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ABSTRACT

This study includes the analysis of renewable energy conservation with the implementation of PV systems for
urban buildings at low-income housing systems in Riyadh. However, the PV (Photovoltaic) systems should be
designed in such a way that they reduce energy consumption for daily climate factors. The installation of PV
systems with their appropriate design should be considered a major principle in urban buildings, specifically in
low-income houses for renewable energy conservation. To meet the technical and socio-economic needs of the
users, it is required to develop sustainability practices that allow establishing the energy-efficient residential
or urban design with the management of indoor temperatures and low economic losses in Al-Suwaidi District.
The study focuses on evaluating the socioeconomic and technical aspects of the domestic urban district of
Riyadh based on Building Integrated Photovoltaic (BIPV) systems to implement strategies for energy-efficient
building designs at low-income houses. The data was collected from survey questionnaires to study the
implementation of BIPV systems.

Keywords: Renewable Energy Systems; Low-income Houses; Riyadh; Al-Suwaidi District; Socio-Economic
Effects; Photovoltaic (PV); Building Integrated Photovoltaic (BIPV)

1. Introduction

Resource-utility solar power projects have been developed across Saudi Arabia and will become the primary
step towards the diversification of electricity production. However, the National Renewable Energy Program of
the country focuses on achieving the goal of increment of share of The Saudi Arabian energy mix aims to use
3.45 GigaWatts (GW) of renewable energy by 2020 and 9.5 GW by 2023 [1]. According to this study, installing
renewable energy systems, particularly solar rooftops, may prove affordable and enhance Riyadh's home scale's
decarbonization of the power generation mix. The standard cost-benefit analysis has been performed to
understand the viability of rooftop solar PV in multiple diverse households in Riyadh instead of a single
household. According to the consumption level of electricity and a sliding scale, the households are categorized
based on the residential pricing of electricity [2].

Significant socioeconomic effects could result from the implementation of renewable energy systems in low-
income housing systems in Riyadh, Saudi Arabia. The energy costs could be reduced for residents which helps
them to improve their economic well-being without relying on fossil fuels. As a result, positive environmental
effects have occurred. Moreover, the exploitation of renewable energy systems could create jobs in the
installation and maintenance departments. Furthermore, the initial costs can be higher for installing renewable
energy systems in addition to the costs for their maintenance and repair could cause a financial burden for low-
income families. A positive impact would likely result in the environment and socio-economic well-being of
residents with the use of renewable energy systems in low-income housing in Riyadh. But, it would have to
consider the costs associated with the maintenance and installation of renewable energy systems like BIPVs.
Recently, Riyadh has gained much attention in handling the issue of low-income housing caused due to the
increased population. In Riyadh, existing low-income housing lacked basic amenities like electricity and water
facilities. The houses mostly do not have adequate ventilation and insulation which results in the rising of
extreme temperatures in the houses and a negative impact on the well-being and health of residents. It makes it
difficult for low-income housing residents to explore job opportunities as they are located in areas distant from
the city centers in Riyadh [3]. However, it can worsen poverty conditions and limit social mobility. The low-
income housing issue in Riyadh has been addressed by the government of Saudi Arabia, which planned to
establish new housing units and improve the existing conditions for low-income housing. For example, the
Saudi Vision 2030 plan has been developed and aimed to create job opportunities for citizens and diversify the
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economy [4]. The major initiatives of the plan included the improvement of education and training while
creating new jobs in various sectors such as renewable energy, healthcare, and technology. Furthermore, several
private organizations and non-profit businesses have been provided affordable solutions for housing in Riyadh.
As the problem of low-income housing in Riyadh is a complex issue, it needs a multifaceted approach to make
sure that all residents get access to affordable and safe housing.
1.1Low-cost Housing in Saudi Arabia's capital, Riyadh:
In recent years, Riyadh, Saudi Arabia, has experienced a significant increase in the need for affordable housing
due to the city's growing population. The lack of affordable housing alternatives is a contributory factor of the
substandard living conditions and overpopulation of residents. High land costs, a lack of government action, and
an expanding population were the main contributors to the housing problem-solving [5]. The low-income
households were mostly forced to live in inadequate and overcrowded housing. The study found that the low-
income housing resided in peripheral areas of Riyadh which led to the segregation of residential housing and no
access to services and amenities [6]. Due to the lack of affordable housing options, many families were
compelled to reside in a single apartment. [7]. Another study also demonstrated that contributing factors to the
problem of low-income housing were higher prices for land, a rising population, and a lack of government
intervention [8]. The low-income households of Riyadh are struggling to spend their income largely on housing
costs which led to poor living conditions. The Saudi Arabian low-income housing programs were not effective
in addressing the housing crisis faced by low-income families due to the hindrance by lack of poor coordination
and funding from government agencies [9]. The housing market has been negatively impacted by Saudi Arabia's
ongoing economic crisis, which has reduced the number of cheap housing options and new home development
for people with lower incomes[10],[11]. In conclusion, these literature studies recommended improving the
affordable housing options for low-income residents in Riyadh by considering factors like land prices and
population growth that contributed to the housing crisis.
1.2 SOCIAL AND ECONOMIC EFFECTS OF BIPV
As the perceptions and beliefs of the public are considered accurate, it is crucial to understand their perceptions
regarding renewable technology [12] [13]. Effective tactics should have to be developed to implement the
initiatives for PV technology acceptability based on the perceptions of the public. New renewable energies like
PV systems should be considered as a framework to identify and develop solutions concerning the public
reaction [14].
1.2.1  Social Impact of BIPV
1.2.1.1 Financial Influences
The positive outcomes for any business leader in society are the consumer’s sense of happiness and social
position [15]. However, it has been realized that a higher rate of return is received for socially responsible
businesses in addition to the commitment towards environmental and social principles [16]. The consumers of
the commercial sector can gain the benefit of using photovoltaic energy by linking the products with sustainable
energy generation. A residential or commercial structure is distinguished by BIPV visually [17]. In addition,
BIPV is an integral part of the distinct design of the building and complements the green energy systems like
lighting, TV, etc.

1.2.1.2 Behavior of Users
The study claimed that a viable source of renewable energy was the BIPV operations for consumers in homes
based on the investigation of the economic and social effects of rural electrification programs thoroughly [18].
An energy infrastructure project was developed to understand the effects and provide benefits for developing
countries. This project has impacted the people to ascertain the technical, economic, and social effects of the
BIPV system while reducing the environmental effects [19] [20]. The lives of BIPV users changed with the PV
electrification system in terms of economic, social, and technological aspects [21]. Urban and suburban
lifestyles are linked with the BIPV systems as the residents get access to telephones, radios, computers, and
lighting [22].

1.2.2  Economic Impact of BIPV

1.2.2.1 Costs and Benefits
The economic evaluation of PV systems should be considered the below-mentioned aspects, such as:

e The positive incentive programmes provided by the government PV systems like tax incentives or

grants [23].

e Reduction of generating electricity costs through PV systems per annum [24].

1.2.2.2 System Costs
The PV installation has had an effect on the system costs expressed in US dollars per installed watt of direct-
current peak power capacity (USD/Wp DC) [25]. When compared to PV systems, BIPV systems are expensive
for the installation process, but the reasons are not clear for these price premiums, including larger margins,
higher expenses, or other parameters. The costs for residential rooftop BIPV systems included installation
labour costs and a bottom-up study of components. The system costs are 10% cheaper for BIPV systems than
the rack-mounted PV systems [26]. The reports from 2007 to 2016 showed that there was an increment of sales
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rate of up to 8% for new homes with BIPV than rival PV. Based to some research studies, the global installed
capacity of BIPV will range between 250 and 300 MW in 2021, and 1% of the total installed capacity of
distributed PV systems as of 2010 [27]Due to the higher costs, BIPV has a higher market share than rack-
mounted PV systems [28], and the total installed costs were $5.71/WP DC in 2020 [29].

1.2.3  Technical Impact of BIPV

1.2.3.1 BIPV Maintenance

In Ethiopia, PV technology was introduced and led to the cultural division between the system and its users
while providing a shorter lifespan or poor performance for PV systems despite the guarantees of durability by
manufacturers [30]. The studies concluded that BIPV components should be maintained or managed well
technically by PV users [31-33]. However, there are difficulties with the installation and usage of systems to
achieve quality intervention and quality assurance. As the buildings are required to be sustainable, buildings'
roofs are able to include BIPV (Building Integrated Photovoltaic) systems. [34]. Therefore, it is required to
design a low-energy house system using BIPV to determine the economic and social behavior of urban people
[35]. In Riyadh, it is essential to consider a sustainable and optimum architectural design using BIPV for urban
planning and providing benefits to the community. The purpose of the study is to determine the social and
environmental effects of implementing BIPV systems in the residential sector, such as climate change and
distribution barriers.

2. Location Data

2.1 Physical Al-Suwaidi District's Physical Characteristics and Planning
Riyadh, located in the central area of Saudi Arabia, is one of the seven primary administrative divisions within
the country's geographical framework. Furthermore, it should be noted thatthis particular province holds the
distinction of being the second largest in Saudi Arabia when compared to other regions. Its entire area spans an
impressive 404,240 square kilometers (156,080 square miles).The total population in Riyadh was over
8,000,000 residents according to the latest statistics of the General Authority for Statistics (GAS, 2017) [36].
The subdivisions of Riyadh included five districts, such as Southern, northern, eastern, and Western districts.
Moreover, there is a diversity in socio-economic status among residents of Riyadh, including upper-income
groups of individuals in the northern area while southern and western areas have low-income group families.
The facilities, locations, types, designs, and services of the people's houses are heavily influenced by the socio-
economic level of the occupants. This plays a vital part in the decision-making process , according to Al-
Gabbani, 1996. In this study, one of the southern neighbourhoods, Al-Suwaidi is considered to examine the
effects of income level on the housing type and design and evaluate the improvement of such residences through
the utilization of various forms of renewable power sources.
One of the most ancient and highest priority neighbourhoods of Riyadh is Al-Suwaidi, which has a geographical
area of 5.42 Square Kilometers approx. The administration of Al-Suwaidi has been affiliated with the
municipality of Al-Uraija, which is taking a southwestern part of Riyadh city and is bordered by the Western
Ring road from the south and west side, Sultana neighbourhood from the south, and Dhahrat Al-Badiah
neighbourhood from the north.

In Al-Suwaidi, the average housing price is above 1500 riyal/m2 based on studies of Argam, 2021. By
comparing with the housing prices of northern neighbourhoods, there is a difference of 3000 riyal/m2 (table 1).
Five main roads of Al-Suwaidi are subdivided into small several ways for separating commercial and residential
buildings (Figure 1). Two-floor residential buildings mostly exist with roofs and yards for the family to stay out
when the weather is good (Figures 2 & 3). Some residential building units were established during the late 80s
to 90s while some were built between the 70s and early 80s (Figures 2, 3, 4, and 5). Many commercial buildings
resided near the sub and main roads to serve the basic needs of residents, such as pharmacies, laundries, grocery
stores, etc. The commercial units were also established with two floors of buildings similar to the houses (Figure
6). The desert air conditioner was used mostly in early-built units (Figure 4) and the window air conditioner was
used during the 80s and 90s (Figure 2). Since many buildings were built early, where cooling systems are
expensive, it is not often to find a central cooling system in the neighbourhood. It is shown that the area has
been planned by looking at the neighbourhood plan because many sub roads are not used a grid that leads to the
ununified housing structure (Figure 1). Based on the diversity of demographic nature with several reefs that are
erected by buildings, most of the southern neighbourhoods are characterized in Al-Suwaidi.
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Figure 1: Main Roads in Al-Suwaidi
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The luxurious neighbourhoods were located in the capital city during the 80s. There was a shift of real estate
developers as their focus towards the north and looking out for a better quality of life. The low-income
population has inhabited the Al-Suwaidi neighbourhood that has become less appealing and attractive to the
residents. For example, Dar Al-Arkan real-estate Company developed a huge residential project that includes
hundreds of residences ranging in different sizes and types of apartments and villas [37]. But, the desired
outcomes were not achieved because the project was located in the southern region of Al-Suwaidi Main Street
and the problems of poor accessibility and traffic were faced by residents. Thus, these initiatives were not
successful, and developers moved to planned and attractive areas.

2.1 Climatic Conditions

Riyadh city is cold and a bit rainy during winter and hot or dry during summer. However, a long period of the
summer season is considered in the city with an average temperature rate of above 102°F. The temperature rises
in May and reaches the peak level in July and August, finally, it starts to become low in October. The shorter
period of winter lasts for December and January with the average temperature below 76°F. The typical range of
temperature is from 49°F to 110°F over the year.
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The average wind speed of 5.25 miles per hour was reported in Riyadh over the year. July had the most wind
speeds with an average rate of 9.8 miles per hour. The static wind speed was observed from August to May with
an average rate of 7.6 miles per hour even though October was the calmest month.

3. Methodology
This study contributes to the understanding of public perception regarding renewable energy sources,
specifically focusing on Building-Integrated Photovoltaics (BIPV) systems. By analyzing real-world BIPV
installations and expected patterns of BIPV adoption across different districts within the Al-Suwaidi area, the
research aims to provide valuable insights into the factors influencing BIPV adoption among low-income
households. Furthermore, this study will enhance our understanding of the socio-economic and environmental
impacts of BIPV systems on low-income communities and how to develop effective policies and strategies to
promote the wider adoption of renewable energy technologies in the region.
The public perception regarding renewable energy sources is the major concern of the research area and is a
framework for analysis [38]. All samples of BIPV services and expected patterns of BIPV for all districts of Al-
Suwaidi will be analyzed based on statistical tests. This study included randomly selected participants to detect
the location.
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3.1 Methods used in Data Collection

The data collection method is used as retrieving responses from a significant number of respondents through the
distribution of questionnaires [39]. It is a feasible method to reach the reviewers significantly for providing
better outcomes with a statistical analysis. This study investigates how the living conditions could have changed
for some families over time. As shown in below Figure 9, the overview of research study was presented to
determine the positive views and barriers concerning the use of BIPV while identifying the location background.

Figure 9: Overview of Research Study

3.2 Obijectives of the Survey

Specifically, the study demonstrates its well-defined goals, such as data collection and analysis for future user
research. To implement the BIPV technology, assessment of public acceptance and perception of PV technology
is used as an effective strategy to detect the issues or problems faced by the residents of Riyadh. However, BIPV
systems were developed for different communities, households, and authorities in the location.

3.21  Surveying Component of Location Study

This research incorporates direct interviews with government officials and local stakeholders in the Al-Suwaidi
District, as part of a comprehensive examination of the region's population and public service infrastructure.
However, these services were rendered to be surveying, registering, and analysing the occupied areas of Al-
Suwaidi District with low-income families. The requirements for location were discussed in the below sections.
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3.2.2  Study of Socio-Economic, Technical, and Environmental Aspects

It is required to study the environmental, technical, and socio-economic effects of households. Because
improper use of resources leads to negative effects on people due to improper socio-economic, environmental,
and technical behaviour.

3.2.3  Field Study Procedure of Research Sample

3.2.3.1 Citizens

A random selection of population was considered to test the samples in Al-Suwaidi District. At that point, a
sample in Al-Suwaidi District was selected, including households which used BIPV. The citizens can get access
to the facilities where the contributions are being consumed. New facilities have been created even in areas
where local opposition to them has been mostly muted. Furthermore, the lack of dialogue about new social
improvements is caused by the isolation of concerned citizens [40, 41].

3.24  Simple Random Sampling

The collection, presentation, analysis, and interpretation of data are considered as stated objectives from the
statistical perspective. However, the primary process is data collection, where randomization is applied as it is
the base for many methods of statistical analysis. It is not useful to perform statistical analysis and relevant
interpretation when the assumption of random sampling cannot hold. Thus, it requires gaining knowledge about
sampling before investigating the methodology section of statistical analysis.

3.25  The Research Sample

A sample that accurately reflects eligible respondents and a roster of homes from different districts of Riyadh
was obtained based on the randomly selected 50% of population from a total number of respondents (h=300)
who used BIPV systems.The study's main objective was to achieve a random sample based on sampling and
estimation statistical methods [42]. However, the method of designing and implementing sample techniques
were carried out for the objective of using questionnaire surveys, and chosen the sample of families from Al-
Suwaidi District.

4. Results and Discussions

The collected data from the primary quantitative sources is analysed based on online questionnaire surveys. The
data analysis has been performed using survey responses to achieve research aims and objectives for deriving
meaningful conclusions regarding the socio-economic effects of the use of renewable energy systems like BIPV.
Therefore, this section presents the results and analyses of survey responses using percentage analysis,
Descriptive statistics, Chi-square, t-test, ANOVA, and other statistical tests and correlation tests, to understand
the role of residential renewable energy systems in terms of socioeconomic factors.

4.1 Percentage Analysis

This percentage analysis is used to evaluate and compare the results for particular categories like age, gender,
education level, total income, employment status, satisfaction with using solar systems, and use of renewable
energy at home.

4.1.1  Age, Gender, and Education Status

Figure 10: Pie-Charts for Age, Gender, and Education Status
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The SPSS results provided that a higher number 28% of respondents were in the age range of 51 and older.
while a lower number of responses was recorded for 20 to 25 years at 22%. The female respondents were higher
with 58.67% compared to male respondents, i.e. at 41.33%. The study has a greater percentage of postgraduates
at 29.33%, the second highest respondents were from the university level with 25.33%. Finally, the intermediate
and above educational level was chosen by a smaller number of respondents as [40, 41].

4.1.2  Household Income and Employment Status
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Figure 11: Bar Charts for Household Income and Employment Status
The study showed higher responses reported for low-income households with less than $300 at 24.67% and less
number of respondents were from the category of above $900 income households as [43] at 14.67%. Skilled
labour was the main employment status of the respondents at 18.67%. Moreover, the percentage analysis results
depicted 16.67% of people were unemployed and students, 13.33% of people were employed as agriculturists,
12.67% of people were household workers, and 11.33% of respondents were retired people.
4.1.3 Renewable Energy, Benefits, and Reasons for Using Solar Systems
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Figure 12: Demographics for Renewable Energy and Benefits of using BIPV Systems
Many people opined that they used renewable energy (41.33%) at their homes and some respondents did not use
them (32.67%). However, 26% of people did not know about renewable energy systems. Furthermore, the
results depicted that 33.33% of people were satisfied with using renewable energy systems and 25.33% of
respondents were not satisfied.
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Figure 13: Bar Chart for Reasons of using Solar Systems at Your Home
Mostly, people chose solar systems due to their affordability or availability at cheaper costs (14%) and some
respondents reported for different reasons enjoy TV [43, 44], children, studying, and getting electricity with an
equal response rate of 12%. No pollution was chosen by a smaller number of people with a response rate of 8%.

4.2 Statistics, Descriptive
Statistics, Descriptive

n The The Average Standard
minimum Maximum Value Deviation
value. Value

@8altdoesnteffectthehomeenviro 150 1 4 2.55 1.109
nment

150 1 4 2.57 1.149

@8bEasyaccessandinclusion

@8cEasilymaintained 150 4 2.41 1.100
@8dItdoesntoccupyalargespaceat 150 4 243 1.089
home

@8eltsuppliesrequiredenergyatas 150 1 4 2.48 1157
uitableprice

150 1 4 2.49 1.128

@8flthasnorepeatedfailuretodistri

butethecurrentsourc

@8gltisanalternativetothepowers 150 1 4 2.65 1.093
upply

@8hEasieraccesstoBIPVsolarene 150 1 4 243 1.052
rgy
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150 1 4 2.55 1.167
@8iThenumberofsolarpanelsincr
easedwiththeincreaseof

150 1 5 2.83 1.368
@10almprovedwellbeingofwome
nandchildren
@10bMoreopportunitytostudyath 150 1 5 2.71 1.407
ome

150 1 5 2.89 1.429
@10cImprovedqualityoflife

150 1 5 3.13 1.344
@10dAdvancedcommunication
@10ecleanindoorair 150 1 5 2.94 1.429
@10fWatchingTVandlistentobro 150 1 5 3.03 1474
adcasts
@10gLessburningofkerosenelam 150 1 > 2.85 1.432
psandwicks

150 1 5 2.82 1.381
@10hMoresocialgatherings

150 1 5 2.87 1.406
@10iIncreasedefficiencyindoing
domesticworks
@10jComfortablelife 150 1 5 2.96 1.474

150 1 5 3.21 1.464
@10kImprovedhealthcondition
@10lIncreasedstatusinthecommu 150 1 5 3.09 1.390
nity

150 1 5 2.97 1.428
@10mLesshassleforlighting

150 1 5 3.09 1.406
@11alncreasedhouseholdincome

150 1 5 3.18 1.433
@11bDiversifiedsourceofincome
@_‘]_]_(;Nopo”ution 150 1 5 3.14 1.316

150 1 5 2.93 1.334
@11dReducedenergyexpenses
N (list-wise) Valid 150

There were no missing responses for all questionnaires and reported 150 responses. The maximum response rate
was observed as 5 for the questionnaire survey while the minimum response rate was reported as 1. The average
responses of 10d, 10f, 10k, 10I, 11a, 11b, and 11c were closer while 10a, 10b, 10c, 10e, 10g, 10h, 10i, 10j, 10m,
and 11d were having nearer average responses and 8d to 8i questionnaire included closer average responses. The
highest standard deviation was observed as 1.474 for variables of watching TV and listening to broadcasts (10f)
and comfortable life (10j) while the minimum value was retrieved for easier access to BIPV solar energy (8h),
i.e. 1.052 [45],.
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4.3 Test of Normality

Saudi Arabia

In order to, the normality test will be carried out to determine whether collected data to socio-economic effects
of using renewable energy systems at low-income house case study is usually distributed or not. In the study, the

ShapiroWilk test is used as the dataset has lower than 2000 elements, i.e. 150 elements.

The Normality Tests

Kolmogorov Smirnov? Test

Shapiro Wilk Test

The df Sig. The df Sig.

Statistic Statistic
@8altdoesnteffectthehomeenvir 176 150 .000 859 150 000
onment

191 150 .000 .845 150 .000
@8bEasyaccessandinclusion
@8dItdoesntoccupyalargespace 199 150 .000 861 150 .000
athome
@8eltsuppliesrequiredenergyata 174 150 .000 845 150 .000
suitableprice

.180 150 .000 .854 150 .000
@8flthasnorepeatedfailuretodist
ributethecurrentsourc
@8gltisanalternativetothepower 184 150 000 858 150 000
supply
@8hEasieraccesstoBIPVsolaren 192 150 .000 870 150 .000
ergy

.182 150 .000 .840 150 .000
@8iThenumberofsolarpanelsinc
reasedwiththeincreaseof

.189 150 .000 .892 150 .000
@10almprovedwellbeingofwo
menandchildren
@10bMoreopportunitytostudyat 212 150 .000 874 150 .000
home

161 150 .000 .884 150 .000
@10cImprovedqualityoflife

.160 150 .000 .899 150 .000
@10dAdvancedcommunication
@_‘]_Oec|eanindoorair 178 150 .000 .884 150 .000
@10fWatchingT Vandlistentobr 165 150 .000 875 150 .000
oadcasts
@10gLessburningofkerosenela 156 150 .000 882 150 .000
mpsandwicks

170 150 .000 .888 150 .000

@10hMoresocialgatherings
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.146 150 .000 .886 150 .000
@10iIncreasedefficiencyindoin
gdomesticworks
@10jComfortablelife .183 150 .000 872 150 .000
.190 150 .000 .863 150 .000
@10kImprovedhealthcondition
@10lIncreasedstatusinthecomm 183 150 .000 888 150 000
unity
.164 150 .000 .885 150 .000
@10mLesshassleforlighting
@11alncreasedhouseholdincom 200 150 .000 882 150 000
e
@11bDiversifiedsourceofincom 175 150 .000 877 150 .000
e
@11cNopollution .163 150 .000 .903 150 .000
161 150 .000 .902 150 .000
@11dReducedenergyexpenses

a. Lilliefors Significance Correction

From the questionnaire survey's sample data, 150 people responded in total , conducted in this research study
[46],. They were analysed further to derive conclusions about the impact of renewable energy systems on low-
income houses [43, 44],. However, the above Table shows the test statistics for normality. The Shapiro-Wilk test
was used as the case study has only 150 elements. From the table, the p-value results for dependent variables
was 0.000 (<0.05) which means the data deviated from the normal distribution or data was not distributed
normally.
4.4 Reliability Analysis

This study aimed to construct a 16-question questionnaire survey to assess the impact of renewable systems on
low-income households. The survey aimed to evaluate the influence of these systems on social and economic
aspects, as well as the satisfaction levels of the respondents [46],. However, the questionnaire was developed
based on multiple Likert scale statements similar to a 5-point Likert scale with responses that vary, “strongly
disagree” and “strongly agree” and 4-point scale with “very high” to “low”. To find out whether the
questionnaire could measure the dependent variables reliably, the Cronbach alpha test was conducted.

Statistics of Reliability

Test of | Test of | N of Items
Cronbach's Cronbach's
Alpha? Alpha Based on
Standardized
Items?
-.007 -.023 26

a. The negative value is a result of the average
covariance among items being negative. The
assumptions of the reliability model are violated
by this. It is advisable to verify the item codings.

In this case, it was obtained as -0.007 it represents the fact that the measuring device has a lower level of
reliability. In addition, this suggests that there is a poor level of internal consistency with relation to the data
sampled. The “Item Total Statistics” for Cronbach Alpha results showed that the overall reliability was not
improved at a higher rate even though some of the variables like 11b, 11b, 10k, 10I, 8a, 8b, 8¢, 8d, 8e, 8f, etc. It
would reach to 0.340 for 8d, 10c, 10d, 10g, 10i, 10j, 11a, and 11d variables. Therefore, these variables were
considered for further tests as they passed the reliability although they did not improve the Cronbach alpha value
and were not acceptable for reliability.
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4.5 The test of Chi-Square :
This test was carried out to find out if the responses submitted contain answers that are identical to one another.

Test Statistics

@8dltdoesn | @10cImpro | @10dAdva | @10gLessb | @10ilncrea | @10jComfo | @1lalncrea | @11dReduc
toccupyalar | vedqualityof | ncedcommu [ urningofker | sedefficienc [ rtablelife sedhousehol | edenergyex
gespaceatho | life nication osenelamps | yindoingdo dincome penses
me andwicks mesticworks
Chi- 3.3332 1.200° 3.867° 3.200° 6.200° 3.933° 5.933° 3.467°
Square
df 3 4 4 4 4 4 4 4
Asymp. .343 .878 424 .525 .185 415 .204 483
Sig.

a. 0 cells (0.0%) have expected frequencies less than 5. The minimum expected cell frequency is 37.5.
b. 0 cells (0.0%) have expected frequencies less than 5. The minimum expected cell frequency is 30.0.

The p-values resulted as 0.484, 0.204, 0.415, 0.185, 0.525, 0.424, 0.878, and 0.343 for different chosen variables
like 11d, 11a, 10j, 10i, 10g, 10d, 10c, and 8d, respectively. However, all these social and economic factors have
significant p values higher than 0.05 signify that the null hypothesis was not disproved. Consequently, no
discernible differences existed. in responses for these questionnaires of “very high” to “low” and “strongly
agree” to “strongly disagree”.

4.6 T- test,Independent Samples
Non-parametric tests reveal that the data that are not regularly distributed for multiple independent samples are

useful to evaluate whether a particular variable differs between multiple variables.

Test Statistics®®
@10cImprov | @10dAdvan | @10gLessbu | @10ilncreas | @10jComfor | @11alncreas | @11dReduc
edqualityofli | cedcommuni | rningofkeros | edefficiencyi | tablelife edhouseholdi | edenergyexp
fe cation enelampsand | ndoingdomes ncome enses

wicks ticworks

Chi- 3.192 4.991 3.105 2.314 6.076 1.192 2.630

Square

df 3 3 3 3 3 3 3

Asymp. .363 172 .376 .510 .108 755 452

Sig.

a. Kruskal Wallis Test
b. Grouping Variable: @8dItdoesntoccupyalargespaceathome

The Test of Kruskal Wallis was carried out to figure out the significance of multiple independent factors. and
obtained results as shown in the above table. The p-value was displayed, i.e. asymptotic is appropriate for a
large sample. The Sig. values were 0.363, 0.172, 0.376, 0.510, 0.108, 0.755, and 0.452 for 10c, 10d, 10g, 10i,
10j, 11a, and 11d, respectively that depicts there were no significant outcomes. Therefore, no significant
difference of independent variables resulted, such as improved quality of life, advanced communication, less
burning of kerosene lamps and wicks, increased efficiency in doing domestic work, comfortable life, increased
household income, and reduced energy expenses with the variable of not occupying large spaces at home.

4.7 Analysis of Variance
To test the significant difference in social and economic effects of the use of renewable energy systems like
BIPV at low-income houses, the Friedman test was conducted. It was used for the repeated measures of analysis
of variance to test the null hypothesis of whether the multiple responses of the same population [42],.

Statistics ~ ®t

N 150
Chi-Square 22.356
df 7
Asymp. Sig. .002

a. Friedman Test
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The results of the Friedman test yielded a p-value of 0.002, which is less than 0.05. It indicates that there was a
substantial distinction between these categories.
4.8 Correlation Analysis
It is appropriate to evaluate the correlation between the socio and economic effects of implementing renewable
energy systems like BIPV at low-income houses [32],. However, Spearman’s test was conducted as the data is
non-normal and It's useful for evaluating the degree to which one independent variable affects another
dependent variable.
Correlations

@8dItd | @10cim | @10dA | @10gLe [ @10ilnc | @10jCo | @11laln | @11dR
oesntocc | provedg | dvanced | ssburnin | reasedef | mfortabl | creasedh | educede
upyalarg | ualityofl | commun [ gofkeros | ficiencyi | elife ousehol [ nergyex
espaceat | ife ication |enelamp [ ndoingd dincome | penses
home sandwic | omestic
ks works
Correlation ] 1.000 .021 .027 .046 .081 .081 -.013 .068
@8dltdoesntocc  Coefficient
upyalargespace  gjg. (2-tailed) | - .803 741 579 .323 .325 .875 405
athome
N 150 150 150 150 150 150 150 150
Correlation .021 1.000 .086 .059 135 .165" -.071 .077
Coefficient
@10cImproved
qualityofFI)ife Sig. (2-tailed) | -803 . .295 471 .100 .044 .388 .350
N 150 150 150 150 150 150 150 150
Correlation .027 .086 1.000 .128 -.050 .098 1727 .198"
Coefficient
@10dAdvanced
communication Sig. (2-tailed) | -741 .295 . 119 .547 .233 .035 .015
N 150 150 150 150 150 150 150 150
Correlation .046 .059 128 1.000 121 -.018 -.024 .054
@10gLessburni  Coefficient
ngofkerosenela  gjg (2-tailed) | -579 A7l 119 . 139 .823 .768 .509
mpsandwicks
Spearman N 150 150 150 150 150 150 150 150
's rho . d Correlation .081 135 -.050 121 1.000 -.019 134 -.014
e, Cotiien
gdomesticwork  Sig. (2-tailed) .323 .100 547 139 . .818 .103 .867
S N 150 150 150 150 150 150 150 150
Correlation .081 .165" .098 -.018 -.019 1.000 1617 -.068
. Coefficient
%il%comfortab Sig. (2-tailed) | 325 |.044  |.233 |82 818 | 049 |.410
N 150 150 150 150 150 150 150 150
Correlation | -.013 -.071 1727 -.024 134 1617 1.000 .019
@11alncreased Coefficient
householdinco  gjg. (2-tailed) | -875 .388 .035 .768 .103 .049 : .815
me
N 150 150 150 150 150 150 150 150
Correlation .068 077 .198" .054 -.014 -.068 .019 1.000
Coefficient
@11dReducede
nergyexpenses  Sig. (2-tailed) 405 .350 .015 .509 .867 410 .815
N 150 150 150 150 150 150 150 150

The 0.05 level (2-tailed) of significance for correlation is met.
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Spearman's correlation coefficient values for each questionnaire were lower than 0.4 which indicates a weak
positive relationship between 10c, 10d, 10g, 10i, 10j, and 11d except for 11a (-0.013). Further, the significant
values of independent variables need to be considered to determine the relationship between socio and economic
factors and renewable energy system installation which does not occupy a large space. The results indicated that
the statistically significant values approach 0.05 for all questionnaires[47]. Therefore, there was no relationship
between these variables, such as improved quality of life, advanced communication, less burning of kerosene
lamps and wicks, increased efficiency in doing domestic work, comfortable life, and reduced energy expenses
with the factor of not occupying large spaces at home. Hence, it was not required to perform a regression
analysis to evaluate the correlation between socioeconomic factors and residential solar panel usage [46].

5. Conclusion
Saudi Vision 2030 necessitates a transition to renewable energy systems to mitigate climate change and enhance
energy security. This study contributes to this imperative by investigating the socio-economic and
environmental impacts of Building-Integrated Photovoltaic (BIPV) systems in low-income households within
the Al-Suwaidi district of Riyadh[48]. The decentralized energy system can improve the power supply and
lower carbon emissions. This study focuses on evaluating the real-world implementation of Building-Integrated
Photovoltaic (BIPV) systems among low-income families in the Al-Suwaidi district of Riyadh. It explores the
potential of community energy schemes to foster the wider adoption of renewable energy technologies such as
BIPV. The research findings indicate that many respondents experienced significant socio-economic benefits
from utilizing solar systems in their homes. These benefits included improved quality of life, reduced space
requirements, increased efficiency in domestic tasks, enhanced communication, decreased reliance on kerosene
lamps and wicks, reduced energy expenses, and increased household income.
In this study, a series of questionnaire surveys were used to determine the participant views on using renewable
systems and understand their socio-economic behaviours with the use of BIPV systems. Most participants
(41.33%) used renewable energy systems at their houses and gained benefits. In resonance with this, the
participants chose solar BIPVs because they can be available at affordable prices as one of the prime reasons.
The participants were asked to share their opinions regarding social and economic benefits on a 0.5 scale from
“strongly agree” to “strongly disagree” and environmental benefits on a four-point scale from “very high” to
“low”. The descriptive analysis and test of normality were conducted that revealed the chosen random sampling
data was not distributed normally based on the Shapiro-Wilk test. Then, Cronbach Alpha test results evident that
some environmental, economic, and social factors passed the reliability, such as does not occupy large spaces at
their homes, increased household income, reduced energy expenses, increased efficiency in domestic works, less
burning of kerosene lamps and wicks, advanced communication, and improved quality of life. The chi-square
test resulted in insignificant differences in responses for social, economic, and environmental factors while the
Kruskal-Wallis test revealed no significant differences between social and environmental factors. Furthermore,
Based on Friedman's test, a significant difference was observed between social and environmental aspects of the
use of solar BIPV systems[49]. Furthermore, the correlation analysis results demonstrated that all social and
economic factors like advanced communication, increased efficiency in domestic works, reduced energy
expenses, less burning of kerosene lamps and wicks, and improved quality of life except the increased
household income were weakly correlated with the environmental factor of not occupy large spaces[50]. In
addition, these social and economic factors were not related to the aspect of not occupying large spaces because
of higher significant values than 0.05. Therefore, this study determined that no socio-economic effects resulted
regarding the environmental factor of occupying large spaces in low-income houses in the Al-Suwaidi district.
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