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Factors affecting the utilization of
solar energy: An approach to
sustainable rural development in
Iran

Sevil Hatamifard, Seyed Jamal Farajallah Hosseini* and
Seyed mehdi Mirdamadi

Department of Agricultural Economics, Extension and Education, Science and Research Branch, Islamic
Azad University, Tehran, Iran

This study was conducted to investigate the role of factors affecting the utilization
of solar energy for the sustainable rural development of Zanjan Province. The
statistical population in this study was rural households who used solar energy
technology in Zanjan Province, and 210 households were selected as a sample
using Kerjesi & Morgan's table. The data collection tool was a questionnaire. The
face and content validity of the questionnaire was confirmed by a panel of experts
before the pre-test. The reliability of the research tool was also confirmed by
conducting a pre-test among thirty people other than the statistical sample and
calculating Cronbach’s alpha for the main scales of the questionnaire (in the range
of 0.72-0.90). Data were analyzed using SPSS24 and AMOS22. The data were
analyzed using structural equation modeling. The results showed a positive and
significant relationship between educational, socio-cultural, policymaking, and
environmental factors and the utilization of solar energy, and these variables
explained 37% of the variance of the dependent variable. However, a weak
significant relationship was observed between economic and technical factors
with the utilization of solar energy. The finding of this study has some meaningful
policy implications. The energy costs, sunlight coverage, and the efficiency of
solar energy systems have caused solar energy to be considered as a suitable
alternative for providing electricity and heating in rural areas of Iran.
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1 Introduction

The last century witnessed extensive development in the energy systems and factors such
as reduction in fossil fuel reserves, environmental degradation, and regional imbalances have
led to a change in global trends toward the utilization of clean energy (Karami Dehkordi
etal., 2017; Shahsavari and Akbari, 2018). The development of renewable energy has turned
out to be one of the key solutions to deal with climate change and undesired environmental
conditions, and it has been accepted as a necessary policy by many countries in the world
(IRENA, 2015; UNDP, 2015).

To achieve sustainable economic, social and environmental development in rural areas,
it is necessary to improve the level of knowledge and awareness of the rural population about
the optimal use of diverse environmental resources such as renewable energy (Amundsen
and Martinsen, 2015). Renewable energy is considered the basis of sustainable energy supply
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systems (Hosseini and Soltani, 2011; UNIDO, 2018) and the
development of this energy in rural areas will help to improve
energy security, to enhance the relationship between human
agricultural activities and forest protection, and to reduce
environmental  degradation  including  deforestation  and
desertification (Dai et al., 2016; Shahsavari and Akbari, 2018; Li
et al.,, 2019).

The provision of clean, frequent, dependable, and financially
available energy services along with providing security and
preserving the environment are some of the most important
indicators of sustainable development (Kargar Dehbidi et al., 2020).

Renewable energies have various common benefits such as
improving environmental conditions due to the reduction of
greenhouse gas emissions from power plants, reducing noise and
heat pollution, diversifying the energy sector, reducing the effect of
energy price fluctuations on the economy, and providing security in
the national economy. Because fossil energies are vulnerable to
political instability, trade disputes, sanctions, and other crisis,
they are also effective in increasing economic productivity and
national production rate (GDP) with more efficient production
processes (FPLC, 2013).

Oates (2019) by citing Navarra, pointed out the importance of
innovative solar projects which benefit low to moderate-income
families and would offer them affordable, clean, and resilient energy.

In a study by Fatima et al. (2021), key outcomes which affect the
generation of renewable energy are lack of good governance,
renewable energy adaptation, and governmental energy policies
are revealed to be the crucial barriers to REG development,
whereas endowed resources, power

production approach,

renewable energy demand, investment environment for
renewable energy projects, economic returns of renewable energy
projects, environmental effects, and public acceptance are found to
be the crucial drivers of REG development.

Since the signing of the Paris Agreement on Climate change by
196 countries, there has been a continuous interest in finding viable
and sustainable renewable energy sources per the commitment of
signatures of the above-mentioned agreement (Aboagye, et al,
2021).

Based on the Energy Progress Report, tracking SDG (World
Bank, 2022) “the global share of renewable energy sources in total
final energy consumption (TFEC), inclusive of traditional uses of
biomass, was 17.7 percent, just 0.4 percentage points higher than the
year before. Despite notable growth in renewable energy
consumption over the decade between 2010 and 2019, the share
of renewable sources in TFEC, excluding traditional uses of biomass,
increased by just 2.7 percentage points and represented only
11.5 percent of TFEC in 2019. This modest pace of growth
points to the importance of containing energy consumption
through energy efficiency and energy conservation, ensuring
access to affordable, dependable, sustainable, and modern energy
for all implies an accelerated deployment of renewable energy
sources in all three conventional categories: Electricity, heat, and
transport.”

The market share of solar and wind in global electricity
generation grew at a compound average annual growth rate of
15% from 2015 to 2020. If exponential growth continued at this rate,
solar and wind would reach 45% of electricity generation by
2030 and 100% by 2033. In 2012, the International Energy
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Agency predicted that solar energy production would reach
550 TW h by 2030, but this amount increased in 2018. Early
models assumed that the growth of solar and wind energy would
be linear, but in reality, this growth has become exponential (Jaeger,
2021).

The report of Energy Progress (World Bank, 2022) about
Sustainable Development Goals (SDG) for 2030 elaborated on
the share of renewable energy in global energy. The report shows
that the use of renewable energy for electricity grew more than
5 percent in 2019, bringing the share of renewables in global
electricity consumption to 26.2 percent, up from 25.3 percent in
2018, the largest share of renewables among the end-use categories.
Renewable heat consumption increased by 2.4 percent to 17.8 EJ in
2019, excluding traditional uses of biomass. The consumption of
modern renewables for heat (that is, excluding traditional uses of
biomass) increased by 2.4 percent year-on-year in 2019, while global
heat demand saw a slight increase (+ 0.3 percent year-on-year).

Solar energy is a huge source of clean and sustainable electricity
generation without toxic pollution or global warming emissions. The
negative environmental effects of solar energy in terms of land use,
water use, and the use of hazardous materials in the production of
technologies related to this energy are less than fossil energy (Union
of Concerned Scientists, 2013).

The three most crucial factors of the adoption of renewable
energy technology by the rural population are, first, emphasizing the
relative advantage of modern technologies, second, providing the
economic requirements for adequate financing for the adopters, and
third addressing the social dimensions related to the use of these
technologies by adopters (Eder et al., 2015; Sezgin et al,, 2011).

Eidietal. (2021) in a study on the factors affecting the possibility
of using solar energy in the agriculture sector from the point of view
of agricultural experts explained the variables of informational,
political, educational, technology-cost, attitudinal, psychological,
and support requirements as the effective ways of using solar
energy in the agriculture sector.

Zamani Farhani et al. (2015) in assessing the factors affecting
the use of solar energy technology in the agriculture sector of
Iran, found that there was a positive and significant correlation
between economic, sociocultural, education, research,
organizational, and policy-making factors with using solar
energy technology in the agricultural sector. The results of
multiple regression also showed that economic factor has a
more important effect on the dependent variable of using
solar energy technology in agriculture.

The results of a study in rural areas of China showed that
relatives and families who adopted solar energy had a positive
impact on the utilization of solar energy by farmers.
Environmental and health factors also had a significant effect on
the adoption of solar energy by farmers (Yanjiao, et al., 2023).

Zahari and Esa (2018) indicated that the perceived utility of
innovative technology, the perceived utility of renewable energy, and
the perceived benefit of modern technology were seen as the drivers
of the adoption of renewable energy. At the same time, two inhibitor
constructs, namely, perceived risk and perceived no need, were not
seen to create a negative connection relating to the adoption of
renewable energy. By contrast, as hypothesized, the perceived
expense was the only factor that negatively correlated with
intending to adopt renewable energy.
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The technology used for the use of renewable energies should be
under the conditions and needs and local capacities of renewable
energies in terms of techniques, exploitation, and maintenance
(Martin and Rice, 2012; Benedek et al., 2018). Safety, risk level,
sustainability, and production potential in the future will affect the
satisfaction and social acceptance of renewable energy sources
(Tigabu et al., 2015; Dehhagi and Chobchian, 2017).

The social and cultural factor of using renewable energies is a
social process in which people’s understanding of this energy plays a
key role in accepting and using them (Bai et al., 2016; Gorbannezhad
etal., 2018; Rezaei and Ghofranfarid, 2018). Evidence shows that the
development of renewable energy has the potential to spread, and
when solar panels are installed in a place, others are likely to show
more willingness to use solar energy (Jacger, 2021).

Educational factors show the role and importance of
environmental and cultural development in  economic
development and the necessity of training to achieve these goals
(Martin and Rice, 2012; Afsharzade et al., 2016; Koopmans et al.,
2018). Different educational strategies are very necessary to increase
the awareness of rural populations about these types of energy
(Rezaei and Ghofranfarid, 2018; Gorbannezhad et al, 2018;
Bojnec and Papler, 2011).

Sharma. (2021) examined the attitude of consumers toward
solar water heaters in Arizona. The results show that consumers
have a favorable perception of solar water heaters, and those with
higher annual income and better educational qualifications are
willing to adopt the new solar technologies.

The economic and educational factors had an impact on the
adoption of solar in Uganda. It was reported these two factors
provided the ground for the adoption of solar PV (Aarakit, et al,
2022).

Economic factors are among the other barriers to moving
towards renewable energy sources and changing energy use
patterns (Martin and Rice, 2012; Stigka et al., 2014; Afsharzade
etal,, 2016). Governments should support renewable energy projects
in rural areas through appropriate policies, allocation of sufficient
financial resources, and providing low-interest loans (Shahsavari
and Akbari, 2018; Eidi et al., 2021).

Studies show that one of the main factors in the development of
renewable energy was cost reduction. The cost of generating
electricity from solar and wind energies has decreased by up to
85%, which has increased the competitive power of producing fuel
from renewable sources with fossil fuels (Jaeger, 2021).

Laureti et al. (2018) in a study about the economic advantages of
renewable energy in OECD countries concluded that renewable
energy created indirect and induced effects on the OECD countries’
economies, and in particular contribute to the reduction of
unemployment.

The policymaking factors play a key role in allocating funds,
investing, and accelerating the use of renewable energy technologies
(Martin and Rice, 2012; IRENA, 2015;' Bai et al., 2016; Lange et al.,
2018; Van Gevelt et al,, 2018; Bishoge et al., 2020). Renewable energy
policy tools can be divided into three categories: 1) financial

1 International Renewable Energy Agency.
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incentives; 2) regulations and binding instruments and 3)
accompanying measures (Jordan Korte, 2011).

Supporting policies are very necessary for the development of
renewable energies, and measures such as tax exemptions and
subsidies can help in reducing costs and utilizing these energies.
Different countries have invested in research and development of
this type of energy. China, Europe, and the United States have been
pioneers in determining and adopting supportive policies. In
addition, more than 165 countries have set the development of
renewable energies as their priority in the energy sector (Jaeger,
2021).

The use of renewable energy is effective in reducing
environmental  degradation, including deforestation and
desertification, and promoting sustainable agricultural techniques
and environmental protection in rural areas (Dangerman and
Schellnhuber, 2013; Dehhagi and Chobchian, 2017; Daneshvari
et al., 2020).

The impact of solar energy on the reduction of carbon emissions
can not be neglected. However, there is a need for investment and
development of technological innovation in solar energy to
accelerate and facilitate the process. The results of a study in
China show that it will take about 8years for solar energy
investment to help the carbon emission reductions (Zhao et al,
2023).

The study of the use of renewable energy in Ukraine shows that
rural areas have a significant potential for energy production in an
environmentally friendly way, as well as the use of renewable
resources to reduce greenhouse gas emissions. Renewable
energies have a role in providing energy security and also
reducing the negative effects of energy and agriculture sectors on
climate change (Trypolska et al., 2022).

Bishoge et al. (2020) in a study on the challenges and ways ahead
of renewable energy for sustainable development in southern Sub-
Saharan Africa showed the most important barriers to exploitation
of these resources, were insufficient technological, financial, and
human resources, weak institutional and legal frameworks and
political-social barriers.

Asante et al. (2022) prioritize the barriers to the adoption of
renewable energy in Ghana and found out that technical, economic
and financial, political and regulatory, institutional, social, and
geographical were the main barriers, respectively. It was also
reported that direct enabling and integrating policies, RE targets,
education, and training are the most suitable strategies in respective
sequences for removing the RE barriers.

Solar water heaters have been proposed as an alternative for
providing hot water economically in residential and industrial
locations. However, the efficiency of this system has been limited
due to low solar radiation and the number of rainy days (Dinesh,
et al., 2021; Vasanthaseelan, et al., 2021). Gorbannezhad et al. (2018)
in a study on the existing barriers to the development of renewable
energy technology in agricultural fields from the perspective of
farmers showed the most important barriers were economic,
legal-institutional, ~ social-awareness, ~ and  technological-
infrastructural barriers, accordingly.

Afsharzade et al. (2016) in a study entitled “Development of
Renewable Energy in Rural Areas of Iran” showed that this process
faced various structural, managerial, sociocultural, and economic

challenges. Wee et al. (2012) in a study about renewable energy
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supply chains, performance, barriers to use and strategies for further
development concluded that the development and localization of
renewable energy had many barriers, including the choice of power
transmission network location, social and economic problems, and
environmental factors.

The findings of a study on the adoption of solar energy in
Ethiopia show that the adoption rate of solar energy is higher among
the wealthier and more educated rural households compared to the
poorer ones. Male heads of households utilize solar energy
technology more than female heads of households (Guta, 2018).

The results of a study about the factors affecting renewable
energies in Iran show that there is a positive relationship between the
amount of information used and the adoption of renewable energy
in rural areas. The results of regression analysis indicated that
61 percent of the variance in the adoption of renewable energy
could be explained by variables amount of information used,
participation in training classes, areas of livestock units, and the
number of agricultural products produced in rural areas
(Ghofranfarid and Rezaei, 2016).

In a study about factors affecting the utilization of solar water
heaters in the Yazd, Iran, political-cultural-social issues, economic
issues, financial support, geographic location, and infrastructure was
assessed by using structural equation modeling. The results
indicated that participants had a positive attitude about the
utilization of solar water heaters. It was reported that economic,
financial support and infrastructure had a positive impact on the
utilization of solar water heaters, while geographical location had a
negative effect (Mostafaeipour et al., 2022).

Research findings show that among the main factors
determining the adoption of renewable energy technologies by
rural households are age, family size, annual income, cultivated
area, number of livestock, and education and training of the head of
the household. In addition, access to education has been positively
and significantly related to the adoption of renewable energy
technology, and the probability of adopting renewable energy
technology for educated families increases by 34.7% compared to
uneducated households (Mulugeta and Leta, 2021).

Advances in the technological performance of solar energy, price
reductions, and policy support have made solar energy an
appropriate alternative source for fossil energy. But despite the
rapid spread, its potential has not been fully utilized. The
question arises as to why solar energy has not been adopted at
an acceptable level (Shakeel and Rajala, 2020).

In Iran, more than fifty thousand tons of charcoal are used for
energy supply. To produce charcoal needed by the country, more
than three hundred thousand tons of wood trunks and branches are
cut and collected annually in the traditional way. This will not only
destroy forests and natural resources of the country, but also the
emission of smoke resulting from the process of turning wood into
charcoal will also cause irreparable damage in increasing
environmental pollution (Abiz et al., 2018).

Jahangiri et al. (2023) pointed out that Iran is considered one of
the most energy-consuming countries. Therefore, it is important to
look for an alternative solution to replace the current energy
systems, and solar energy has very high potential in this area.

Eftekhari Shahabad et al. (2022) in a study investigating the role
of low-scale renewable power plants in developing a sustainable
energy system in Iran, concluded that the government by providing
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FIGURE 1
Amount of solar radiation in Iran.

subsidies improve technical and social dimension of the
sustainability of the energy system and eventually creating jobs,
reducing migration and generating income.

Based on the latest report by the Ministry of Energy, renewable
power plants with a capacity of 903 MW in 2021 have only provided
one percent of Iran’s energy portfolio. Meanwhile, according to the
sixth five-year development plan of the country, which ended in
1,400, the capacity of renewable power plants should have reached
five percent of the country’s total power plant capacity (about five
thousand megawatts). This lack of development of renewable power
plants under the upstream and macro plans of the country is one of
the main challenges facing the current energy sector.

In 2019, Iran ranked 101st among 115 countries in the energy
transition index and scored 44% in this index. The report of the
World Economic Forum states that Iran has a higher score under the
“system performance” index and a lower score under the “transition
readiness” index (Tehran Chamber of Commerce, Industries, Mines
and Agriculture, 2018).

Given that the rural areas of Iran always suffer from unstable
energy systems, and with the country’s high capacity of exploiting
several types of renewable energy, especially solar energy, the energy
obtained from solar radiation is one of the best sources of clean and
renewable energy. Iran has a high potential for solar energy with an
average of three hundred sunny days (Sadeghzadeh, 2018).

The amount of solar radiation in various parts of Iran is
estimated between 1,800 and 2,200 kW h per square meter per
year, which is higher than the global average. The diagram of the
average annual solar radiation in various parts of Iran is presented in
Figure 1 (Azarlight, 2021).

Iran has the potential to increase its renewable energy generation
share to 16% by 2030. This is likely to create several opportunities for
Iran’s solar energy market in the future. In 2018, approximately 3.5%
of the energy generated in the country was from renewable energy
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sources. The government of Iran has the potential to increase its
renewable energy generation to 16% by 2030. In 2018 the total
capacity of renewable energy sources was 12,679 MW (MW) and the
solar energy plant installed capacity was 286 MW (MW), which was
higher than the installation capacity of 2017, 184 MW (MW)
(Shibuya Data Count, 2022).

The ability of the country to produce the required solar panels
has not yet been fully utilized in Iran, this has to do with the costs
incurred for creating renewable energy are high and that poses a
challenge to investing in the renewable energy sector. The energy
sector is faced with many weaknesses in the production of the
required technologies, and government must make policies and
plans to overcome these weaknesses (Saba Energy News, 2022).

Iran has announced plans to expand its renewables sector by ten
GW until 2025. Renewables, including from solar and wind sources,
currently account for around one percent of the total electricity
generation capacity of more than 85 GW in the country. The new
government scheme to install 550,000 solar arrays in poor regions is
expected to add 2.7 GW of generation capacity to the country’s
power mix. It said the scheme would help empower low-income
households in poor regions, especially those who are living under
government assistance (Zahedi et al., 2022).

The Ministry of Energy is proposing a plan to increase the
capacity of renewable electricity production by 10,000 MW. This
amount of capacity is approximately two times the targeted capacity
in the sixth five-year economic development plan of the country and
more than ten times the current capacity of the country’s renewable
power plants.

Factors, such as required weather conditions, vast desert areas,
and a sizable number of sunny days throughout the year, make the
country a perfect place to install solar plants and are likely to drive
the Iran solar energy market (Shibuya Data Count, 2022).

Therefore, this study embarked on the quantitative assessment
of factors affecting the utilization of solar energy in rural areas of the
Zanjan province with an approach toward sustainable rural
development.

1.1 Contribution and novelty of study

Solar water heaters have become very popular as an alternative
technology to fossil energy in several developing countries. The
amount of fossil energy consumption in the agricultural and rural
sectors in Iran has strongly increased and this trend has created
negative economic, social, and environmental consequences for the
country in general and rural areas in specific.

To develop sustainable energy systems in rural areas, it is
necessary to adopt appropriate policies for the development of
these energy in rural areas by examining the economic, social,
and environmental aspects of renewable energy.

Based on the reviews of the literature, there have not been many
studies in Iran on the role of solar energy in sustainable rural
development. This study tries to use AMOS software and the
method of structural equation modeling to analyze the views of
those who use solar water heaters in rural areas and measure the
effects of the factors in the use of solar energy. By providing a
dynamic model, the relationship between various factors affecting
the sustainability of solar energy systems for rural areas was
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Map of Zanjan province.

investigated and then the proposed model was used to evaluate
the effects of factors on the utilization of solar energy.

2 Materials and methods
2.1 Coverage for this study

Zanjan Province Situated in the northwest of Iran, has eight
counties. According to the National Census, in 2016 population of
Alborz was 1/264/324 million out of which 43% lived in rural areas.
Agriculture is the main occupation in the province Figure 2.

Zanjan Province is located in mountainous areas, and due to
these topographical conditions, some of the villages of this province
are difficult to reach. As a result, the need to provide heating energy
in cold seasons, cooking, and providing hot water has forced the
villagers to use forest trees and pasture plants (Department of
Natural Resources, 2014).

The vegetation of the forest resources and pastures of Zanjan
Province has reduced significantly during the past years as a result
of a series of internal factors such as excess exploitation of forests and
pastures, low level of knowledge and culture of local people and users
about the importance and value of natural resources and external
factors such as inadequacy of laws and protective policies to protect
these valuable resources. These factors caused using the solar water
heaters in mountain villages and the forests of Zanjan Province as an
alternative to the use of firewood and fossil energies (Azizi et al., 2020).

Based on the study done by Bahramlouyan et al. (2014) in
evaluating the potential of using solar energy, Zanjan province has a
very high potential in terms of receiving solar energy. Most parts of
the province are in the range of receiving a high amount of solar
radiation and the average hours of solar radiation recorded for the
Zanjan province are between 7 h and 8 h with 250-300 sunny days
annually. Therefore, solar energy could be a viable alternative to
provide energy to the rural population.
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TABLE 1 Size of Sample population and sample.

Township Sample villages Sample population
Zanjan 4 105
Tarem 2 53
MahNeshan 1 26
Soltaneeh 1 26
Total 8 210

2.2 Conceptual framework

In this research, according to the literature review, six factors
affecting the utilization of solar energy were extracted. Based on the
conceptual model of the research, socio-cultural, educational,
economic, technical, environmental and policymaking factors
affected the utilization of solar energy.

The main purpose of this study was to identify the components
of the optimal model of the utilization of solar energy in Zanjan
Province. The specific objective was to identify the educational,
socio-cultural,  economic, technical,  policymaking, and
environmental factors affecting the utilization of solar energy in

the rural areas of Zanjan Province. Figure 3.

2.3 Sample population

The present study is non-experimental in terms of the control of
variables, and the method of data collection is survey type. The
statistical population of this study included the households of the
villages covered by solar energy in Zanjan Province (16 villages with

Frontiers in Energy Research
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a total of 405 households). To determine the sample size, by using
Kerjesi & Morgan’s table, 210 respondents were selected as a sample
population (Table 1).

2.4 Questionnaire

A questionnaire consisting of nine parts with personal
characteristics (10 variables), educational factors (8 variables),
socio-cultural factors (8 variables), economic factors (7 variables),
technical factors (6 variables), policymaking factors (7 variables),
environmental factors (8 variables), utilization of solar energy
(8 wvariables) and sustainable rural development dimensions
(27 variables) was designed for collecting data. A semi-structured
interview was used to gather in-depth data from respondents.

2.5 Hypotheses

Exogenous latent variables of this research have been measured
using technical, economic, environmental, sociocultural, educational,
and policymaking factors while the endogenous latent variable of our
structural equation was the utilization of solar energy. Based on the
literature review, the following hypotheses were presented:

Policymaking factors contribute to the utilization of solar

energy.
H,R=0, H;:R+#0
Economic factors contribute to the utilization of solar energy.
H,R=0, H;:R+0

Sociocultural factors contribute to the utilization of solar energy.
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H,R=0, H;:R+#0

Educational factors contribute to the utilization of solar energy.

H,R=0, H;:R+#0

Environmental factors contribute to the utilization of solar
energy.

H,,R=0, Hi:R#0

Technical factors contribute to the utilization of solar energy.

2.6 Data analysis

In the analytical section, structural equation modeling (SEM)
was used to determine the relationship, role, effect, and comparison
of mean differences. The calculations were performed using Amos
software. Structural equation modeling (SEM) is a form of causal
modeling that includes a diverse set of mathematical models,
computer algorithms, and statistical methods that fit networks of
constructs to data. SEM includes confirmatory factor analysis,
confirmatory composite analysis, path analysis, partial least
squares path modeling, and latent growth modeling. Structural
Equation Modeling (SEM) is a quantitative research technique
that can also incorporate qualitative methods. SEM is used to
show the causal relationships between variables. The relationships
shown in SEM represent the hypotheses of the researchers.
Typically, these relationships cannot be statistically assessed for
directionality.

SEM is mostly used for research that is designed to confirm a
research study design rather than to explore or explain a phenomenon.
That is to say that a researcher may be interested in the strength of the
relationships between variables in a hypothesis, and SEM is a way to
examine those variables without committing to an expensive research
project. SEM produces data in a visual display -- and this is part of its
appeal. When using SEM, the researcher gets a tidy visual display that is
easy to interpret, even if the statistics behind the data are quite complex.
SEM is designed to look at complex relationships between variables and
to reduce the relationships to visual representations. A research design
can be described in terms of the design structure and the measurements
that are conducted in the research. These structural and measurement
relationships are the basis for a hypothesis. And when using SEM, the
research design can be modeled by a computer. The relationships that
are displayed in SEM modeling are determined by data arranged in a
matrix.

Face and construct validity (including convergent and discriminant
validity) were used to confirm the validity of the research tool. The face
validity of the questionnaire was confirmed by the opinion of experts in
the field of research. In addition to face and content validity, in this
study, the convergent and divergent validity of the research tool was also
confirmed after data collection in the form of a measurement model.
The results of the evaluation of the goodness of fit of the measurement
model based on the model fit indices including the relative chi-square
equal to 1.393, i.e., a value less than 3; and comparative fit index (CFI =
0.972); incremental fit index (IFI = 0.972); and Tucker-Lewis index
(TLI = 0.971) with values higher than 0.90 and root mean square error
of approximation (RMSEA = 0.032) with a value less than 0.08, the
goodness of fit model fit was at an acceptable level (Figure 4).
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The results of the evaluation of convergent and discriminant
validity based on the measurement model showed that, given that
for all variables based on the three criteria proposed by Hire et al.
(2010) including 1) standardized factor loadings equal to and higher
than 0.5, 2) the average variance extracted (AVE) was equal to and
higher than 0.5, and 3) composite reliability (CR) equal to and
greater than 0.7, the convergence validity of the research tool was at
an acceptable level (Table 2). For discriminant validity, the results
indicated that given the square of the largest correlation coefficient
between the latent variables studied is less than the smallest AVE of
all the latent variables, therefore, the research tool had good
discriminant validity. In other words, each group of questions/
items related to various locations independently measure a
different subject.

3 Results and discussion

As shown in Table 3, the majority of respondents were married
(88.6%), the majority of the respondents (88.6%) lived in the rural
areas full time and the rest lived seasonally in the rural areas. The
majority of respondents had a diploma (41%) and only 1.7% of
respondents had a bachelor’s degree or higher. It was also reported
that the average age of respondents was 48 years old.

Table 4 illustrates the perception of respondents about the
importance of several factors in the utilization of solar energy in
rural areas. More than half of respondents believed that educational,
environmental, and policymaking factors respectively, play a very
important role in the utilization of solar energy, while less than
3 percent indicated that economic factors had a very important role
in the utilization of solar energy. Based on the results of the study,
more than 60 and 55 percent of respondents indicated that technical
and economic factors play a significant role in the utilization of solar
energy, respectively. It is important to point out that less than half
(41.4%) believed that economic factors had a slightly significant role
in the utilization of solar energy.

Based on the results of Table 5, respondents indicated that the
impact of utilization of solar energy on environmental, economic,
and social dimensions of sustainable development was in the
medium range, respectively, It was also reported that the impact
of solar energy on social dimensions (26.7%) was higher compared
to economic and environmental dimensions.

After estimating the measurement model of the research, the
structural model of the research was implemented. The structural
model is the general model of the research and shows the causal
relationships between the independent and dependent variables of
the research. In the present study, the structural model is presented
in the form of a direct model of factors affecting the utilization of
solar energy.

The structural equation modeling of factors affecting the
utilization of solar energy showed a direct relationship between
educational, economic, socio-cultural, policymaking, technical and
environmental factors and the utilization of solar in rural areas of
Zanjan Province (Figure 5).

For the goodness of fit of structural equation modeling, the study
results showed that based on the fit indices of the model including
the relative chi-square equal to 2.608, i.e., a value less than 3;
comparative fit index (CFI = 0.872); incremental fit index (IFI =
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Measurement model based on standard factor values.

TABLE 2 Results of AVE, CR, and correlation between variables based on size model.

Variable AVE 0)/50 >) CR (=70/0) The correlation coefficient between variables

Educational Factor 73/0 95/0 1

Socio-cultural factor 74/0 96/0 **75/0 1

Economic factor 70/0 92/0 **39/0 **38/0 1

Policy making factor 73/0 95/0 **55/0 **59/0 **32/0 1

Technical factor 75/0 95/0 **39/0 **39/0 **30/0 **44/0 1

Environmental factor 52/0 72/0 **34/0 **36/0 **16/0 **37/0 **36/0 1

Utilization of solar energy 57/0 91/0 **48/0 **49/0 **43/0 **39/0 **38/0 **22/0 1

**Significance at the level of 0.01.

0.873); Tucker-Lewis index (TLI = 0.864) and root mean square Figure 5 shows the structural model of the research that
error of approximation (RMSEA = 0.065) with a value less than 0.08,  indicates the casual quantifiable relationship between variables in
the fit of the model was at an acceptable level. the structural equation modeling. The environmental and policy-
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TABLE 3 Personal characteristics of respondents.

Variable Frequency Percent
Married 186 88.6
Single 24 11.4
Illiterate 7 33
High school and under 75 36.0
Diploma 86 41.0
Associate degree 27 12.7
Bachelor and higher degree 12 7.1
Live in rural areas full time 186 88.6
Live in rural areas seasonally 24 11.4

TABLE 4 Importance of factors in the utilization of solar energy (percent).

Situation Slightly important  Important = Very important
Sociocultural 16.2 448 39.0
Educational 7.6 37.6 54.8
Economic 414 55.7 29
Technical 11.9 62.9 252
Policymaking 17.6 31,0 51.4
Environmental = - 452 54.8

TABLE 5 The impact of utilization of solar energy on sustainable rural
development.

Situation Low Medium High
Social 8.1 65.2 26.7
Environmental 8.1 84.3 7.6
Economic 15.7 833 1.0

making factors with the path coefficient of 0.22 and 0.21,
respectively, have the strongest relationship with the utilization of
solar energy, while the technical factors (0.02) and economic factors
(0.09) have the weakest relationship with the utilization of solar
energy.

The results of structural equation modeling about the test of the
main hypotheses of the research indicated that educational factors
contribute to the utilization of solar energy (p = 0.040, = 0.153)). In
other words, each unit of increase in the training of the rural
population increases the rate of using solar energy by 0.153.
Sociocultural factors contribute to the utilization of solar energy
(p = 0.010, B = 0.191). This result also indicates that each unit of
increase in social and cultural conditions increases the rate of using
renewable energy in the villagers by 0.191. Policy-making factors
contribute to the utilization of solar energy (p = 0.000, = 0.220). In
other words, each unit of increase in appropriate policies increases
solar energy use by 0.220. Environmental factors contribute to the
utilization of solar energy (p = 0.000, § = 0.211), and each unit of
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increase in environmental factors increases the utilization of solar
energy by 0.211. It should be noted that no significant relationship
was between technical and economic factors and the utilization of
renewable energy in rural areas (Table 6).

To explain the changes explained on sustainable rural
development by utilization of solar energy, the Durbin-Watson
test was used to detect autocorrelation in the residuals from
regression analysis and the value of this test should be between
0 and 4. The results of this study show a value of 1.904 which means
the residuals are independent. Table 7 shows the results of regression
analysis by the method of entering. It was reported that the
utilization of solar energy explained 60.9 percent of changes on
social, environmental, and economic dimensions.

The regression analysis was also used to explain the changes in
social, environmental, and economic dimensions caused by the
utilization of solar energy. It was reported that the utilization of
solar energy explained, 48, 45, and 23 percent changes in economic,
social, and economic dimensions, respectively. Based on the
perception of respondents, the impact of solar energy on
economic and social situations was higher than on environmental
situations.

According to Iran’s sixth development plan, renewable energy
development is a priority for sustainable economic development.
This study examines the factors that can be involved in the
utilization of solar energy in Zanjan Province.

A descriptive analysis of the data revealed that 41% of the
population had a diploma, while more than 3% percent were
illiterate. Additionally, over 88 percent of the population lives
permanently in rural areas. The results of this study also indicate
that animal husbandry is the major occupation of the target
population (68%).

This study specifically explored the relationship between
(factors)
(utilization of solar energy). The structural equation modeling of

independent  variables and dependent variables
factors affecting the utilization of solar energy showed a direct
relationship  between educational, economic, socio-cultural,
policymaking, technical and environmental factors and the
utilization of solar energy in rural areas of Zanjan Province.

The results of structural equation modeling showed that
educational factors had a positive and significant effect on the
utilization of solar energy, which is consistent with studies by
Rezaei and Ghofranfarid (2018), Koopmans et al. (2018),
Afsharzade et al. (2016), Gorbannezhad et al. (2018). It is
strengthen and provide various

opportunities for rural households to inform them about the

important  to educational
benefits of using cleaner energy sources.

According to the results of structural equation modeling
evaluating the effect of social and cultural factors on solar energy
utilization, socio-cultural factors are positively and significantly
associated with solar energy utilization, as shown by Sezgin et al.
(2011), Eder et al. (2015), Eidi et al. (2021), Rezaei and Ghofranfarid
(2018), Bai et al. (2016), as well as Afsharzade et al. (2016). Results
indicated that strengthening social relations in rural areas,
participating in new energy development plans in villages, and
increasing local cooperation all play a significant role in utilizing
solar energy.

By using structural equation modeling, the hypothesis test of
how policy-making factors affect solar energy utilization revealed
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TABLE 6 Regression coefficients of factors affecting the utilization of solar energy.

Variable

Non-standard value

Standard error

Standard coefficient

Critical ratio

Significance level

Educational factors 104/0 051/0 153/0 054/2 040/0
Sociocultural factors 113/0 044/0 191/0 583/2 010/0
Economic factors 056/0- 029/0 088/0- 898/1- 060/0
Technical factors 039/0 085/0 022/0 454/0 647/0
Policymaking factors 198/0 050/0 220/0 947/3 000/0
Environmental factors 135/0 035/0 211/0 865/3 000/0

that policy-making factors are positively and significantly associated
with solar energy utilization, by studies by Martin and Rice (2012)
and Lange et al. (2018), IRENA (2015), Bishoge et al. (2020), Jordan
Korte. (2011), Van Gevelt et al. (2018), Gorbannezhad et al. (2018),

Bai et al. (2016), and Eidi et al. (2021).

Frontiers in Energy Research

As a result of structural equation modeling, the hypothesis
evaluated for the effect of environmental factors on solar energy
utilization showed that the environmental factor influenced solar
energy utilization positively and significantly. These findings are

consistent with studies by Dehhagi and Chobchian (2017),

10
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TABLE 7 Results of regression analysis.

Sum of squares Df Mean squares f Sig
Regression | 21554 1 21554 326.089  0.000
Residual | 13.749 208 0.066
Total 35.303 209

Durbin Watson = 1.904 R = 0.781 R R* = 0.611 Adjusted R* = 0.609.

Daneshvari et al. (2020), Dangerman and Schellnhuber (2013),
Afsharzade et al. (2016), and Wee et al. (2012).

Regardless of the huge economic benefits promised by clean
energy sources, most countries are yet to join the energy transition
significantly. Some of the hindrances include policies, financial
strength, and partly system of government. Under national
policies, countries are liable to establish regulations for clean
energy based on what they have and of course, priority
(Domanska, 2018).

The results indicated a non-significant relationship between
technical and economic factors and the utilization of solar
energy. Therefore, it can be concluded that technical and
economic factors have not influenced the utilization of solar
energy in Iran. Such a result is not by a study done by Oluoch
et al. (2021), who indicated that the dependent variable renewable
energy consumption is significant and positively correlates with the
gross domestic product (GDP) per capita.

4 Conclusion

The analysis of factors in this study would allow practitioners
and policymakers to understand the current situation and identify
weaknesses and shortcomings in the utilization of solar energy
in Iran.

One of the main outcomes of this study is the promise of solar
energy to deliver positive consequences and to develop a model to
improve the utilization of solar energy for securing energies for rural
populations.

However, the economic and technical factors did not have a
significant relationship with the utilization of solar energy. It is
proposed that assessing the development and utilization of solar
energies in rural areas and the feasibility of developing technologies
related to renewable energy with an emphasis on the economic
dimension could provide policymakers and planners to develop
policies and programs for solar energies as an alternative to fossil
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