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ABSTRACT:

Discovering potential consumer preferences regarding the price to pay for solar panels is important for understanding the
challenges of the renewable energy market. Despite Saudi Arabia's favorable natural conditions for solar energy utilization,
the populace's participation remains low, with only 2% utilizing solar energy. This paper aims to evaluate the preferred price
by the potential consumers for rooftop solar panels within three distinct geographic scales in Saudi Arabia: a large urban area
(Riyadh City), a medium-sized urban area (Buraydah City), and the rural area of Al-Qassim Province. Through an online
survey conducted between November and December 2022, encompassing 1,647 respondents, data including various socio-
economic predictors, the built environment, social information networks, and institutional contexts were analyzed using a
chi-square test of association. Results indicated a prevailing preference among respondents across all areas to pay less than
5,000 SAR ($1,332), significantly below the estimated system cost. Key predictors linked to price preferences included
gender, income, and educational level. In addition, government fiscal incentives and environmental beliefs were significant
factors associated with the price preferences. The findings suggest the necessity of tailored strategies to stimulate renewable
energy demand in Saudi Arabia, accounting for regional disparities and individual characteristics.

Keywords: Residential Rooftop Solar Panels, Price, Saudi Arabia.

Introduction

In the 21st century, nations confronted numerous challenges stemming from escalating reliance on fossil fuels,
including climate change and the imperative for urban and economic sustainability (Gliney, 2019; Abbasi et al., 2022).
Renewable energy has emerged as the linchpin for a sustainable future, offering pathways to preserve the environment while
fortifying cities' resilience, both environmentally and economically, against the relentless surge in energy requirements
(Bilgen et al., 2004). Particularly in urban landscapes, where demands from residential and industrial sectors surge, the
adoption of renewable energy solutions transcends mere choice; it becomes imperative for securing enduring prosperity and
steering energy sourcing away from fossil fuels to meet future demands. Therefore, the participation of the population in the
transition to renewable energy is no less important than the efforts of governments to ensure sustainable growth (Pitt &
Michaud, 2015; Hao et al., 2020).

This paper focuses on evaluating the preferred price to pay for rooftop solar panels at three distinct geographic
scales in Saudi Arabia (e.g., large urban areas — Riyadh City; medium-sized urban areas — Buraydah City; and rural areas —
Al-Qassim Province). Saudi Arabia has good natural conditions for using solar energy, such as solar radiation (Almasoud &
Gandayh, 2015), but the population’s share in using solar energy is very low, amounting to only 2% of the total population
(General Authority for Statistics, 2023). The challenges related to the need to shift to renewable energy, and the population’s
currently low adoption rate for rooftop solar panels underscore the need to better understand the price preferences for such
panels since household financial constraints may stymie the spread of rooftop panels across different geographic settings in
the Kingdom of Saudi Arabia.

Previous research has pointed to social, economic, and technical factors related to adoption rates for solar energy.
However, most of these studies do not consider the impact of spatial context, which is especially true in research conducted
in Middle Eastern countries. Balta-Ozkan and Le Gallo (2018) have argued that the existing literature has overlooked the
role of spatial factors in shaping energy attitudes and perceptions. Moreover, previous research conducted in Saudi Arabia
related to the Saudi public’s attitudes toward solar energy mostly used a small sample or did not consider the spatial context
(e.g., Mosly & Makki, 2018; Makki & Mosly, 2020; Alrashoud & Tokimatsu, 2020).

This paper aims to address the critical gap in research related to possible consumer price preference differences for
rooftop solar panels in diverse geographical settings in Saudi Arabia. As the Kingdom embarks on its journey toward a
renewable energy future, understanding the potential consumer behavior and price preferences becomes essential for
policymakers, businesses, and investors (Ayodele et al., 2021). By highlighting the emerging solar market and identifying
key factors influencing consumer decisions, this research seeks to inform strategic initiatives that will accelerate the transition
towards a more sustainable future for Saudi Arabia.

In terms of the central research questions, it is hypothesized that the price preferences for rooftop solar panels will
be linked to several key factors, including diverse socio-economic predictors, variations in the built environment, the
institutional context, and various social information network effects. In detail, this paper aims to address the following
research questions:
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1- Is there spatial variance in the price preferences for residential rooftop solar energy panels across different

types of built environments in Saudi Arabia?

2- What are the key variables that are most associated with the price preferences for residential rooftop solar
energy panels in Saudi Arabia?

3- Is there spatial variation in those key factors most associated with the price preferences for residential
rooftop solar energy panels?

Literature review

Previous research has well demonstrated that behaviors and attitudes related to the acceptance of renewable energy
are complex and influenced by various factors (Faiers et al., 2007; Mills & Schleich, 2009; Claudy et al., 2011; Willis et al.,
2011; Ruokamo, 2016; Balta-Ozkan & Le Gallo, 2018; Karytsas et al., 2019). The literature has largely focused on the
willingness to adopt or willingness to pay, while fewer studies have addressed the potential consumer preferred price for
renewable energy. Previous research in Saudi Arabia indicated that the theoretical framework for the willingness to pay is
linked to attitudes regarding solar panel effectiveness in contributing to the house energy budget, the type of financial
incentives offered, and various individual environmental beliefs and concerns (Alwulayi & Debbage, in review). However,
existing literature indicates that the preferred price to pay for renewable energy is affected by four primary broad
determinants: socio-economic predictors (e.g., income, education, age), the built environment (e.g., urban vs. rural), social
information networks (e.g., peer effects, knowledge), and the institutional context and pricing (e.g., subsidies, tax reductions)
(Aravena et al., 2012; Soon & Ahmad, 2015; Zander et al., 2019; Mamkhezri et al., 2020).

The Socio-Economic Predictors

Numerous studies have investigated the influence and links between different socioeconomic variables, including
income, education, and age, on attitudes towards and utilization of renewable energy (e.g., Zografakis et al., 2010; Komatsu
etal., 2011; Karytsas & Theodoropoulou, 2014; Karytsas et al., 2019). In the context of emphasizing the link between some
socio-economic elements and attitudes towards solar energy, according to Zander et al. (2019), “early adopters and those
who initially intending to install solar PV systems can be characterised as being well educated and wealthy” (p. 329). Also,
some studies have shown that variables such as family size and gender are related to the willingness to pay for renewable
energy (e.g., Cheng et al., 2017; Ayodele et al., 2021).

Aravena et al. (2012) examined household preferences for various electricity generation sources in Chile, including
renewable energy sources (RES), finding that households were willing to pay an additional 3,401 CLP ($7.24) per month in
their electricity bill to support RES development. They observed a positive correlation between education and income levels
and the willingness to pay for RES, with higher-educated and higher-income individuals expressing a greater willingness to
pay. Conversely, they noted a negative correlation between age and willingness to pay, suggesting that younger individuals
were more willing to pay for RES compared to older individuals due to their better understanding of renewable energy.
Bergmann et al. (2008) utilized a Choice Experiment to explore an individuals' preferences to support renewable energy
projects in Scotland based on different criteria like and increase in the household electric bill from £0 to £45 a year. Their
study revealed that age and education significantly influenced support for renewable energy, with younger individuals and
those with higher education degrees more likely to favor such projects. However, income levels did not show a significant
impact on the choice, potentially attributed to the modest increase in electricity prices tested in the experiment, which
remained affordable to all respondents.

Zarnikau (2003) investigated the willingness to pay for electric utility investments in renewable energy and energy
efficiency resources in Texas. The study highlighted the influence of age, education, and income on the reported willingness
to pay for these investments, noting that respondents over 65 years are willing to pay $6.79 less compared to younger
respondents who showed greater interest in paying higher costs for renewable energy resources. Moreover, participants who
live in rented houses are willing to pay $2.16 more to support renewable energy resources compared to homeowners.
Additionally, Zarnikau (2003) found that the price to be paid for renewable energy resources tended to increase with income
and higher levels of educational attainment. Moreover, Wiser (2007) investigated the willingness to pay $0.5, $3, or $8/month
for renewable energy among U.S. residents based on survey data for 1,574 respondents. The study found that females are
likely to pay more for renewable energy, while respondents who have children tended to pay lower prices. Additionally,
older respondents tended to pay less, while respondents who had higher levels of education were more willing to pay more
for renewable energy.

Alwulayi Price Preferences for Rooftop Solar Panels in Saudi Arabia



http://www.ajsp.net/

2.2.

@AJSP

colellpiillamellalnoll

Ograad) g e.nm! aaad) — (el Jlaay)
2025 — b — 2 1 el gy 0

www.ajsp.net

ISSN: 2663-5798 || Arab Journal for Scientific Publishing

" P a e I
I o, i e s Y o (D .

Bigerna and Polinori (2014) explored the willingness to pay for green electricity based on a nationwide survey of
households in Italy. Their findings revealed a noticeable willingness to pay among Italian households for green electricity,
with estimated payments ranging from €4.62 to €8.05 every two months per household. They noted that age was negatively
correlated with willingness to pay, while income, education, and professional status positively influenced the willingness to
pay, indicating that younger individuals, higher-income earners, and those with higher education levels were willing to pay
higher prices for green electricity. Also, they found that males were willing to pay higher prices than females. Bollino (2009)
also investigated how much the consumers in Italy were willing to pay for electricity produced from renewable energy. The
study found that on average consumers were willing to pay an additional €9.11 on their electricity bill if the electricity is
generated from renewable energy sources. Also, Bollino (2009) found that participants with higher education, high income,
and also homeowners were willing to pay higher prices while females tended to be less willing to pay compared to males.

Zori¢ and Hrovatin (2012) analyzed the willingness to pay for electricity generated from renewable energy sources
in Slovenia. They found that on average the participants were willing to pay €4.18 more on the monthly electricity bill for
green electricity. The results showed that as age increased, the amount to be paid decreased from €4.62 for participants under
30 years of age to €3.35 for participants older than 60 years. Similarly, household size was negatively related to the
willingness to pay where households of 4 people are willing to pay more compared to households of 6 people or more. Also,
they found that females were willing to pay €0.68 more than males. Additionally, education and income also had a positive
impact on the amount to be paid, as they indicated that the amount increases with educational level and income level.

Longo et al. (2008) looked into the nuanced determinants of willingness to pay £6.5, £16, £25, and £38 every 4
months for renewable energy sources (RES) among residents of Bath, England. They found a positive correlation existed
between income levels and the willingness to pay. Also, they found that respondents who have a college degree and children
are willing to pay £45.54 for renewable energy sources in addition to their electricity bill. Zografakis et al. (2010) examined
public acceptance and willingness to pay for renewable energy sources (RES) in Crete. They found a positive correlation
between income level and willingness to pay where individuals with higher annual incomes are willing to pay higher prices
for RES compared to those of low incomes.

Built Environment

The built environment and spatial context are significant factors that can impact residents' perspectives on renewable
energy, influencing both the adoption rates and the price individuals are willing to pay for such energy sources, either directly
or indirectly (Zografakis et al., 2010; Zori¢ & Hrovatin 2012; Balta-Ozkan & Le Gallo, 2018; Ortega-lzquierdo et al., 2019).
Schunder et al. (2020) suggested that the “geographic context is a major determinant of rooftop solar adoption” (p. 2) as
location and its diverse elements can influence the rates at which solar energy is used, beginning with the geographic
positioning affecting solar radiation and extending to the size of the settlement area, where rural residents often have more
space for installing solar panels.

In their study, Bigerna and Polinori (2011) examined consumers' willingness to pay for electricity from green
energy, revealing a mean willingness to pay of €9.39. They observed that residents in North and Central Italy demonstrated
a higher willingness to pay for renewable energy, while those in urban areas with over 100,000 inhabitants expressed a lower
willingness to pay compared to residents of smaller towns. In investigating the willingness to pay for electricity produced
from renewable energy in Slovenia, Zori¢ and Hrovatin (2012) found a clear difference in the price to be paid between urban
and rural residents, as rural residents were willing to pay €0.93 higher than urban residents. Zori¢ and Hrovatin (2012)
indicated the reason that rural residents are willing to pay a higher amount is because “this part of the population is more
attached to nature and is thus more inclined to support various green programmes” (p. 186). Moreover, they also found that
the price to be paid varies depending on the characteristics of the home where the residents of single-family homes are willing
to pay €0.47 more than those who live in multi-family dwelling.

Mamkhezri et al. (2020) investigated consumer preferences and willingness to pay for renewable energy in New
Mexico. They found that urban respondents exhibited a higher willingness to pay for rooftop solar panels (i.e., $0.71)
compared to rural residents. Moreover, Soon and Ahmad (2015) used data from different studies to compare countries
regarding the willingness to pay for RES use. They found a difference existed between metropolitan residents in North
America and rural residents in Asia regarding willingness to pay where they are willing to pay $11.14 per month compared
to rural residents in Asia who are willing to pay only $2.27. They explained the difference between the residents in North
America and rural residents in Asia as differences resulting from exposure to information and knowledge related to renewable
energy.
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Bergmann et al. (2008) in an analysis of the willingness to pay between urban and rural residents for renewable
energy projects in Scotland found statistical differences based on the impacts of these projects. They found that rural residents
were willing to pay £1.08 more annually for solar projects than urban residents in order to create jobs in their areas. Similarly,
Entele (2020) investigated rural household preferences and willingness to pay for solar energy connections in Ethiopia,
uncovering a mean monthly willingness to pay of $12.5. However, disparities were observed across rural areas, with those
having access to cheaper energy sources demonstrating a lower willingness to pay for solar panels. Meyerhoff (2013)
examined the willingness of residents in Leipzig city and surrounding rural areas in Germany to pay €0, €1, or €6 more every
month for electricity sourced from renewable energy. Although the study did not specify the exact amount to be paid, it
highlighted distinct preferences between urban and rural residents, with urban residents exhibiting lower willingness to pay
compared to their rural residents. Meyerhoff (2013) suggested that the higher willingness to pay among rural residents could
be attributed to their potentially greater exposure to renewable energy projects in their surroundings compared to urban
residents.

Sun et al. (2023) examined provincial residents' willingness to pay for renewable electricity in China. They found
that the average willingness to pay for renewable electricity among Chinese residents was 0.85 yuan/kWh, exceeding the
current electricity price of 0.5 yuan/kWh. Additionally, urban residents generally exhibited a higher willingness to pay than
rural residents, and residents of larger houses displayed a positive correlation with the willingness to pay, indicating a greater
willingness to pay for renewable electricity. In their study, Maxim et al. (2022) aimed to determine the extent to which the
population in the northeast region of Romania is willing to pay a premium for the development of renewable energy. They
found that for scenarios such as independence from importing energy and creating new jobs, urban residents and individuals
living in apartments were willing to pay more, while rural residents were willing to pay less. Conversely, for the scenario of
reducing pollution effects, rural residents were willing to pay more.

Zografakis et al. (2010) aimed to analyze citizens' public acceptance and willingness to pay for renewable energy
sources in Crete. They found that the mean willingness to pay per household was €16.33 to be paid quarterly as an additional
charge on the electricity bill. Additionally, they found that respondents living in large houses were willing to pay more on
average for RES compared to those residing in small houses, which was an anticipated result given the implication of a high
welfare level associated with living in larger houses. Claudy et al. (2011) in a study on willingness to pay for renewable
energy technologies in Ireland found that the mean willingness to pay for solar panels is €6,207.80. They also found that
housing characteristics influenced willingness to pay, as owners of larger and newer homes are willing to pay a lower price
for solar panels.

Social Information Networks

The impact of social information networks on individuals' decisions regarding renewable energy has been widely
acknowledged in the literature (Kwan, 2012; Ortega-lzquierdo et al., 2019; Nazir & Tian, 2022). The dissemination and
exchange of information about renewable energy through social networks can significantly influence the willingness to pay
for renewable energy technologies (Nazir & Tian, 2022). These networks, which may include various social networking
platforms or 'peer effects,’ can convey information that shapes attitudes towards renewable energy, including knowledge
about its benefits and ease of use, as well as raising awareness of environmental issues such as climate change and pollution
levels (Calvé-Armengol et al., 2009; Severo et al., 2019; Sdnchez-Arrieta et al., 2021; Nazir & Tian, 2022).

Ivanova (2013) delved into the willingness to pay an additional amount on the electricity bill for renewable energy
in Queensland, Australia. On average, respondents were willing to pay approximately $28/quarter to support increased
electricity generation from renewable sources. Additionally, individuals with environmental concerns regarding climate
change were willing to increase the amount paid from $14 to $29, highlighting the influence of environmental consciousness
on willingness to pay. Ntanos et al. (2018) investigated public perceptions and willingness to pay to increase renewable
energy in Greece. They discovered that the average willingness to pay to increase renewable energy by 10% is €26.5 per
household. Their analysis highlighted that environmental awareness programs emphasizing environmental conservation were
the primary motivators for investing in renewable energy systems. Respondents expressed a strong willingness to pay for the
expansion of renewable energy sources, underscoring the significance of environmental factors in energy decision-making.

Pleeging et al. (2021) investigated the willingness to pay for green energy in the Netherlands and found the average
amount to be paid is about €22. They found that the willingness to pay for green energy correlated with environmental
attitudes, especially climate change, where individuals who are more concerned about climate change are more willing to
pay more than the average. Rowlands et al. (2003) studied potential purchasers of green electricity in Canada, focusing on
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attitudinal traits like ecological concern, liberalism, and altruism. Nearly half of the respondents were willing to pay an
additional $10/month for green electricity. Notably, those with pro-environmental attitudes and concern for energy issues
demonstrated a greater willingness to pay above the average.

In the context of knowledge related to renewable energy sources and their benefits, Zografakis et al. (2010)
discovered that individuals with higher levels of knowledge about renewable energy, including its capacity for energy
generation and cost savings, exhibited a greater willingness to incur additional costs on their four-month electricity bill for
renewable energy sources compared to those lacking such information. Furthermore, they observed that respondents who
prioritize environmental concerns and recognize the significance of safeguarding it from the impacts of fossil fuels and
pollution display a heightened willingness to pay. Moreover, in Zarnikau's (2003) paper on the willingness to pay for electric
utility investments in renewable energy in Texas, participants were provided with information regarding renewable energy,
including costs and environmental preservation, to determine the additional amount they were willing to pay. Zarnikau (2003)
noted that “intensive exposure to information about energy resource issues led to an increase in the number of respondents
interested in paying a modest premium to support investments in both renewable energy resources and energy efficiency”
(p. 1661). Furthermore, the paper indicated that respondents most willing to pay were those who prioritized environmental
protection.

Wiser (2007) found people who have environmentally friendly practices such as recycling and purchasing pesticide-
free food are willing to pay a higher price for renewable energy. Moreover, Nazir and Tian (2022) discovered a notable
positive correlation in Pakistan between the willingness to pay (referred to as purchase intention) for renewable energy
technology and exposure levels on social media. This exposure facilitated knowledge spillover about the benefits of solar
energy and its ease of use. Palm's (2017) study in Sweden demonstrated the motivating role of peer effects for individuals
interested in solar energy, with the strongest impacts observed within close social relationship networks that confirmed the
effective functioning of solar energy systems. Palm's (2017) study in Sweden highlighted the motivating role of peer effects
on individuals interested in solar energy, which may create a positive influence on the perceived price of renewable energy
systems. Lastly, Mosley and Makki (2018) found a strong desire among households in Saudi Arabia to save the environment,
with a significant percentage willing to operate renewable energy sources to mitigate negative externalities.

Institutional Context and Pricing

Governments play a crucial role in encouraging the extensive uptake of renewable energy technologies in residential
settings by implementing significant policies like financial incentives and tax breaks. These measures aim to tackle the
substantial initial expenses linked with these technologies, as highlighted by Dulal et al. (2013), who emphasized that “in the
absence of government support, large-scale diffusion of renewable energy is impossible because of the high up-front capital
costs” (p. 306). The expense associated with solar panels, particularly, emerges as a primary obstacle hindering their
widespread adoption, emphasizing the necessity of government involvement to stimulate demand (Dulal et al., 2013; Irfan
etal., 2021).

The renewable energy market sector is significantly influenced by the high costs associated with purchasing and
installing renewable energy technologies, which may constrain consumer preferences and desires for adoption (Borchers et
al., 2007; Mamkhezri et al., 2020). For instance, Su et al. (2018) investigated the willingness of Lithuanian households to
pay for renewable energy technologies, revealing a preference for lower-cost technologies. Their findings underscored the
importance of installation costs, indicating that a €1 increase in the monthly bill for installing renewable energy required an
average decrease in installation costs of €90. Similarly, Zander et al. (2019) found a negative relationship between increased
installation costs for solar energy systems and purchase intent among Australian households. Moreover, Borchers et al.
(2007) suggested that a decrease in the costs of renewable energy, such as solar energy, coupled with increased financial
benefits in savings on the power bill, would likely result in a higher probability of its adoption and therefore a willingness to
pay a higher price for it.

In highlighting the government's role in supporting renewable energy, Mamkhezri et al. (2020) stated that
“renewable electricity generation has increased considerably in the past decade in the U.S. This is due to several factors,
including cost competitiveness and state and federal policies, such as production and income tax credits, RPSs [renewable
portfolio standards], and state-level subsidies for solar energy” (p. 178). Crago and Chernyakhovskiy (2017) assessed the
effectiveness of policy incentives for residential solar power installations in the Northeastern United States, revealing that
rebates, as direct cash subsidies, had a substantial impact, with an additional $1 per watt rebate significantly increasing annual
photovoltaic capacity demand. This suggests that financial incentives may make potential consumers willing to pay higher
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prices for renewable energy. Similarly, Bauner and Crago (2015) indicated that governmental financial incentives, such as
rebates and tax credits, played a significant role in increasing the adoption of residential solar power systems. Their findings
underscored the significance of policies aimed at reducing uncertainties related to investment costs in residential solar PV
technology. Even though their study is not about price preferences, governmental financial incentives may positively affect
the price to be paid for renewable energy. Sardianou and Genoudi (2013) investigated consumers' willingness to pay extra
for renewable energies in the residential sector. Their findings revealed that energy tax deductions and subsidies were
statistically significant factors positively associated with the willingness to pay extra for renewable energies, where the
energy subsidy was more effective than a tax deduction. Ntanos et al. (2018) discovered that government subsidies for RES
are a significant incentive, positively correlating with the willingness to pay among Greek respondents.

Pleeging et al. (2021) found that most participants, on average, paid around €22 for green energy per month in the
Netherlands. However, some participants indicated that they are not willing to pay any amount because they believe that the
government should pay the additional amounts for renewable energy. Gao et al. (2020) assessed the impact of willingness to
pay on achieving future renewable energy targets in Japan. They found that the average median willingness to pay per
household for renewable energy is 1,340 JPY/ month. They stressed the importance of subsidies in low-income areas to
achieve the goals of transitioning to renewable energy more than in high-income areas. Ayodele et al. 2019 found that the
amount to be paid for green energy is low, noting that 87.5% of respondents in Nigeria are willing to pay between 5% and
10% in addition to their current energy bill for green electricity. They stressed the need to create financial incentive programs
such as subsidies in order to encourage the use of green energy. Jung et al. (2016) aimed to identify the current status of
public perceptions regarding renewable energy technologies (RETSs) available in the Finnish market and associated
influencing factors. They found that respondents prefer to pay €6000 for RETs. Additionally, they noted that 61.9% of
respondents preferred tax deductions.

Methodology

The goal of this paper is to develop an elevated understanding of what drives price preferences concerning rooftop
solar panels in Saudi Arabia across three distinct geographical settings: a large urban area (Riyadh City), a medium-sized
urban area (Buraydah City), and the rural area of Al-Qassim Province (Figure 1). It posits that the primary determinants
influencing price preferences for rooftop solar panels can be categorized into four potential clusters: various socio-economic
variables, the built environment, social information networks, and the institutional and pricing policy context. The data used
in this paper were obtained through a survey, where the dependent variable, price preferences, was derived from a Likert
scale response comprising six categories, ranging from "less than 5,000 SAR ($1,332)" to "from 19,000 to 23,000 SAR
($5,066 to $6,132)."

Saudi Arabia N

Al Madinah

Ash Shargiyah

Region
Al-Qassim Province 0 75 150 300 450 0=
T es
Riyadh Province '

Figure 1: Map of Saudi Arabia and the Three Study Areas (Riyadh, Buraydah, and Al-Qassim Province).
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In the survey, questions were included to establish the socio-demographic characteristics of each participant, such
as age, income, and educational level, as well as to determine where each participant stood on various topics, including price
preferences, climate change, perceptions of renewable energy, and potential expenses. To collect data for this study, a survey
was designed using Qualtrics Software and distributed online between November and December 2022 in Saudi Arabia
(Appendix A). The survey questions were developed after reviewing previous relevant studies and received Institutional
Review Board approval from our host university. The survey was predominantly distributed online through platforms such
as WhatsApp, Facebook, and X (formerly Twitter); however, participants outside the designated study areas were excluded.
Additionally, residents in the targeted geographic study areas were approached randomly on the streets and in various
gathering places and encouraged to share the survey on WhatsApp and in online groups they were members of, resulting in
a snowball sampling approach. Prominent X and WhatsApp users were also approached to distribute the survey, with a focus
on accounts widely followed by residents of the three study areas, especially those recognized for sharing local news. In
total, 1,647 fully completed survey responses were collected from these targeted areas.

The choice of the three geographic study areas was made by selecting locations with a diverse range of metrics,
such as differences in population density, levels of educational attainment, median household income, and various housing
attributes, as outlined in Table 1. Riyadh City stands out from both Buraydah City and the rural areas of Al-Qassim Province
across several pivotal dimensions. Regarding population, Riyadh boasts significantly higher population numbers and notably
higher population density compared to Buraydah and the rural areas of Al-Qassim Province. Additionally, Riyadh City
exhibited distinctive socio-economic characteristics, characterized by a higher median household income and a larger
proportion of residents holding bachelor's degrees or higher qualifications.

Table 1: Key Statistical Indicators for Riyadh City, Buraydah City, and Al-Qassim Province, 2022

Riyadh Buraydah Al-Qassim
Population 6,924,566 571,169 765,010
Population density per km2 3,846.98 828.3 395.06
Median age 30 28 27
% Children (< 15 years old) 22.11 25.40 26
% Workforce (16 to 64 years old) 75.50 72.20 71.30
% Elderly (> 65 years old) 2.20 2.40 2.70
Median household monthly income (SR) * 12,688 8,815 9,043.50
% Male 63.2 60.8 57.7
% Female 36.8 39.2 42.3
Less than bachelor degree (% of total population) * 64.5 88.66 85.30
Bachelor degree (% of total population) * 23 10.68 14.48
Master and PhD (% of total population) * 2 0.66 0.22
Average family size 3.5 3.9 4.2
% Multi-family dwelling units 58.1 41.8 37.6
% Single-family dwelling units 419 58.2 62.4
% Owner-occupied units 56.2 67.9 69.1

Source: Derived from General Authority for Statistics, 2023.
(* Based on 2018 data from General Authority for Statistics)

The online survey method was selected due to its simplicity in distribution, accessibility, cost efficiency, and
applicability for researchers targeting expansive regions (Sue & Ritter, 2012). Moreover, the effectiveness of online surveys
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has been proven in various studies conducted in Saudi Arabia, ensuring participant privacy (Sue & Ritter, 2012; Mosley &
Makki, 2018; Alsabbagh, 2019; Alrashoud & Tokimatsu, 2020). Furthermore, with 96% of Saudis aged 15 years or older
using internet-connected smartphones, online surveys offer an effective way of reaching the targeted sample through social
media platforms (General Authority for Statistics, 2023). Two sampling approaches were employed for data collection: non-
probability convenience sampling and snowball sampling methods. The non-probability convenience sampling approach was
chosen to facilitate the widespread and rapid distribution of the survey, enabling all interested members of the population to
participate (Alwelaie, 2012).

The data analysis involved using a Chi-square Test for Independence to examine the links between price preferences
and the other independent variables. Cramer's VV was utilized to assess the strength of association among these variables.
Given that both the dependent variable ‘price preferences' and the independent variables are categorical, the chi-square test
was chosen to evaluate their association (Crewson, 2023).

Findings

The cost of purchasing and installing a rooftop solar panel system was estimated at 12,000 SAR ($3,199) using the
Shamsi website, which considers the geographical location of the study areas. According to Shamsi (2023), this system is
expected to contribute to reducing the monthly electric bill by approximately 150 SAR ($40). 'Shamsi' is a government
website that provides precise information on residential solar energy in Saudi Arabia, offering cost estimates and outlining
potential financial benefits (Shamsi, 2023). Due to the similarity between the study areas in terms of proximity and natural
conditions, the estimated cost of the solar energy system was similar across all three study areas.

The data from Table 2 reveals a significant preference among respondents across all study areas to pay less than
5,000 SAR ($1,332), which falls well below the average estimated system cost of 12,000 SAR ($3,199) provided by Shamsi.
This is consistent with findings by Su et al. (2018), indicating that the willingness to pay for renewable energy technologies
can often be lower than the market price, with some individuals unwilling to pay at all. Specifically, respondents across all
three study areas consistently expressed a preference to pay less than 5,000 SAR, including 67.3% (208) in Buraydah City,
61.1% (391) in Riyadh City, and 60% (162) in rural areas of Al-Qassim (Table 2). However, a significant proportion of
respondents in all three study areas expressed a willingness to pay more than 5,000 SAR including 32.7% (101) in Buraydah
City, 38.9% (249) in Riyadh City, and 40% (108) in the rural areas of Al-Qassim province.

Table 2: Preferred Price for Rooftop Solar Panels in the Three Study Areas

Preferred price Riyadh % Buraydah % Al-Qassim % Total || %
Less than 5000 R 301 61.1% | 208 67.3% | 162 60.0% | 761 ||62.49
From 5000 to 8999 R 167 26.1% | 58 18.8% | 65 24.1% | 290 23.8¢
From 9000 to 11999 R 39 6.1% 21 6.8% | 16 5.9% 76 6.2%
From 12,000 to 14,999 R 20 3.1% 8 26% | 14 5.2% 42 3.4%
From 15,000 to 18,999 R 4 0.6% 4 13% |6 2.2% 14 1.1%
From 19,000 to 23,000 R 19 3.0% 10 320 | 7 2.6% 36 3.0%
Total 640 309 270 1219

The broader implication is that changes in geography and geographical scale do not seem to substantially impact
the price preference for rooftop solar panels among Saudi residents. Despite the fact that the majority of the respondents are
willing to pay less than 5,000 SAR which is far less than the market rate for rooftop solar panels, it also indicates the
importance of taking into account financial incentive strategies, such as tax deductions and subsidies based on the
characteristics of the region, to further stimulate renewable energy demand in Saudi Arabia.

Moreover, the substantial increase in investment in renewable energy by the Saudi Arabian government has been
especially notable in recent decades, aligning closely with the country's objectives of attaining financial equilibrium and
decreasing overall electricity usage derived from non-renewable sources (Ministry of Finance, 2023). Furthermore, there
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appears to be a prevailing consensus within Saudi society endorsing the government's holistic development strategy, which
includes the transition to renewable energy sources as delineated in Vision 2030. This widespread approval could be
attributed to the positive societal reforms initiated since the inception of the plan in 2016 (Saudi Vision 2030, 2023).

Although the three study areas seem to have similar preferred price points for rooftop solar panels (Table 2), there
remains a degree of uncertainty regarding the key determinants that might shape the preferred price outcomes, and whether
these factors vary depending on location. Gaining a clearer understanding of the pivotal variables that most accurately explain
the preferred prices for rooftop solar panels can contribute to the expanding body of literature on this subject, while also
offering enhanced insights into the Saudi Arabia experience.

4.1 Test of Independence for Price Preference— the Key Variables

The research focused on the price that participants consider appropriate for solar panels with the ability to reduce
the monthly electric bill by 150 SAR. The chi-square test of association was used in this analysis to explore potential links
between the preferred price to pay for rooftop solar panels and various related variables identified in the literature that might
help best explain respondent outcomes. The chi-square test is well-suited for assessing associations among categorical
variables, such as the preferred price variable constructed based on a Likert scale (Crewson, 2023). Additionally, Cramer's
V will be employed to rank the strength of association between the preferred price and related variables. This method is
chosen for its simplicity and effectiveness in determining the existence of a substantive relationship between two variables
(Akoglu, 2018; Crewson, 2023). Crewson (2023) stated that “a Cramer's V of 0.1 provides a good minimum threshold for
suggesting there is a substantive relationship between two variables” (p. 80). Cramer V coefficients, which vary between 0
and 1, typically suggest a substantive relationship exists between two variables when the coefficient is at least 0.10, with
values between 0.1 to 0.3 indicating some association, 0.3 to 0.5 indicating moderate association, and above 0.5 indicating
high levels of association (Crewson, 2023).

The chi-square test of association was performed by initially categorizing responses related to the preferred price to
pay for rooftop solar panels into two distinct categories. Based on the information provided in Table 2, it was observed that
the majority of respondents across all study areas overwhelmingly preferred to pay less than 5,000 SAR for rooftop solar
panels. Specifically, 62.4% of respondents from all areas fell into the category of preferring to pay less than 5,000 SAR,
while only 37.6% of all respondents preferred to pay 5,000 SAR or more. Given this disparity in preference distribution and
to simplify the analysis, the analysis used two price categories, less than 5,000 SAR and 5,000 SAR or more. This
consolidation allowed for a clear interpretation of the data and enhanced the statistical power of the chi-square test by
ensuring an adequate sample size in each category.

Additionally, the responses associated with the Likert scale for the other variables utilized in this analysis were
classified into two groups due to the positive skewness in many of these responses. The first category, designated as
"moderate agreement," comprised responses from participants who either "somewhat agreed" or "agreed." The second
category, labeled as "strong agreement," included responses from participants who expressed "strong agreement." This
approach enabled a more nuanced analysis that distinguished between groups with different levels of support.

Many of the reported results listed in Table 3 are statistically significant, with p-values below 0.05. The findings
show both differences and similarities among the study areas regarding the links between the preferred price and the various
other variables. The rankings in Table 3 were determined by the size of the Cramér's V coefficient score for Riyadh City.
This prioritization is justified due to the survey's substantial representation from Riyadh City, encompassing half of the
participants, and the city's unique status as the capital, as well as the most populous and expansive urban center in Saudi
Avrabia.

Table 3 presents some of the key predictors associated with the preferred price to pay for rooftop solar panels that
have been reported in the previous literature, showcasing variations in association and strength of association across different
geographical settings. The chi-square test analysis indicates that the strongest links between the preferred price of rooftop
solar panels in Riyadh City are with the individual socio-economic characteristics of each respondent, specifically, with
gender type and monthly income levels.
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Table 3: Results for Chi-squared Test of Independence (x?) for the Preferred Price for Rooftop Solar Panels and Related
Variables Ranked by Cramer’s V Coefficient

Riyadh City Buraydah City Al-Qassim
Variable e Cramer's V e Cramer's V e Cramer's V
Sex 23.6 0.19 12.4 0.20 9.5 0.186
Income 12.7 0.14 13.8 0.21 15.8 0.242
I would consider using rooftop solar panels if | 5.9 0.100 * * 121 0.21
they are tax deductible
I would consider using rooftop solar panels if | * * 5.3 0.13 * *
the government subsidized the financial cost
Climate change is real * * * * 20.8 0.30
Education * * * * 16.2 0.244
Renewable energy can be effective in protecting | * * * * 9.1 0.187
the environment from pollution

* Not statistically significant

Notably, gender yielded the highest y? (23.6) and Cramer’s V (0.19) scores in Riyadh, the second-highest 2 (12.4)
and Cramer’s V (0.20) scores in Buraydah, and the second-lowest ¥? (9.5) and lowest Cramer’s V (0.186) scores in Al-
Qassim (Table 3). Specifically, among Riyadh respondents, females were 2.7 times more likely (i.e., 177/65) to prefer paying
less than 5,000 SAR (Table 4), while males were only 1.12 times more likely (i.e., 214/184) to prefer paying less than 5,000
SAR.

Table 4: Contingency Table for Preferred Prices for Solar Panels and Gender: Riyadh City

Variable Category Preferred Price for Rooftop Solar Panels
less than 5,000 SAR 5,000 or more SAR Total
Female 177 27.7% 65 10.2% 242
Gender Male 214 33.4% 184 28.8% 398
Total 391 61.1% 249 38.9% 640

Even more acute gender differences were observed in Buraydah. Specifically, females were 5.4 times more likely
(i.e., 60/11) to prefer paying less than 5,000 SAR than to pay a higher price in Buraydah, In Al-Qassim, those gender
differences were less pronounced where females were 2.5 times more likely (i.e., 75/30) to pay less than 5,000 SAR. These
results are in line with the results of Bigerna and Polinori (2014) and Zarnikau (2003) who stated that “males report a greater
willingness to pay for renewable energy than females” (p. 1663). The difference between females and males in terms of price
preference for solar panels in Saudi Arabia may be an indirect result of the influence of the local culture, where it is the adult
male/husband that traditionally controls the household budget (Abalkhail, 2017).

Furthermore, the analysis results demonstrated that a link existed between the preferred price for rooftop solar panels
and monthly income levels across the three study areas. Specifically, monthly income yielded the highest y2 (13.8) and
Cramer’s V (0.21) scores in Buraydah, the second highest %? (12.7) and Cramer’s V (0.14) scores in Riyadh, and the third
highest ¥? (15.8) and Cramer’s V (0.242) scores in Al-Qassim. In particular, in Buraydah, participants with monthly income
levels of less than 12,000 SAR, which is the national average for household monthly income, were 3.3 times more likely
(i.e., 123/37) to prefer paying less than 5,000 SAR than to pay more. Conversely, participants with monthly income levels
of 12,000 SAR or more were 1.3 times more likely (i.e., 85/64) to prefer paying less than 5,000 SAR than to pay more,
indicating a less pronounced inclination towards lower pricing compared to their counterparts in the lower income category
(Table 5).
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Table 5: Contingency Table for Preferred Price for Solar Panels and Participants Monthly Income: Buraydah City

Variable Preferred Price for Rooftop Solar Panels
Category
less than 5,000 SAR 5,000 or more SAR Total
Less than 12,000 SAR 123 39.8% 37 12.0% 160
ms&my 12,000 SAR or more 85 27.5% 64 20.7% 149
Total 208 67.3% 101 32.7% 309

Similar outcomes are observed in Riyadh and Al-Qassim. Specifically, individuals with monthly income levels of
less than 12,000 SAR were 2.1 times more likely (i.e., 223/106) to prefer paying less than 5,000 SAR compared to opting
for paying a higher price in Riyadh, and 2.2 times more likely (i.e., 118/53) in Al-Qassim. The prominence of income as a
factor associated with the preferred price is likely unsurprising, as numerous studies have highlighted its influence on
individuals' willingness to pay for renewable energy sources (Zarnikau, 2003; Bollino, 2009; Aravena et al., 2012; Bigerna
& Polinori, 2014). Broughel (2019), in a study on the willingness to pay for solar-powered devices in Mexico, noted that
“higher income was associated with higher WTP [willingness to pay]” (p. 6). Additionally, individuals with lower income
levels are likely to have limited financial resources, making them more inclined to opt for lower prices.

With respect to other individual socio-economic characteristics, only Al-Qassim province featured prominently in
Table 3, where the level of educational achievement was statistically significant generating the second-highest y? (16.2) and
Cramer’s V (0.244) scores. Respondents with educational levels lower than a Bachelor’s degree in Al-Qassim were 3.4 times
more likely (i.e., 68/20) to prefer paying less than 5,000 SAR (Table 6). Conversely, those with a Bachelor’s degree or higher
in Al-Qassim were only 1.1 times more likely (i.e., 94/88) to prefer paying less than 5,000 SAR suggesting that those with
higher levels of educational achievement were more likely to tolerate higher prices with respect to solar panel installation
costs.

Table 6: Contingency Table for Preferred Price for Solar Panels and Level of Educational Achievement: Rural Areas of Al-
Qassim Province

) Preferred Price for Rooftop Solar Panels
Variable Category
less than 5,000 SAR 5,000 or more SAR Total
Lower than Bachelor’s degree 68 25.2% 20 7.4% 88
Education ) : 0 0
level Bachelor’s degree or higher 94 34.8% 88 32.6% 182
Total 162 60.0% 108 40.0% 270

Several studies have indicated the positive effect of education on the willingness to pay higher prices for renewable
energy (Aravena et al., 2012; Zander et al., 2019). In an investigation of the willingness to pay for renewable energy in
Australia, Ivanova (2012) stated that “age and education are significant predictors of a respondents’ willingness to pay for
renewable energy” (p. 763). The suggestion here is that those with higher education levels may be more aware of the benefits
of renewable energy, environmental, and financial benefits of renewable energy particularly through savings on electricity
bills. More research is needed though if we are to fully understand why educational achievement levels did not feature more
prominently as a key factor in Riyadh or Buraydah.

In addition to the socio-economic predictors, fiscal incentives such as tax deductions and/or government subsidies
were also significantly linked to the price preferences for rooftop solar panels in all three study areas (Table 3). In particular,
tax deductions generated the fourth-largest % (12.1) and Cramer’s V (0.21) scores in Al-Qassim. More specifically, 68.5%
(191) of all respondents in Al-Qassim strongly agreed that they would consider using rooftop solar panels if they were tax
deductible, particularly for those respondents who were only willing to pay less than 5,000 SAR for a solar panel installation
(i.e., 48.5% of all respondents) (Table 7).
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Table 7: Contingency Table for Preferred Price for Solar Panels and Tax Deductions: Rural Areas or Al-Qassim Province

. Preferred Price for Rooftop Solar Panels
Variable Category
less than 5,000 SAR 5,000 or more SAR Total
I would consider using rooftop | Moderate 29 11204 40 15.4% 69
solar panels if they are tax | agreement 70 70
deductible Strong agreement | 126 48.5% 65 25.0% | 191
Total 155 59.6% 105 40.4% 260

Moreover, in Buraydah the role of government subsidies showed a statistically significant association with the
preferred price for rooftop solar panels where 50.5% (151) of all respondents who preferred to pay less than 5,000 SAR for
rooftop solar panels also strongly agreed that they would consider using rooftop solar panels if the government subsidized
the financial cost (Table 8). These findings concerning government fiscal incentives match the findings in previous studies
(e.g., Dulal et al., 2013; Sardianou & Genoudi, 2013; Crago & Chernyakhovskiy, 2017; Mamkhezri et al., 2020), where it
was clear that tax deductions and government subsidies can shape an individual’s tolerance for higher price points with
respect to rooftop solar panel installations.

Table 8: Contingency Table for Preferred Price for Solar Panels and Government Subsidies: Buraydah City

] Preferred Price for Rooftop Solar Panels
Variable Category
less than 5,000 SAR 5,000 or more SAR Total
I would consider using rooftop | Moderate 51 17 1% 37 12.4% 88
solar panels if the government | agreement ' '
subsidized the financial cost Strong agreement | 151 50.5% 60 20.1% | 211
Total 202 67.6% 97 32.4% 299

In addition to the fiscal incentives, the preferred price for rooftop solar panels was also statistically significantly
linked with an individual’s environmental belief system regarding whether or not climate change is real and/or that renewable
energy can be effective in protecting the environment from pollution. In the rural areas of Al-Qassim Province, the “climate
change is real” variable generated the largest ¥? (20.8) and Cramer’s V score (0.30) in Table 3. However, the implication
seemed to be that even if an individual believed that climate was real in Al-Qassim they were still likely to prefer to pay less
than 5,000 SAR for a solar panel installation (i.e., 32.6% versus just 8.9% of all respondents who would pay more than 5,000
SAR) (Table 9). These trends were even more acute in Al-Qassim province with respect to whether or not renewable energy
can be effective in protecting the environment from pollution.

While multiple studies have indicated that an individual’s environmental values can significantly shape attitudes
linked to renewable energy in a positive manner (e.g., Rowlands et al., 2003; lvanova, 2013; Ntanos et al., 2018; Pleeging et
al., 2021), the results for Al-Qassim show this may not always be applicable. In the context of emphasizing the importance
of environmental attitudes in positively influencing the willingness to pay for renewable energy, Mozumder et al. (2011)
mentioned that a “higher level of perceived environmental conscience positively contributes to the willingness to pay for
renewable energy” (p. 1122). It is unclear why the preferred price to pay for solar panels in Al-Qassim does not seem to be
positively shaped by environmental attitudes, although this may be partly attributable to the influence of other variables that
were not included in the analysis.
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Table 9: Contingency Table for Preferred Price for Solar Panels and Tax Deductions: Rural Areas or Al-Qassim Province

Variable Category Preferred Price for Rooftop Solar Panels
less than 5,000 SAR 5,000 or more SAR Total

Climate change is real Moderate agreement 68 28.8% 70 29.7% | 138

Strong agreement 77 326% |21 8.9% 98

Total 145 61.4% |91 38.6% | 236
Renewable energy can be | Moderate agreement 44 16.9% 51 19.6% | 95
effective in _protecting the ["strong agreement 108 41.5% | 57 21.9% | 165
environment from pollution

Total 152 58.5% | 108 415% | 260

It should also be noted that several variables identified in the literature as key determinants in shaping the preferred
price for rooftop solar panels did not feature prominently in Table 3. According to previous studies, this includes the age of
an individual and housing characteristics (e.g., multi or single-family housing) (e.g., Bergmann et al., 2008; Zografakis et
al., 2010; Aravenaet al., 2012; Sun et al., 2023), yet these predictors did not feature prominently in this analysis. The absence
of these sorts of variables can be partly attributed to the fact that the sample demographics or characteristics in this study
likely differ from those in previous research, which may lead to variations in the relevance and influence of certain variables.
Additionally, the methodology employed in this analysis, such as the survey design or data collection techniques, may not
have fully captured or accounted for these variables.

Moreover, despite the recognized importance of social networks in the existing literature on the preferred price or
the willingness to pay for solar panels (e.g., Ortega-lzquierdo et al., 2019; Nazir & Tian, 2022), this analysis found that these
networks were not statistically significant. For example, survey participants were queried about their awareness of other
individuals using solar energy or their familiarity with renewable energy websites such as 'Shamsi', which offer valuable
information about solar energy. The findings revealed that only a small portion of respondents were familiar with such
websites. The limited impact of social networks in this analysis could also be attributed to the fact that only 2% of the Saudi
Arabian population currently utilizes solar panels in their households, significantly reducing the potential impact of "peer
effects” on preferred price outcomes.

Conclusion

The importance of solar energy stems from its efficiency in producing clean energy, especially in residential settings,
which consume a considerable amount of energy. Incorporating solar panels into homes holds promise for easing present
and future energy demands while producing clean electricity— which is an important step in fostering environmental and
economical sustainability. Furthermore, the residential sector and its population play a significant role in driving the transition
to renewable energy, emphasizing the importance of their contribution to this endeavor.

In the existing literature, the price preference for rooftop solar panels seems to be shaped by four key determinants:
various socio-economic indicators, the built environment, certain fiscal policies, and social networks. To better understand
these price preferences and related key determinants in Saudi Arabia, and how they may differ from other geographies, we
utilized survey data collected from respondents in Riyadh City, Buraydah City, and the rural areas of Al-Qassim Province in
Saudi Arabia. The results indicated that most respondents preferred to pay up to 5,000 SAR ($1,332) for a solar panel
installation valued at 12,000 SAR ($3,199).

When examining the distinction between respondents who preferred to pay less than 5,000 SAR versus those who
preferred to pay 5,000 SAR or more for rooftop solar panels, the survey data revealed several common themes and differences
by geographic setting. Specifically, the preferred price points seem to be statistically significantly associated with individual
socio-economic indicators (i.e., income, gender, education), various financial incentives (i.e., tax deductions and subsidies),
and broader environmental values regarding whether or not climate change is real and pollution mitigation. These findings
also diverged from some of the conventional literature regarding the role of some socio-economic indicators such as age,
housing characteristics (i.e., multi-family vs. single-family), and social networks in determining preferred prices.
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These findings also suggest that the Saudi government may need to implement financial measures aimed at bridging
the gap between the actual cost of solar panels and the desired price point, thereby encouraging wider adoption of renewable
energy among the populace. Alternatively, greater emphasis on educational initiatives could be beneficial in raising
awareness about the financial and environmental advantages associated with solar energy usage.

Our analysis is a modest first step in providing a theoretical framework for analyzing the rooftop solar panel market
that has been customized to the Saudi Arabian experience while also providing policymakers with some insights into the
common themes and geographic differences in the price preferences that may exist for rooftop solar panels. Conducting
similar studies that delve more deeply by using different variables that are not included in this paper or choosing different
study areas may help to deepen our understanding of price preferences for rooftop solar panels.
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