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ABSTRACT

The residential sector is one of the most energy-consuming sectors in Saudi Arabia. As
the issue arose, the government of Saudi Arabia realized the possible negative consequences and
started to set plans to empower alternative clean energy sources. Solar energy could be one of
the most efficient types of renewable energy production in Saudi Arabia due to its geographical
nature. Despite this, homeowners in Saudi Arabia need assistance to decide on the adoption of
the solar system as an energy source; this is due to their lack of knowledge of the factors that
can affect the solar energy system. This fact became evident in the actual number of solar energy
users, which is no more than 1.6%. This research paper aims to investigate the factors that affect
homeowners' decisions to switch to solar energy in Saudi Arabia. From 418 homeowners'
responses, the analysis revealed that the most significant factors affecting the consumption bill
are the house age and area, the number of rooms and residents per house, household income,
and the number of refrigerators, heaters, and air conditioners. These factors are then used to
develop a framework that would help individuals decide whether to use solar energy or to stay
and use traditional electrical power.

Keywords: Decision-Support Framework, Solar System Installation.
INTRODUCTION

In recent years, the global demand for renewable energy is growing due to the increasing
population and electricity consumption (Renewable Energy, 2021). The excessive use of
electricity has led to a rise in global warming, which has also led to serious environmental and
energy problems (Lu et al, 2020). According to Emissions nearly two-thirds of all CO;
emissions come from the energy sector, which is causing global concern Emissions
Consequently, the world's attention has been turning to generate energy from clean and
renewable sources (Mosaad et al, 2019). Renewable energy can be generated from natural
environmental sources such as solar energy, wind energy, and water energy. In 2018, renewable
energy accounted for 26.2% of worldwide power generation. By 2040, the rate is anticipated to
climb to 45%. Solar, wind, and hydropower are anticipated to account for the majority of the
energy growth (Renewable Energy, 2021).
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During the last five years, the Saudi Arabia government has given a high priority to the
transformation to renewable energy generation. It is an essential goal of the Saudi Vision 2030,
with the aim of producing up to 9.5 gigawatts of electricity by 2023. Indicators of Renewable
Energy in Saudi Arabia 2017. Therefore, Saudi Arabia has taken serious steps to shift toward
renewable energy by launching the National Renewable Energy Program (NREP) which is
supervised by the Ministry of Energy (MOEnergy). This program aims to reduce the use of oil as
a primary source of energy and increase the production of renewable energy (Abdel-Baky &
Garcia, 2021). Among the various renewable energy sources, there is a great opportunity to
benefit from solar energy solutions in the Kingdom of Saudi Arabia due to the characteristic
climate and geographical location. Statistically, the average daily solar radiation is 5.2 kilowatts
/m2, and the annual average is over 2118 kilowatts/m2 (Qattan & Bakri, 2021).

Since the residential sector has a significant influence on electricity consumption, it must
be central in the renewable energy transformation plan. Saudi Arabia revealed that the residential
sector's consumption of electricity in 2010 was 109,021 GWh, while in 2018 it was 130,428
GWh, which constitutes 43% of the total consumption rate (Indicators of Renewable Energy in
Saudi Arabia 2017. This growing demand prompted the Saudi government to adopt legislation to
allow homeowners to use solar energy sources as a full or partial alternative to the traditional
electrical power in their homes. Even though more than 50% of Saudi homeowners are interested
in using solar energy to generate household electricity, there is a lack of individual knowledge
about the factors affecting the solar energy system (Total Electrical Energy Consumption, 2021).
Moreover, there are many misconceptions held by individuals in this regard. Most notably, they
believe that using solar energy has always been an economically efficient solution. Indeed, the
effectiveness of the solar energy system is influenced by many factors, and it may have negative
economic effects on the homeowner in some cases (Algahtani & Balta-Ozkan, 2021).

The purpose of this research study is to shed light, identify, and analyze the main factors
that affect the individuals' decision to move toward solar energy. Designing and developing a
decision-making framework would help individuals in making the right decision of whether to
use solar energy or to stay and use traditional electrical power. The usefulness of this framework
can aid both current homeowners and those who are planning to build or own a home, which is
the contribution of this study. Section 2 focuses on the literature related to this study to explore
and discuss factors in more detail. Section 3 illustrates the methodology of this research. Section
4 presents and discusses the results, and Section 5 concludes the work.

LITERATURE REVIEW
The Feasibility of Rooftop Solar Panels in the KSA

The building's roof is the best and most common area to install solar panels because of its
direct connection to the sun, rainfall, and the environment Movahhed. Therefore, several studies
have focused on the feasibility of rooftop solar panels in the building sector in Saudi Arabia. In
this regard, the investigation takes three aspects into consideration, which are: the economic
feasibility in terms of the amount of energy produced and the percentage of financial savings; the
city and its climate in which the case study was applied; and the type of building, as it is closely
related to the amount of energy consumption. In terms of cities, this investigation takes place
throughout Saudi Arabia: northerly in Neom and Arar, westerly in Jeddah, and Riyadh in the
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central region. It also covers several types of buildings including residential buildings
(apartments, villas, duplexes, and traditional houses), schools, and mosques.

In 2021, Qattan and Bakri carried out a case study on a duplex villa in Jeddah. The
authors made a simulation of the building using the DesignBuilder program. The simulation
results showed the high feasibility of installing solar panels on the roof, as they met more than a
quarter of the energy consumption during the year (Qattan & Bakri, 2021). Another analysis
conducted in NEOM aimed to find the best way to make NEOM a city with net-zero energy
buildings (Algahtani & Balta-Ozkan, 2021). The study relied on simulation systems as well,
using the Homer Pro program. The analysis concluded that the use of solar panels is feasible in
terms of energy production, as the production reached approximately 68% of the total
consumption. However, in terms of economic feasibility, they had another opinion; they found
that the system was not economically feasible with the current tariff of electricity in Saudi
Arabia, which is $0.06 kWh. The study suggested using the Chinese electricity tariff of $0.08
kWh to make the project economically feasible. Based on the studies reviewed in this field, the
lack of economic feasibility is due to the use of batteries in the solar system, which raises the
total cost of the system (Algahtani & Balta-Ozkan, 2021).

In the school sector, a study was conducted in the city of Arar, aiming to provide a new
approach to the design and construction of school buildings (Alfaraidy & Sulieman, 2019). A
school building was selected to study energy consumption in detail. The study concluded that the
use of the solar energy system was economically feasible, as it saved approximately 99,201 SAR
out of 138,681.3 SAR in the total annual electric bills (Alfaraidy & Sulieman, 2019). A
technical-economic analysis was conducted in 2017 on the roof of a mosque in Riyadh
(Elshurafa et al, 2019). This analysis includes the study of the feasibility of the solar energy
system with consideration of the Net Energy Metering Mechanism (NEM). NEM allows
homeowners who produce their own electricity with solar systems to sell their surplus energy
back to the grid in exchange for credit. They found that the bill would be cut in half if some
advance planning were incorporated into the early stages of building the mosque. Moreover, the
solar energy system could reduce the electricity bill to zero. All previous studies prove the
economic and technical feasibility of solar energy systems on the roofs of buildings. In addition
to the findings in these studies, the solar energy system is supported by the Saudi government
(Elshurafa etal., 2019).

Factors Affecting Solar System

The factors affecting the solar energy system are closely related to the factors that affect
the consumption of electricity. Several studies have been conducted to analyze the factors that
influence household electricity consumption and the cost of electricity bills. These studies have
also recommended and suggested several strategies to mitigate consumption to improve usage
and lower costs. This section in this regard explains which factors have the most significant
impact on electricity consumption.

A study was conducted to investigate the factors that influence household electricity
expenditure in Palestine, focusing on the relationships between monthly income, the number of
family members, bedrooms, rooms, and household electricity expenditure (Abdel & Ayyash,
2019). According to the author, the number of bedrooms and rooms, total expenditure on goods
and services, monthly income, and the number of family members are all positively connected
with housing electricity spending. Also, looking at the type of material used in the construction
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of external walls, the analysis concluded that houses that adopt concrete in constructing exterior
walls have the lowest electricity expenditure. Thus, the material used in construction is also
considered another factor that influences household electricity expenditure (Abdel & Ayyash,
2019). In 2020, a quantitative study was conducted to analyze and discover the domestic
consumption factors and energy usage intensity to create prediction models (Awan & Kbnight,
2020).

The findings suggested that knowing the number and types of appliances and lights, their
installed power ratings, the number of air conditioned rooms, and their area (focusing on
cooling) can considerably forecast annual electricity demand per family and capita (Awan &
Knight, 2020). Another study that was conducted in China proposed a method to determine the
most important variables from many potential effect factors on energy consumption (Yu et al.,
2017). A wrapper feature picking model based on a genetic algorithm was used to determine the
main factors of home electricity consumption levels and understand their effect mechanisms. The
resut had shown that the number of bedrooms was an essential factor in determining the
variation in power consumption, while the gender of the householder had a minimal effect. The
occupancy hour and frequency of appliance use increased as the household size grew. In
addition, the number of people under the age of 15 was the second major factor positively
associated with household power usage (IEA, 2019). Residential electricity consumption
appeared to be lower in households occupied by intellectuals than in homes occupied by family
members with no formal education. The impact of high electrical energy demand increased as
the total number of gaming consoles and televisions increased in the appliance subgroup.
Households who cooked or heated using electricity were found to be about two times more likely
to be high electricity consumers than those who cooked or heated with other energy sources (Yu
etal, 2017).

A study that aimed to investigate the factors of household electricity consumption was
conducted in Korea (Kim, 2020). This study utilized both Ordinary Least Squares (OLS) and
quantile regression to analyze the factors that influence power consumption. The findings
revealed that the impacts of socio-demographic, housing, and electrical consumption factors on
household electricity consumption varied between two regressions and among quantiles. In all
quantities, they discovered that the age of the household head, the number of households, the
dwelling area, the refrigerator usage time, and the number of household appliances were
significant and increased electricity consumption (Kim, 2020). This was similar to the findings in
another study looking at the models and factors related to economic, socio-demographic, and
building characteristics for estimating electricity consumption in residential buildings in London
(Gassar et al., 2019). The analyzed factors which were determined in this new study as the most
influential in consumption were building properties, household income, appliances, and rooms
(Gassar et al., 2019). Two statistical models were built to address the most significant factors
influencing electricity consumption in Greece (Kotsila & Polychronidou, 2021). The major
factors with a high impact in this study were the number of residents, the size of the house, the
type of heating, the heating and cooling hours, and the weather conditions (Kotsila &
Polychronidou, 2021). Both urban and non-urban household electricity use and the factors
associated with them were examined in Sri Lanka (Suresh, 2019). The findings demonstrated
that factors such as school year, household size, home attributes, and household appliances
significantly impacted power consumption (Suresh, 2019). A study analyzed residential building
electrical consumption patterns in the Kingdom of Saudi Arabia, concentrating on the Al-Qassim
region (Esmaeil et al., 2019). The analysis revealed that the building has little influence on
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household energy consumption, except for villas, which have a higher consumption during the
hot summer season. Occupant behaviors and meteorological circumstances also influenced
consumption and the technical conditions of both building envelopes and air conditioners, setting
the temperature point. Table 1 illustrates the factors considered by the studies. Almost all of
them agreed on the following significant factors: house size, number of household members,
rooms, income, and use of appliances (Esmaeil et al., 2019).

Table 1
FACTORS AFFECTING SOLAR SYSTEM

Reserach Studies that

Factors The Effect of The Factor on Energy Consumption Considered These Factors
With increases in house's area, the consumption of electricity E;‘bKd?I & Ayya.sh, 2019_’ Awan
. . night, 2020; Esmaeil et al.,
House Size would increase. If t_he square meter area increases by 1m2, the 2019° Kim. 2020: Kofsila &
monthly consumptionwill increase by 1.389 kWh, and the ’ : o
: - Polychronidou, 2021; Suresh,
yearly consumption will increase by 0.3 2019)
Number of The number of family members is associated with the (E";\vazgilggtﬁlgg(t)’épz&ssar ot
Household expenditure on electricity at home. It would raise the occupancy R . :
Members hour and frequency of appliance use al,, 2019, P.('m’ 2020, Kotsila &
) Polychronidou, 2021)
The number of rooms in the house has aconsiderable impact on | (Abdel, 2019; Awan and
Number of energy consumption, requiring more home applications. Since Knight, 2020; Kim, 2020;
Rooms the number of rooms in a house increases by 1%, theelectricity | Kotsila and Polychronidou,
expenditure increases by 9.8%. 2021)
Household income has as_lgmflca_nt and posmve_lmpact on (Awan & Knight, 2020; Gassar
Monthly power usage as it is associated with more extensive, warmer e ' :
. - - Lo etal., 2019; Kim, 2020; Kotsila
income houses with more appliances. The studies indicated that when & Polychronidou, 2021)
monthly income rises by 1%, power usage increases by 4.9%. y '
The number of bedrooms has the most significant impact on the
Number of difference in electricity consumption. Bedrooms would increase
bedrooms the need for lighting, heating, and cooling in each room in (Abdel & Ayyash, 2019)
dwellings.
Geographical | Electricity consumption may vary depending on region, (Ei\:wg::lggg)llygi)q;oégyresh
location geographic location, and climatic conditions. 2019) N ' '
Bxpenditure . . ) (Abdel & Ayyash, 2019; Awan
on electricity ;mﬁj 2?§eudn'é§%?1§;1rggg iin:ntgr(;f/e(:\ger:lstzr;gtvi\ghr:Ch the costis & Knight, 2020; Esmaeil et al.,
(Bill) ' 2019)
Number of
appliances Electricity consumption is greatly influenced by the number of (Awan and Knight, 2020; Kim,
and hours household applications and the number of hours used per day. 2020; Suresh, 2019)
used *
Electricity (Awan & Knight, 2020;
uses per The amount of consumption is expressed in kilowatts. Esmaeil etal., 2019; Kim,
month(kwh) 2020)
House The results revealed thatthe_housevarles in consumption from (Abdel, 2019; Esmaeil et al.,
material type one typeto another. !Dependlng on the surjface an_d floor type, 2019; Kotsila & Polychronidou,
and age the cooling a_nd heating system consumption varies. Also, older 2021)
houses consistently consume more energy than new houses
Sex and age | The age of the head of the home may aid in reducing or
of increasing energy consumption. For example, the number of (Kim, 2020; Kotsila &
householder' | people under 15 is a significant factor positively associated with | Polychronidou, 2021)
s members electricity consumption.
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Educational The residential power consumption level of high educational (Kim, 2020; Kotsila &

households appears to be lower than low educational Polychronidou, 2021; Suresh,
level

households. 2019)

Floor variations may result in varying energy consumption and (Kotsila & Polychronidou,
Floor :

requirements from one floor to another. 2021)
Type (villa, Villas have somewhat higher consumption during the hot (Esmaeil et al., 2019; Kotsila &
flat) summer season. Polychronidou, 2021)
Isolat_ed Th(_a use of |solat|o.n materlal_s .reduces energy consumptlon (Esmaeil et al,, 2019)
materials while also enhancing the efficiency of electrical appliances.

*(Air conditioning, cooling systems, number of lights, TV, washing machines, dishwasher, vacuum
cleaner, PlayStation, heater, oven, and refrigerator).

METHODOLOGY

The main aim of this research study is to design and develop a decision-making
framework that would help individuals in making the right decision of whether to use solar
energy or to stay and use traditional electrical power. To reach this aim, this study followed a
phased approach (as shown in Figure 1). As a first step, it relied on the literature review to
extract the influencing factors. Then, a quantitative approach was used to collect data. Hence,
statistical methods were applied to analyze the data. These phases will be discussed in detail in
the following subsections.

2 4 6 - 8 10
-Literature -Quality «pilot «Collect <Analyis )
Review *Factor aesesmEnt ~Initial Study <Fainlize and data =Cleaning data *Develop
Extraction | 1 | surve v distribute data framework

1 3 design 5 o 7 9

FIGURE 1
RESEARCH STUDY PHASES
Search Strategy

The research process followed a defined and sequential three-stage approach of literature
review, factor extraction, and quality assessment. In the literature review stage, several free-
access search engines were used (IEEE Xplore and Google Scholar) to search for relevant and
recent studies. Basically, the researchers of this study focused on studies over the past 3 years
(2019-2021) to maintain up-to-date information. The selection of studies depended on the
following criteria: direct relevance of the study, recent publication date, clarity of the inferred
factors, and their impact. The literature included studies that were conducted in the investigation
of geographical, behavioral, and environmental factors that affect energy consumption,
electricity bills, and solar system efficiency. This search was based on several key terms,
including “electricity consumption factors”, “Household Electricity Analysis”, “Electrical energy
consumption”, “residential electricity consumption analysis”, “Analyze factors of household
electricity consumption” and “Statistical analysis for factors affecting energy consumption”. The
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references of the selected studies were also searched to ensure the comprehensiveness and
accuracy of the research.

In the extraction stage, the literature and extracted the factors were manually reviewed.
To enhance the accuracy, two investigators independently conducted the data extraction (S.R. &
Z.S.) and then the extracted data were compared. As a result, a list of well-known and well-tested
factors was created, in addition to the effects of each factor and the extents of their impact. The
extracted factors are the basis for this research; thus, the process of evaluating their quality is
essential. In the quality assessment stage, two electrical engineers with more than 10 years of
experience in their field were interviewed, and the data from these interviews was presented for
assessment. The experts expressed their agreement on these factors, and they also added some
other factors that would improve the results of the study, such as "the electric tariff has an
important role in the cost of electricity."

Survey

To collect relevant data, an online quantitative survey which aims to understand the
extracted factors and its impact on energy consumption was created and published. The data was
collected from 418 homeowners from the various regions of Saudi Arabia previously mentioned.
Based on the target audience of the survey, the survey was developed in Arabic. This survey's
study population included the owners of Saudi residents to collect the required data. The study
population included the owners of all types of residential units in Saudi Arabia, including those
owning villas, apartments, and popular houses with a total of 2,285,786 houses. Yamane’s
formula (1) was used to calculate the required sample size (Adam, 2020).

N
n-=— — —
1+ N(e)’

Where n is the required sample size, e is the precision level, and N is the population size.
Yamane's equation was applied using the following identifiers: N=2285786 and e= + 5% where
it is an acceptable precision rate in the social research Taherdoost, 2017. It was concluded that to
achieve the required precision level, the sample size must not be less than 400. Consequently, the
study sample consists of 418 homeowners from the various regions of Saudi Arabia.

Survey questions are designed to study and understand the extracted factors and its
impact on energy consumption. The factors were classified into 5 groups according to the
relationships between them: "Geographical Location Factors”, "House Specification Factors",
"Households' Behavior and Consumption Factors”, "Electricity Bill Factor”, and "Home
Appliance Factors”. According to this classification, the survey consists of 5 sections each,
including questions about related factors belonging to the same classification. The survey is
based on closed-ended questions, the majority of which are multiple-choice questions (11 out of
17), and the rest are short answer questions (6 out of 17). Figure 2 illustrates the survey structure.
The survey was evaluated by an assistant professor with more than 5 years’ experience in the
research field. Then, a pilot study was conducted which involved 15 homeowners of the target
audience. They answered the survey and were asked 3 questions for the purpose of evaluation,
which are, “Are the questions direct and explicit?”, “Are the questions clear and
understandable?” and “Are the questions easy to answer?” The results obtained indicate that the
questions were straightforward, clear, understood, and easy to answer, where 86% answered yes
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to the first two questions, and 93% found that the questions were easy to answer. However,
through the direct contact with the participants, the researchers of this study realized that the
answerability increased when the survey starts with the easiest questions. Consequently, the
order of some questions in the survey was changed (Question Pro, 2021).

* Region * House age * Number of house + Average montly bil
* House area * Number of rooms member rmer
* Isolation « Manthly income

* Air conditioning

* Heater

* ‘Washing machines
* Refreigrator

* Lights

FIGURE 2
SURVEY STRUCTURE

Data Analysis

The data were collected, initially processed, and handled by Microsoft Excel. Then, the
collected data were cleaned, prepared, and analyzed using the Jupyter web tool with the Python
analytical libraries. In the cleaning stage, the columns that matched keywords in the Python
language were changed, the Replace function was used to convert devices list items to a number
that represents the length of the list, and the loc method was used to change the extreme values in
the area's column. An exploratory and statistical analysis was conducted to explore the
relationships between the factors. The goal of the exploratory analysis was to explore and
investigate  the  relationship  using visualizations and graphics. Based on the resulting
relationships, the Correlation coefficient method was applied. Correlation coefficients were
conducted to measure relationships between the factors and the consumption bill. A correlation
analysis is a statistical technique that measures the relationship's strength and direction between
two variables and measures their association (Correlation analysis: Analyze correlation between
two variables, n.d.). Considering the correlation coefficient varies from + 1 into O to — 1, a high
correlation between 0.4 points to 1 point indicates a strong relationship, whereas a low
correlation indicates a weak relationship. Two methods of correlation were applied: Spearman
and Pearson. The difference is that in Spearman, the factors tend to change concurrently, but not
certainly at a constant rate.

RESULTS

The consumption bill for both the summer and the winter seasons is the main factor and
the base of the analysis, so it is considered as the base factor. The exploratory and statistical data
analysis proves that the factors that affect the consumption bills the most are house age, the
number of rooms and residents per house, the household income, and the number of
refrigerators, heaters, and air conditioners. The relationship between the bill cost and the house
age, the income, the number of rooms, and the number of residents in the summer is illustrated in
Figure 3.

8 1532-5806-26-S1-001

Citation Information: Alsuhemi, RA., Alsaedi, S.M., Zarbah, S.M,, Bitar, M. & Fakieh, B. (2023). Development of a Decision-
Support Framew ork of Factors Affecting Solar System Installation in Saudi Arabia. Journal of Management
Information and Decision Sciences, 26(S1), 1-15.



Journal of Management Information and Decision Sciences Volume 26, Special Issue 1, 2023

FIGURE 3
RELATIONSHIPS BETWEEN FACTORS AND SUMMER BILL 1-2

Also, Figure 4 represents the relationship between the number of air conditioners,
heaters, refrigerators, and all appliances' factors with the summer bill. As observed from the line,
the increase in the number of devices increases the cost of the bill. This is due to the increase in
the number of devices causing an increase in watt consumption.

FIGURE 4
RELATIONSHIPS BETWEEN FACTORS AND SUMMER BILL 2-2

The winter bill is also affected by the same factors but at a lower rate than the summer
bills. The relationship of house age, income, number of rooms, and residents with winter bills is
shown in Figure 5.

Continually with the winter bill, the number of air conditioners, heaters, refrigerators, and
all appliances’ relationships are represented in Figure 6. The analysis results for the appliances in
the winter are rather ambiguous because the increasing rate is not constant.
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FIGURE 5
RELATIONSHIPS BETWEEN FACTORS AND WINTER BILL 1-2

This ambiguity appears clearly in the top two figures (Figures 5 and 6) because people
vary in using air conditioning in the winter; this led to mixed results, which affected the
relationship result of all devices. In comparison, the relationship of refrigerators and heaters was
more apparent because of the permanent use of refrigerators and the increased use of heaters
during the winter.

FIGURE 6
RELATIONSHIPS BETWEEN FACTORS AND WINTER BILL 2-2

As it turns out, each region has a different consumption rate depending on its solar
radiation. Figure 7 shows the average consumption based on solar radiation in both the summer
and the winter for each region. It is shown that the southern region has a lower consumption bill
cost in the summer, along with the eastern and western regions in the winter, whereas the
northern region has the largest consumption bill cost in both the summer and the winter.
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Bills Per Solar Radiation and Region Bills Per Solar Radiation and Region
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FIGURE 7
THE AVERAGE CONSUMPTION BASED ON SOLAR RADIATION IN BOTH
SUMMER AND WINTER

After studying the relationships between the factors and their impact on the main factor,
which is the consumption bill, the second stage in the analysis was to find out the extent of
influence for each factor using correlation analysis. Two methods of correlation were applied:
Pearson and Spearman. According to these methods, all of the significant factors mentioned
above have shown a positive relationship with the bill cost. The results of the positive
relationship were higher in the Spearman than in the Pearson correlation. However, both
revealed that the income, house area, air conditioners, all appliances, and the number of residents
all have a very high positive rate with the bill cost.

Homeowner income is a significant factor that affects the bill cost; the analysis revealed
that it also affects almost all other factors. Thus, if the income increases, it increases the number
of rooms and residents, home appliances and different lighting types. Using the results obtained
from factor analysis, this paper’s researchers studied the factors considering the solar energy
system aspect and discovered what factors could affect the individual’s decision to switch to the
solar energy system. Basically, the solar energy system has three parameters that must be taken
into consideration before deciding. The following subsections explain each of these parameters
and the factors related to them.

Space to Install the System

In general, the required size of the solar system depends on the solar radiation of the
geographical location, as it is measured in Kwh/m2. For example, a square meter in the north of
Saudi Arabia can produce an amount of energy that differs from a square meter in the south.
However, the results of the analysis showed that solar radiation is not the only influencing factor.
The required size of the solar system is also closely related to two other factors: the electricity
bill and the house size. The higher the cost of the consumption bill, the larger the required solar
system size. As for the house size factor, according to Saudi regulations issued by the Ministry of
Municipal and Rural Affairs and Housing (MMRAH), the solar energy system must be installed
on the roof area of the house, provided that a distance of 1 meter is left from the walls from all
sides (Ministry of Municipal, Rural Affairs and Housing, 2021). Thus, the available space on the
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roof affects the possibility of installing the solar energy system, thus explaining how the house
size factor can influence the decision.

The Total Cost of the System

As in the required size, the total cost of the solar energy system is influenced directly by
the cost of the consumption bill. The higher the rate of consumption, the greater the total cost of
the system to meet consumption needs. Going back a step, the cost of the electricity bill itself is
affected by the income, as was evident in the results of the analysis. Thus, it can be concluded
that the individual's income is one of the biggest factors that affect the decision to switch,
because it is reflected on the individual's ability to meet the cost and requirements of the system.
It also has an implicit effect on the value of the bill, as mentioned earlier in the results of the
analysis.

Economic Savings

To find out the extent of the economic savings that the solar energy system will achieve,
the return on investment (ROI) should be calculated. The ROI value depends on two factors: the
value of the annual electricity bill, and the total set-up cost of the system. As mentioned earlier,
the lifetime of the solar energy system is 25 years. So, if the result of dividing the set-up cost on
the annual bill is less than 25, then the electric energy for the remaining years until the end of the
lifetime of the system is reached is free. According to the studied sample, the ROI results ranged
from 7 to 23 years; this disparity was due to the difference in the annual consumption. Last but
not least, the geographical area plays a major role in influencing the decision of individuals. For
example, as previously shown in the results of the analysis, homeowners in the southern region
have a lower consumption rate than those in the other regions (see Figure 8). Thus, geographical
area will also affect the system set-up cost and the value of the ROI. To prove the variation that
this factor can make, Table 2 shows an example from the studied sample of homeowners from
each region of Saudi Arabia. Although they have the same house area, they differ in the cost of
the consumption bill, and therefore the value of the ROI.

Table 2
SAMPLE FROM EACH REGION OF SAUDI ARABIA

Region House Area (m2) ROI
Southern Region 300 7
Northern Region 300 15
Eastern Region 300 13
Central Region 300 13
Western Region 300 11

Moreover, following the previous analyses and calculations, the main aim of the research
is to develop a framework that assists the decision-making of those who are going to purchase or
own a house to either install a solar system in full or in part, or not to adopt it at all. Thus, the
proposed decision-support framework in Figure 8 illustrates the stages that individuals should go
through before deciding. The first stage is to collect data related to the factors affecting the bill in
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a specific area. These factors were arranged in a framework according to the strengths of their
influence from high to low. The next stage is to analyze and calculate data in order to come up
with a bill estimate. Individuals would compute watt usage, solar system size, cost, and ROI
based on this information. The last stage involves decision-making, based on the outcomes of the
preceding stages.

. 11| runsotarsyste m ||  partiatsotar | | Noadoption of
stage adoption | | gystemadoption | |  solar syste m
nnnnnnnnn
solarsystem | [ Reauiredsize
ol — tar
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i of AC appliances
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Factors data

THE PROPOSED DECISION-SUPPORT FRAMEWORK
DISCUSSIONAND FUTURE WORKS

All homeowners could estimate the cost of the solar energy system and whether it is
affordable and suitable for their budgets or not, but for those who do not yet own a house, this
estimation may be a rather frustrating and hard process. Thus, the novelty of this research comes
down to where the usage of the proposed decision-support framework would assist people who
do not yet own a house in estimating the bill and then making a decision to adopt or not adopt a
solar energy system. The results indicate that there are significant factors that affect the bill cost;
that means when these factors increase, electricity bill cost will also increase. Consequently, it
affects the decision of whether to adopt the solar energy system or not.

In line with the previous research, this study’s finding was similar to those in some of the
previously mentioned studies, where some of these factors were considered to be significant and
positively affecting the electricity bill, such as house age (Fikru, 2019), household income (Guta,
2018). Moreover, these factors were classified according to their affecting priority from most to
least. Factors included in other research such as sex and age of house members (Kim, 2020;
Kotsila & Polychronidou, 2021; Yu et al., 2017), and their education level (Kim, 2020; Kotsila &
Polychronidou, 2021; Suresh, 2019; Yu et al., 2017) were not considered as significant factors.
Therefore, they were not included and studied in this research. Additionally, some of these
research studies were conducted in rural areas (Guta, 2018) and some in well-known cities and
countries (Alam et al., 2021; Algahtani & Balta-Ozkan, 2021; Esmaeil et al., 2019; Parkins et al.,
2018). However, other recent previous studies were focusing on understanding the factors that
affect the intention among households about the usage of photovoltaic solar technology.
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Examples of the extracted factors were cost awareness and governmental initiatives (Alam et al.,
2021). Other factors were consumer innovativeness, as well as perceived value Angowski.

As for the aim of this study in producing a framework that will help in deciding about
solar system adoption, the study’s researchers aspire to turn this idea into an mtelligent system
that helps decision-making without relying on prior bills. Thus, to achieve that, further studies
should consider the different types of solar energy systems and their variable costs.

Adapting solar energy has several benefits, one of which is to increase the community’s
resilience to any power outages or disasters (Patel et al., 2021).

CONCLUSION

Therefore, this research paper studied and analyzed the factors affecting -electricity
consumption in the Saudi residential sector and how these factors can guide individuals to adopt
solar energy or to continue using traditional electrical power. The analysis conducted on data
collected from 418 homeowners has shown that the factors affecting the consumption bills the
most are house age, number of rooms and residents per house, household income, number of
refrigerators, heaters, air conditioners, and the geographical location. Furthermore, the Pearson
and Spearman coefficient analysis showed that the factors with a very high positive rate are
income, house area, air conditioners, all appliances, and the number of residents. Based on the
analyzed factors, the framework was designed and developed as a guideline to be helpful to
current homeowners and to those planning to build or own a home. The framework consists of
three stages: collecting data, analyzing and calculating, and making decisions stages. Future
studies will use the proposed framework as a base to build an intelligent prediction system.
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