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Abstract

Utilization of solar energy through construction of solar power plants has become a pivotal sector in the global
energy landscape. Iran, with its advantageous geographical and climatic conditions, possesses substantial
potential for the development of solar power facilities and electricity generation. This study employed a
Geographic Information System (GIS)-based Multi-Criteria Decision-Making (MCDM) approach to identify
optimal sites for solar power plants in Fars Province. 9 critical criteria identified through prior research were
mapped using GIS. The SWARA method was utilized to assign weights to these criteria, establishing a hierarchy
of importance with photovoltaic potential ranked highest and altitude ranked lowest. The TOPSIS and EDAS
methods were then applied to produce a land suitability map, indicating that 21 and 9% of Fars Province were
highly suitable for the construction of solar power plants, respectively. This research prioritized the counties of
Fars Province for the establishment of solar energy facilities.

Keywords: Solar Power Plant Site Selection, Multi-Criteria Decision-Making (MCDM), Geospatial Information
System (GIS).

Introduction

The demand for renewable energy as a substitute for fossil fuels has been rising in recent years. Solar energy,
one of the most prevalent forms of renewable energy, has garnered significant attention in developing countries
due to its potential for sustainable, cost-effective, and environmentally friendly energy production. Iran, a major
oil and gas producer, primarily generates electricity from fossil fuel power plants, with solar energy representing
only a minor portion of its electricity generation. Despite having high solar radiation levels and numerous sunny
days throughout the year, Iran has yet to fully capitalize on its solar power potential. Determining the optimal
location for a solar power plant is a complex task influenced by environmental, climatic, and topographical
factors, requiring scientific approaches. Site selection involves evaluating potential areas and prioritizing
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locations that ensure high efficiency in electricity generation. By integrating Multi-Criteria Decision-Making
(MCDM) methods with Geographic Information Systems (GIS), it becomes possible to effectively manage
spatial information, analyze various locations, and assess their suitability for solar power plant establishment.

This study employed an integrated MCDM approach based on GIS for site selection of a solar power plant in
Fars Province. GIS was utilized to manage and prepare spatial data, while MCDM methods facilitated criteria
weighting and development of a land suitability map. The SWARA method was applied to assign weights to the
criteria and two MCDM techniques, TOPSIS and EDAS, were used to integrate the spatial layers.

Materials & Methods

In this study, Geographic Information System (GIS) technology was employed for the collection, management,
and visualization of spatial data, while Multi-Criteria Decision-Making (MCDM) techniques were utilized for
weighting and integrating the decision-making criteria. Initially, a comprehensive review of existing literature on
solar power plant site selection identified 9 key criteria: photovoltaic potential, distance from protected areas,
temperature, precipitation, elevation, slope, distance from urban centers, distance from roads, and distance from
fault lines. Subsequently, expert opinions were gathered and the SWARA method was applied to establish the
weights of the decision-making criteria. Relevant spatial data were collected and spatial layers for each criterion
were generated through appropriate analyses within the GIS environment. These spatial layers were then
integrated based on the calculated weights using two MCDM methods: TOPSIS and EDAS. The findings were
analyzed, conclusions drawn, and results compared with previous studies to identify priority counties for solar
power plant establishment.

The SWARA method enhanced decision-making accuracy and efficiency compared to traditional methods
like AHP by minimizing the number of pairwise comparisons. In this approach, experts ranked the criteria
according to their importance and a reduction coefficient was applied to derive the weights. For generating the
land suitability map, the TOPSIS method was employed, evaluating each location based on its proximity to an
ideal solution (best conditions) and its distance from a negative ideal solution (worst conditions). The site closest
to the ideal solution and farthest from the negative solution was deemed the most suitable. Additionally, the
EDAS method was utilized to prioritize sites based on their distance from the average value, incorporating two
key measures: Positive Distance from Average (PDA) and Negative Distance from Average (NDA). The site
with the highest PDA and the lowest NDA was ranked as the optimal choice.

Research Findings

The results obtained from the SWARA method indicated that photovoltaic potential was the most critical
criterion, while elevation was deemed the least significant. For land suitability mapping, both the TOPSIS and
EDAS methods were employed. TOPSIS, a widely recognized method for solar power plant site selection,
demonstrated high efficiency, while the EDAS method, being relatively newer and less explored, also yielded
effective results. The findings from both methods were consistent, showing that the northern and northeastern
regions of Fars Province were more suitable for solar power plant development. According to the TOPSIS
method, classification of land suitability for Fars Province was as follows: very high suitability (21%), high
suitability (45%), moderate suitability (24%), low suitability (8%), and very low suitability (2%). In contrast, the
EDAS method classified the province as follows: very high suitability (9%), high suitability (27%), moderate
suitability (34%), low suitability (22%), and very low suitability (8%). Additionally, the study prioritized
counties in Fars Province for solar power plant development. Both TOPSIS and EDAS methods identified
Abadeh, Khorrambid, and Bavanat as the top three priority counties, while Rostam, Mohr, Kuhchenar, Kazerun,
and Farashband were ranked as the least suitable locations.

Discussion of Results & Conclusion

This study aimed to identify suitable locations for the establishment of solar power plants in Fars Province. The
results demonstrated the effectiveness of integrating Multi-Criteria Decision-Making (MCDM) methods with
Geographic Information Systems (GIS) for spatial decision-making. Both the TOPSIS and EDAS methods were
employed to analyze and prioritize potential sites. The findings revealed a strong correlation between the results
of these two methods, indicating that the northern and northeastern regions of Fars Province were more suitable
for solar power plants, while the southern and southwestern areas were less favorable. Additionally, this study
highlighted the EDAS method as a more robust and stable alternative to TOPSIS, suggesting that EDAS
provides greater decision-making stability and reinforcing its potential for future applications. Given the
favorable solar conditions in Fars Province, application of these methodologies could significantly contribute to
the development of sustainable energy and enhance energy efficiency in Iran. The comprehensive framework
utilized in this study—including problem identification, criteria selection, weighting, and decision-making—can
be effectively adapted for solar power plant site selection in other provinces.
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Table 2: Spatial data required to prepare their spatial layer
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Figure 3: Map of the criteria used in the research
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Table 3: Results of the weighted svara method
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Figure 4: Land suitability map using the method: a) TOPSIS, b) EDAS
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Figure 5: Percentage of fitness classes in TOPSIS and EDAS methods.
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Figure 6: Prioritization of counties in Fars province based on the method: a) TOPSIS, b) EDAS
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