (Jelsma, 2003. p106). For example, the HVAC
thermostat settings could be labelled as numbers and each of the numbers has a script,
to suit inhabitants’ actual day activities according to the season- (e.g. ‘1’ as ‘home/
daytime’; ‘2’ as ‘night-time’; ‘3’ as ‘not at home’; ‘4’ as ‘hosting guests’ and ‘5’ as ‘boost
for cooking/showering’). Adding to that, the scripting can also involve e.g. the

recommended indoor temperatures (23°C - 26°C) during the mode ‘1’ and ‘2’, and
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scripting that lowering the temperature than 23°C will 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 energy-saving perspective. Energy
savings can be realized even with a slight increase in thermostat 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 original system thermostat with smart seeking for flexibility and comfort. Therefore,
it might be flexible and comfortable to enable the thermostat to be controlled remotely

with consideration of scripted modes.

8.7.2 Institutional knowledge and rules

The thesis shows that the almost non-existent relationship (e.g. formal
verbal knowledge) between those receiving and those providing information influences
the participants’ practices related to their homes and its systems. For example, the
main cooling 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. It is
appeared that the institution was content with written information as a communication
method. Handing in a high amount of driven written information hindered the use of
the home user guide. Thisimplies 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.

Itis found that the language used of the written information was in English not in Arabic.
In addition, the institutional jargon being used to the target audience (households), it
might be understandable from the institutions but seemed to be ambiguous and easily
to be misunderstood by those who it is actually for. The participants' levels of education
varied significantly, influencing how they interacted with their homes and their systems.
For instance, participants with engineering backgrounds utilized their 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, non-engineers exhibited a more manual
approach to operating their systems, which was shaped by their educational

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 inhabitants to engage with. However, it is found that the 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 electrical details (figure 6-8: chapter 6) contributed to disengagement.
Another finding that the home user guide was not paying attention to how inhabitants
use their home. For instance, instructions on how to ventilate their home whether by
using the ventilation system or using the windows (e.g. when, how long and the
consequences for 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 cleaning) 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 accommodate varying levels of technical

knowledge, including translated instructions for non-English audience.

The first guide could focus on cooling, heating, and ventilation systems, detailing how
to operate these systems and optimize the use of additional resources, 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, establishing 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 systems, ultimately

leading to improved energy efficiency and user satisfaction.
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In addition, doses of information about the home, its technologies and indoor
environment through external training sessions (e.g. held in the local community) this
similarly is provided for passive house residents in the UK (Kermeci, 2018). Also,
institutional short videos on guiding the inhabitants and make these videos available on
the institution website, this could help delivering understandable and effective formal

knowledge on the home and its system (Menon and Foster, 2017).

8.7.3 Engagement element

The thesis shows that the financial concern of the electricity bills, has driven
participants to perform certain practices. For 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 to let 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 layers, having 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 referred by several interviewees.

Although the present thesis does not specifically address the socio-economic status of
the participants, it highlights a potential issue for low-income households across the
kingdom, who may be unable to afford energy-efficient appliances. Government
economic incentives could play a crucial role in supporting these households, helping
them transition to lower energy consumption. A study of Ouda et al (2017) highlight
high percentages of inefficient energy of households’ appliances that are used such as
refrigerator 53%, oven 72.7%, washing machine 68.2%, dryer 76.3% and dishwasher
81.8%. Saudi homes still relaying on the use of AC window units and are still available
on market due to its effective cost (Krarti and Howarth, 2020). In general, by doing this
(sovernment economic incentives), may contribute to increase the inhabitants’
awareness of the importance 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 campaigns (at work, schools, universities, 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 considered
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 appliances in unoccupied spaces (e.g. lights, TVs and computers etc.) had a
relatively minimal impact on 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 a percentage of households across the kingdom. However, considering
this through the social marketing campaigns by focusing on the ‘meanings’ behind

turning off appliances that are not needed can help in reducing inhabitants’ energy.

Another important aspect to consider is the provision of smart meters, existed in some
UK homes, for residents. Smart meters could assist inhabitants in identifying the energy
consumption associated with their daily practices, while also increasing their overall
energy awareness. The energy supplier could optimise the knowledge on energy
consumption by informing the household/consumer with detailed energy information
about e.g. the consumption of this month is low or is high and encourage inhabitants to
reduce it. Also, how much energy goes where in the home by categorising the
consumption. Provide energy advice to households in order to enhance their

knowledge of energy use and efficiency.

A study of Aldubyan and Krarti (2022) showing that 11.2% of the annual household’s
energy consumption goes for lighting. It is found that the types of lighting were the
incandescent and the fluorescent lamps, that are the most commonly used lighting
fixtures in Saudi residential buildings (ibid). This thesis illustrates that majority of
Interviewees reported that they have replaced their lighting system (e.g. fluorescent
lights) and instead used 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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8.7.4 Know-how and embodied habits

The thesis reveals that participants’ everyday routines vary significantly;
some households maintain fixed 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 result, participants reported implementing new split air
conditioning units to manually adjust their usage according to their routines. Also, 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 found that 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 as daily family seating area. Moreover, others 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 households especially with unfixed routines e.g.
due to their working nature (shifts) have limited time to read and understand this in
order to know how to use their homes’ system. This show how the know-how and
embodied element connected to the technology, institutional 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 know-how and embodied element is need to be considered
when designing technology and providing the institutional knowledge. Designing or
implementing efficient home systems that support households’ routines e.g. separating
system units may help to reduce the energy demand. The thesis shows that how
participants learned experiences from informal knowledge in order to use their 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, this study has contributed to international practice theory research on 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 Saudi domestic 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 gap in the existing
knowledge of understanding the households’ energy demand in Saudi Arabia by

investigating the inhabitants’ practices and the actual building performance (indoor

environment and energy use).
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Appendices

Appendix 1- Research Project Information and Methods
Guide

Inhabitants’ Practices and the Impact on Energy Demand in Saudi’s
Low Carbon Dwellings

‘Research Project Information and Methods Guide'
Dear Jalmudah Resident,

If you would like to take part in this study, please sign the consent form that 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 will involve. Please take time to read the following information carefully.
Please ask me if there is anything that is not clear or if you would like more information the
contact details are provided at the end.

Who | am?

| am a PhD student at the University of Sheffield. | am doing research on housing performance
in Jubail industrial city (JIC). | have chosen Al-Jalmudah district to be my case study.

What is the purpose of this project?

To evaluate and monitor the physical performance of your home. In addition, | will 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 to assess if the real performance of the occupied home
meets the design targets. This measurement data will be compared with your thoughts about
using your home, using a home walkthrough, two questionnaires and an interview. This
information will help the Royal 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 project?

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 a Webinar 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. when you discuss technical problems and share your experience on solving a
particular issues with others.

How long will the monitoring last?
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| 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-19 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 that it is working 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 and humidity 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 before installing 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 in the rooms. 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 location will be discussed with the residents of the selected homes.

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 should not 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 place 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 like to do 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 anonymised to de-identify you and
your home. | may seek your 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 carried out, and will take approximately 30 minutes to be completed.
Towards the end of the project, you will also 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 send the 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.

What 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
questionnaires, interview, home walkthrough and downloading the data. There are no risks to
you or your 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 your help 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.
Itis a signing sheet for all information that is collected about 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 publications or anything
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 phone or email, given below.

Thanks for your collaboration,

Rawdah Alzahrani student at Sheffield School of Architecture, The University of Sheffield,

Mobile : +44XXXXXXXXXX [ +9BEXXXXXXXXXX

E mail: ralzahranil@sheffield.ac.uk

Appendix 2- Consent Form

Title: Inhabitants’ Practices and the Impact on Energy Demand in Saudi’
Carbon Dwellings

Consent Form
Contact for further information
Rawdah Alzahrani student at Sheffield School of Architecture, The University of Sheffield,
Mobile : +44xxXXXXXXXXX [ +IBEXXXXXXXXXX

E mail: ralzahranil@sheffield.ac.uk

Low

Please tick the appropriate boxes

Yes

Taking Part in the Project

I have read and understood the project information sheet dated 15/12/2021 or the project has been fully
explained to me. (If you will answer No to this question please do not proceed with this consent form
until you are fully aware of what your participation in the project will mean.)

I 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 include completing
two questionnaires, being interviewed, being recorded (audio), home walkthrough and environmental
monitoring.

| understand that by choosing to participate as a volunteer in this research, this does not create a legally
binding agreement nor is it intended to create an employment relationship with the University of
Sheffield.

O O o

O 0O60 O
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| understand that my taking part is voluntary and that | can withdraw from the study at any time before
installing and starting to monitor your home indoor environment; | do not have to give any reasons for
why | no longer want to take part and there will be no adverse consequences if | choose to withdraw.

]
]

How my information will be used during and after the project

| understand my personal details such as name, phone number, address and email address or anything
identifying you will not be revealed to people outside the project.

I understand and agree that my words may be quoted in publications, reports, web pages, and other
research outputs.

I understand and agree that other authorised researchers will have access to this data only if they agree
to preserve the confidentiality of the information as requested in this form.

| understand and agree that other authorised researchers may use my anonymised data in publications,
reports, web pages, and other research outputs, only if they agree to preserve the confidentiality of the
information as requested in this form.

| give permission for the anonymised data that | provide to be deposited in [ORDA] so 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 University
of Sheffield.

]
]

Name of Researcher [printed] Signature Date
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Appendix 3- Sensors Monitoring Guidance

The following documents, written in Arabic, were sent to the participants
along with the smart sensor kits.
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ionnaire

ix 4- Usability Quest

Append

Usability Tool — Domestic Controls

This survey is being conducted to help
with future planning and design of
domestic controls. The information
collected will be treated as completely
confidential. Survey reports will only
use summaries of information and not
reveal the identities of individuals.

Background

What is your age?

... and your sex?

Participant code? please write the written code on the
monitoring sensor that you have

Are you normally at home...
Are you in a...

How would you rate your skills in use of
technical devices?

Do you have home user’s guide?

If yes, how would you rate its usability for...

Did you have home handover
demonstration tour?

If yes, how would you rate its effectiveness
in preparing you for...

Do you have any special circumstances
that make your ability to operate domestic
controls different from the average per-
son? Please describe any particular con-
straint or advantage.

Please fill in as many questions as you can. Write
any further comments in the spaces provided or
on a separate sheet. Thank you for your help.

Queries: If you have any queries please contact
Rawdah Alzahrani

Email:  ralzahranil@sheffield.ac.uk

Who should fill this in? Anyone over the age of 18 who
lives in the residence. This will normally be the person in
the household mainly involved with the controls.

Please tick boxes where appropriate and fill in additional
comments and information in the fields provided

_H_:.am. 30 ch -50 _uﬂ -70 _u Over 70
D Female D Male

Most of the i Weekends .
time D Evenings only D Other: _

Semi-
Detached .
(JRsia fetached [ Jriat ] other [

= (J000000

D,am G No D_ don't know

operating your home? MM% DD DD _UD D Mmum
securing maintenance?  YeoY D. DD DD D very
D,_.nm D No D_ don't know

operating your home? Ve DD DD GD D yer
securing maintenance? eIy .D DD DD D ery

<
(=)}
=
e
]
L0
=

controls

Renewable

Electricity
& lighting

& Mainten-
ance

hot water
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Hot water & Additional devices

¢ Overall, how Very poor Very good

would you rate Tick to indicate your rating.
For additional comments please use the

controls for: Hot water D - D D D G D comments section at the bottom of page

* Are you aware of the

—
py
2w
e
©
o o
£ e

maintenance procedure? e ([J1dontrnow [Jno
Have you made any changes in your home?
Boiler Shower & il .
control bath controls r
€z tz Additional cooling devices
w OO0 w 89 4
g °c 2 ¢3¢ 2

Additional heating devices
Is it clear what this control does?

Does its location help use it when
needed?

Is it easy to see how how to use
this control?

Is it easy to operate this control?
Is it sufficiently labelled?

Additional ventilation devices

Additional humidifier devices

O 0000

Additional air purifier devices

Does it show response to your
actions?

Does it allow making sufficient
adjustments?

Why you have made changes?

Is it obvious if you should interact
with it?

« Comments on hot water:
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HVAC control

* Overall, how would you
rate controls for HVAC?

* Are you aware of the
maintenance procedure?

*« How would you rate ease
of maintenance for:

Is it clear what this control does?

Does its location help use it when
needed?

Is it easy to see how how to use
this control?

Is it easy to operate this control?
Is it sufficiently labelled?

Does it show response to your
actions?

Does it allow making sufficient
adjustments?

Is it obvious if you should interact
with it?

* Comments on HVAC :

HVAC- Heating, Ventilation and air
Conditioning

Very poor Very good Tick to indicate your rating.

D D —H_ D D D D For additional comments please use the
comments section at the bottom of page
D<mm D | don't know D No

Very poor Very good

HVAC filters OO000O00O0O
Cooker hood filter D.DDDDD

HVAC unit
control
panel

| don't
know

No

v
=

L
o
—
~
=
o
v
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Renewable energy controls

* Which systems is your Solar thermal (houses) Photovoltaic None of the listed
home equipped with? _U

Tick where appropriate:

* Overall, how would you
Very poor Very.good Veryjpoor Very/good Tick to indicate your rating.

__”M”mmnwﬂﬂ_ﬂmo_qudﬁmﬂﬁov\ D D D D D _..U . D . D D D D - For additional comments please use the

comments section at the bottom of page

* Are you aware of its Yes I don’ :
i don't know No Yes | don't know No
maintenance procedure? D D D D

( & A r N\
Solar Solar PV Meter PV switch PV 92
controls switch converter o
220
O o
Tz mw 2 W.w =z £5 t
o0 o0 o0
g 3¢ 2 g3g 2 $ 3¢ 2 g3g 2 g3E 2 €5 S
Is it clear what this control does?
Does its location help use it when
needed?
Is it easy to see how how to use
this control?
Is it easy to operate this control?
Is it sufficiently labelled?
Does it show response to your
actions?
Does it allow making sufficient
adjustments?
Is it obvious if you should interact
with it?

* Comments on Renewable energy controls:
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Electricity & Lighting
Very poor Very good Tick to indicate your rating

* Overall, how would you
rate controls for D-DD D DD For additional comments please use the

I A d lighting? comments section at the bottom of page
electricity and lighting?

* ,.\<3_n_g of the ﬁo__o.i_so Consumer Individual  Multiple TV point TV Telephone
is your home equipped unit light light (aerial) amplifier point
with? switches switches
Tick where appropriate and
fill coresponding details D D D D D D
below

« Are you aware of [ Jne (Jne B (Jne B (e
its maintenance [ Jidon o | JBSRE o I RS \done

procedure? Oﬁ D oi Oﬁ D Yes Dﬁ D Yes

el -~ e -
= c3 3z 32 €3z ez
OW w OO0 mo oo mo w OO
SEDENS $ cc o ENEERSE $ oc o ENSERSN § ¢ 2

Is it clear what this control does?
Does its location help use it when
needed?
Is it easy to see how how to use
this control?
Is it easy to operate this control?
Is it sufficiently labelled?
Does it show response to your
actions?
Does it allow making sufficient
adjustments?
Is it obvious if you should interact
with it?

« Comments on Electricity & Lighting:

Sockets

rici
& lighting

Elect
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Emergency & Maintenance

« Overall, how would you g Lol g

rate controls for emergency D D D D . D D

and maintenance?

* Which of the following Fire Burglar Smoke
is your home equipped alarm alarm alarm
o control control control
with?
Tick where appropriate and
fill coresponding details D D D
below
« Are you aware of [ e (Jne (Jne
its maintenance don't | don't D don't
procedure? Dﬁm Dﬁ Dém
= =
$3€2 g2 8 8 ¢

Is it clear what this control does?

Does its location help use it when
needed?

Is it easy to see how how to use
this control?

Is it easy to operate this control?
Is it sufficiently labelled?

Does it show response to your
actions?

Does it allow making sufficient
adjustments?

Is it obvious if you should interact
with it?

*« Comments on Emergency & Maintenance:

(OO0 L e

Tick to indicate your rating.
For additional comments please use the
comments section at the bottom of page

Water Gate valves / Doors -
emergency water cut off Handles &
stop cock points Locks

OJ UJ O UJ
(e B (e [ Jwe

| don't don't | don't don't
know w know ow
O« O= 0O« O=
- - - -
53 53 53
3 -} 2 o
$°c 2 AN ¢ cc o NEEEEES

Windows -
Handles &
Locks

U
a

| don't
know

D Yes

\

| don'
know

Yes
No
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Appendix 5- Building Use Study (BUS) Questionnaire

Housing Evaluauon
© Copyright BUS Methodology 2020. Used under licence. Detalls of mathod.

This survey is being conducted as part of research into the design and management of residences. The information collected will be treated as
completely confidential by the survey team. Survey reports will use summaries of information and never reveal the identities of individuals.

Please fill in as many questions as you can. For questions that are not redevant 10 you, please leave blank or choose or ‘No response’. Type any
further ts in the sp provided

if you wish to say more or have any queries please contact Rawdah AA Azahran

A s N A S e 1l Oy s 8 e gl e G D iy AAD A e S i e e a0 ety el Zadl e i) e
G 550 05 o 5 1 5 ) haladt b s AN il 1 S (3 20 V) S SR8 A4S 5 ele D K GV B ARSIy AN e a2 8
e

This is an intemet version of a standard A4 page questionnaire.

You may change the text size with the browser’'s View / Bigger Text (or similar) command.

(Background) 4ss Siasiaa
UKD !

e A5 3 gl i G s i ad¥) o S
Uil

Please give your name ... (at your discretion)

We ask for names so that we can follow up
any matters that may arise with you
personaly.

2 03053 O 305 9

Clalial ad 55, LadS OF oy saad oo L
S D

Age

We ask about age and gender because
these are both relevant to people's needs in
buiidings.

m OH0x

B oty ) B, RS o

Postcode

Please add your address and postcode
T Ao, i ar:
How long have you lived here ... ? 09,4 O o
D G P aa gt el A1 pelalY) 2e S
LLord e
A e

OO cxO gs O, O aly
How many other people live with you who
are eighteen vears of age or
under...? Please choose
5 ol y B O ptons D G AN Sl e S
L N D
S O i) O a3 O g O =y Osly
How many other people live with you who
are over eighteen...? Please choose
fLdsd pide o e Ot 12 O Libp pulit e ey ) 4 O i aa

JEY e
Are you normally at home...?

file ///C /Users/arp19raa/Documents/Questionnaires/DomesticStandardF orm 156 1test html

218

16



001172022, 0539 BUS Standird 2 A4 Page Imemet veran

Pisase choose and 0escrde below if other

{ | ol & i
Lo P e
HaY v
Anyouina..? Q& o O O Wi st im O (i S o

Prase choose and descrde befow If other

Lz;‘.-ﬁmw
T e e
ey
Bdea ? o"o‘.o 2o
Pisase choose and 0eacnde below If other

ol e
#é Jii LuEp (The Residence Overall)
1 2 3 4 5 B 7 :”
T - 0 0 O O O O O «r O
Lo o i T ) e iy s wah
Location S o

Al things consedered, how do you rate e [ ]
ovenall location .7 Pioase choose

Jjad D et s .
AR e B e f PO, o o o o o o O Gus O
KAl -
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15 Mare encugh space .77 L 3 il
L )
-y
1 2 3 4 s [ 7 “
QD dnguis
T D e

Layout
Does the lyout st you .. 7

L Sn Yk

Stocage
Sutatsty of storage arangements 7 | ]

-t
1 2 3 4 5 6 7 2
ﬁpwﬁﬂd
Appearance W 'O o] (o} o] (o} o] O =& O
How 80 you rae e ippearance Yom he
outsite .. 7
Ll e el G s
[ )
(Your needs) Sl : 2 s s . i . ::,!

Sie NVC /Userw/an 19raaOocuments/ Questicnnaire /DomesticS andandForm1 56 1iest hami
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0ONV2022 0639
B ) B L B B g P e
T A e il fd e g
LS ey o D

How well 00 the faciBies provided needed
moet your needs . 7

- Xl o) B D iy e B i) e P
'

Plase gve examplies of Tings which work
wel 7

1. Kty il B Y B D e 0y

. and exampies of Nings which 4o Nt work
wel 7

(Special Croumslances) sea -,
k-

Do you have any spedial crcumatances which
ML yOour Needs iferert Bom the norm 7

J N ) A )
(Comfory

o b
D Sk el D i s

il p e fh D Sk pn fund B ey S
— p) p3 ey L B Iy e

Winter
How would you descrbe typecal condtons n
wirter 7

¥ you have not Bved hare in wirder then please
lodve Mo Questons Blank and comglon
e questons on Temperature in

) S
Teaed Josb L Gl g i

e P s i S pn o B ey S
B L B e

Summer
How would you describe typical condtions n
summer?

¥ you have not Ived here in summer hen
Plese Rave Pese Questions DNk and just
compiete Ne questons on Temperatue »

Sie 0\C JUserv/an 1 raaOcouments/ Questonnaine wDomesticS tandand Form1 56 1iest hami

BUS Standard 2 A4 Page Inemet version
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0112022 0639

D s g dades ) i e P
Phase add any comments about haating

AP J1 g e e e M v P
Please a3d any commants about heating
andior ventlason

(Noise) ¢ =t
T v ) G i wabh

(5 o o vy 0 2 )y 1
How would you descrbe he effects of noise
¥

(This queation refers 10 condtions al yosr
round)

(lighting) s».ay

2500 Jals Ml b o s
(5 o o vty ) 2 Dy (e

How woukd you Gescrbe he qualty of he
IGhIng in your hame?

Tz queation refers 10 conaitions all year
round)

D e S o Sy e (Overall Comfont)
) A P s s i) el B SN R
Tl

Al things congicered, how 30 you fate Tha
overall comfon of the buldng environment?

-—

S I 5 B B o Jy Iy ) e
T

T it B i i B o s N o o
p-

Do you feel that this bullkding affects your
Neath by making you foel more of keas
heathy. 7 Please try 1o evaluae ths bulding

WIth respect 10 your expanience of using
BAdngs in Qeneral

T e e e A VP

Phoase make any comments 3ot health 7

S I e S (Personal Cortrol)
0I5 I AID D D Sk pia'n

BUS Standard 2 AL Page Imemet version
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e Blowing aspects .. 7
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Appendix 6- Home Walkthrough Guide
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KITCHEN

1. How you use the space, and where is the HVAC controller thermostat? How
do you use it here? How long? When?

2. How are you using your appliances? Does it seem easy to use?

How well the windows open, safety and security?

4. Are there any issues relating to the kitchen'’s operation? And this would

include: controls; lights; ventilation systems; or manual openings / vents.

Are there any visible signs of mould or condensation this area?

6. Do the developer / manufacturer produced user manuals help or hinder the

correct use of the dwelling?

Adjustment?

8. Isthere anything you would like to add?

e

gl

S

)

Ughting controls Window & door ventilation control

—lol®

Appliances (energy labelling)
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LIVING ROOM & BEDROOMS

1. How they use the space, and where is the HVAC controller thermostat? How

long using AC? When?

How are you using HVAC ? Does it seem easy to use?

3. Isit easy to tell when the filter needs changing, and is it easy to access and

change it?

How well the windows open, safety and security?

Are there any issues relating to the living room & bedroom’s operation? And

This would include: controls; lights; ventilation systems; temperature

settings; motorised or manual openings / vents.

6. Are there any visible signs of mould or condensation in this area?

7. Do the developer / manufacturer produced user manuals help or hinder the
correct use of the dwelling?

8. Adjustment?

9. Isthere anything you would like to add?

o

Window ventilation control Door ventilation control Lighting control

B
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HVAC control thermostat
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BATHROOMS

1. How are you using the controls? Does it seem easy to use?

2. How well the windows open, safety and security?

3. Are there any issues relating to the bathrooms’ operation? And This would
include: controls; lights; ventilation systems; motorised or manual openings /
vents.

4. Are there any visible signs of mould or condensation this area?

5. Adjustment?

6. Isthere anything you would like to add?

b /
‘ \\ -
1 2 3
l /l\
B —_—
) = - —
—_—
Window & door ventilation control Lighting control Extract fan control
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HALLWAYS/ STAIRS

1. Are there anyissues relating to the dwelling’s operation? This would include:
controls programming the system and; lights; ventilation systems;
temperature settings; motorised or manual openings / vents.

2. Do the developer / manufacturer produced user manuals help or hinder the

correct use of the dwelling?
3. Adjustment?

4. |sthere anything you would like to add?

Monthly electricity bill Lighting control
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Appendix 7- Interview questions

Interview questions

Research objectives

How long have you been living here in this home? Who lives with you? Do you have pet?
Where were you living before you moved into this house? [Understand the context, e.g.
house or flat, location, number of rooms] Compare the pervious home and this home in
term of indoor thermal comfort (heating, cooling, ventilation, involve insulation, glazing)
and electricity bills?

How do you feel about your home? Are there any general things you like or dislike about
your home?

How did you find living in RC home with the implementation of new technology (HVAC)?
Have you changed anything since you lived in this home?

- Understand and explain inhabitant experience of
living in pervious conventional and regulated Saudi
homes in relation to energy consumption and
thermal comfort.

- Identify how much energy has been consumed in
Saudi regulated homes.
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Interview questions

Research objectives

7.
8.
9.
10.
11.
12,

How you cool the indoor space in the summer? Additional cooling devices? What do you do to
reach the comfortable level of cooling? Why? What time of the day is cooling mostly used?

Do behaviours change when more people - guests/ family are in the house?

How you heat the indoor space in the winter? Additional heating devices? What do you do to
feel warm? Why ? What time of the day is heating mostly used?

If you were feeling cold would you choose to turn the heating up or put on an

extra layer? If you did put on the extra layer, why would that be your reaction to the cold and
not turning up the heating?

Who is responsible for changing the settings? What is usual temperature setting? Do different
people have different preferences?

Do you open windows: which windows/doors opened — when, why and how long? [Show them
the home layout the researcher can know the location]

Do you sleep with windows opened/closed [e.g. in winter/spring]?

How you ventilate your home? (practices) Additional ventilation devices?

Do you use extra equipment e.g. humidifier/dehumidifier devices?

Have you notice any condensation mould? Where?

Are artificial lights used during the day time? If so, why?

When you leave a room, do you pay attention to switching off lights, AC and/or other
equipment? Why? How about other households?

Identify the performance of regulated Saudi
homes in relation to thermal comfort.

To understand and explain the influence of
inhabitant everyday practices on energy
consumption.
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Interview questions Research objectives
1. Daily routines: ask about a daily routine a) week-day b) weekend [ time waking up, sleeping, watching TV how . To understand and explain the influence
long, who is setting at home most of the time/day/week] of inhabitant everyday practices on
2. Which rooms are the most frequently used? And which rooms are occasionally used? Where does the family energy consumption.
spend most of the time? And why?
3. What are the appliances used daily?
4. Have your practices changed over time since you lived here?
5.  Any other activities you do every day/ a week?
6. How often do you cook? Is this at the same time as the other household?
7. How long does it take to prepare a meal? How many equipment are used to prepare the meal? [e.g.
microwave, oven, cooker, electric grill, toaster, blenders, food processor, kettle and other]
8. Does this make the space too hot? If so, how you cool/ventilate it? For how long?
9. How many times doing laundry [weekend/ every day or every other day etc...]? Drying using machine or
traditional drying? If yes where inside the house [which room]? Do you use fan or you open window or non to
dry cloths?
1. Are you concerned about your consumption? Have it change since you lived here [low or high]? Why? * To understand and explain the influence of
2. Areyou interested in energy efficiency / saving? Why ? inhabitant everyday practices on energy
3. What do you do about it? Or what are you planning to do about it? consumption.
4, How you normally choose an appliance based on what criteria? (brand, size, quality, cost savings, energy rating,
advertisement, the ease of use)
5. Have you received any advice about your energy? Do you wish to have it?
1. how did you learn how to use the system in your home? *  Tounderstand the usability of control
2. Has anyone ever offered you any advice on how to use the systems in this house? If yes what form you got? interfaces in their homes.
Were you given a home user guide?
3. Do you have any problem using/interacting with the home environmental systems? If yes how did you solve it ?
4, In term of maintenance, what maintenance has been done [type and who doing it]? have you ever changed the
filters? Or has anyone else?
5.  Thanks for answering the questions, before we wrap up is there any thing you would like to mention?

231



Appendix 8- Ethical Approvals

The
University
9 Of

~ Sheffield.

i
St

Downloaded: 10/10/2023
Approved: 13/10/2021

Rawdah Alzahrani

Registration number: 190225904
School of Architecture
Programme: Phd in architecture

Dear Rawdah

PROJECT TITLE: Inhabitants' Practices and the Impact on Energy Demand in Saudi' Low Carbon Dwellings
APPLICATION: Reference Number 043038

On behalf of the University ethics reviewers who reviewed your project, | am pleased to inform you that on 13/10/2021 the above-named
project was approved on ethics grounds, on the basis that you will adhere to the following documentation that you submitted for ethics review:

« University research ethics application form 043038 (form submission date: 11/10/2021); (expected project end date: 01/12/2023).
« Participant information sheet 1096463 version 3 (11/10/2021).
« Participant consent form 1096902 version 3 (11/10/2021).

If during the course of the project you need to deviate significantly from th Ve-approv mentation please inform me since written
approval will be required.

Your responsibilities in delivering this research project are set out at the end of this letter.

Yours sincerely

Parag Wate
Ethics Administrator
School of Architecture

Please note the following responsibilities of the researcher in delivering the research project:

« The project must abide by the University's Research Ethics Policy: https:/www.sheffield.ac.

« The project must abide by the University's Good Research & Innovation Practices Policy:
https://www.sheffield.ac. lopoly_fs/1.671066!/file/GRIPPolicy.pdf

« The researcher must inform their supervisor (in the case of a student) or Ethics Administrator (in the case of a member of staff) of any
significant changes to the project or the approved documentation.

« The researcher must comply with the requirements of the law and relevant guidelines relating to security and confidentiality of personal
data.

« The researcher is responsible for effectively managing the data collected both during and after the end of the project in line with best
practice, and any relevant leqislative, requlatory or contractual requirements.

232



The
University
& g Of
2 Sheffield.

Downloaded: 10/10/2023
Approved: 11/02/2022

Rawdah Alzahrani

Registration number: 190225904
School of Architecture
Programme: Phd in architecture

Dear Rawdah

PROJECT TITLE: Inhabitants’ Practices and the Impact on Energy Demand in Saudi' Low Carbon Dwellings
APPLICATION: Reference Number 040380

On behalf of the University ethics reviewers who reviewed your project, | am pleased to inform you that on 11/02/2022 the above-named
project was approved on ethics grounds, on the basis that you will adhere to the following documentation that you submitted for ethics review:

University research ethics application form 040380 (form submission date: 03/02/2022); (expected project end date: 01/12/2023).
Participant information sheet 1092106 version 2 (29/10/2021).

Participant information sheet 1092105 version 1 (25/05/2021).

Participant consent form 1092051 version 3 (03/02/2022).

If during the course of the project you need to deviate significantly from the above-approved documentation please inform me since written
approval will be required.

Your responsibilities in delivering this research project are set out at the end of this letter.

Yours sincerely

Parag Wate
Ethics Administrator
School of Architecture

Please note the following responsibilities of the researcher in delivering the research project:

« The project must abide by the University's Research Ethics Policy: https:
e The pro;ect musl abrde by the University's Good Research & Innovalron Praclrces Polrcy

. The researcher must mform lherr supervisor (in the case of a studenl) or Ethics Administrator (in the case of a member of staff) of any
significant changes to the project or the approved documentation.

 The researcher must comply with the requirements of the law and relevant guidelines relating to security and confidentiality of personal
data.

« The researcher is responsible for effectively managing the data collected both during and after the end of the project in line with best
practice, and any relevant legislative, regulatory or contractual requirements.

233



Appendix 9- Pilot study

A pilot study was undertaken to calibrate the environmental monitoring sensors
and test them in use (e.g. people being asked to place them and download the data).
Due to the shortage of data loggers provided by the University of Sheffield, alternative
data loggers were secured by the researcher. Itis essential to ensure all the data loggers
used in this research project are calibrated to provide accurate results. Hence, a
comparison study of the university’s provided data loggers (HOBO) and the new data
loggers (SMART) was conducted to ensure the accuracy and sensitivity of the collected

data (Error! Reference source not found. and Error! Reference source not found.).

In this study, four sensors (2 HOBO) and (2 SMART) were placed in the same room next
to each other for approximately 3 weeks. The data acquired from both sensors fall
within the expected tolerance (Error! Reference source not found.). Error! Reference so
urce not found.shows that temperature readings from all sensors follow the same
pattern, with approximately 0.3 °C difference between HOPO and SMART readings. The
humidity data provided by both types of sensors are also accurate, with approximately
1.5-2.0 % difference between HOPO and SMART readings (Error! Reference source not f
ound.). The difference in the measured data by the two sensors is fractional and fall
within the tolerance level. Therefore, 15 SMART sensors will be used instead of HOBO

to conduct the study.

onset
TR
RN
DEER
RN

Figure 0-1 Hobo Sensor [Measurement Systems Ltd, n.d]
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Figure 0-2 Smart Sensor [ORIA, n.d]

Table0-1 Sensors Technical Data (Author, 2020)

Accuracy SMART HOBO
Temperature + 0.5°C +0.35°C
Humidity +50% +2.5%
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Comparing temperture readings for HOBO and SMART snesors
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The great advantage of using SMART sensors is simplicity and being user-friendly, where
data can be directly accessed via an app (available for both iOS and Android devices).
Participants were able to download the app (Sensor Blue) where the data could be
accessed by the researcher and collected monthly. The researcher also provided a video
guide on how to use the app and export the data as a CSV file to ensure that participants

understand the whole process in terms of using the app and downloading the data.
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