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In recent years, Iran has faced increasing challenges in meeting its energy
demands, as evidenced by frequent power outages in both residential and
industrial sectors. This situation underscores the urgent need for
sustainable and reliable energy solutions. This study proposes a hybrid
multi-criteria decision-making framework to identify and rank the most
suitable regions for developing solar power plants across the country. The
study employs a fuzzy logic-based approach to integrate multiple methods
while accounting for the inherent uncertainty in data and expert opinions.
In the first stage, Data Envelopment Analysis (DEA) was utilized to evaluate
the efficiency of all provinces based on climatic and geographical indicators,
including solar radiation, sunshine hours, precipitation, cloud cover, and
altitude, using data from the Iran Meteorological Organization. This process
facilitated the screening and identification of provinces more suitable for
establishing solar power plants. Subsequently, key and influential criteria
for optimal site selection were determined and weighted using the Fuzzy
Analytic Hierarchy Process (FAHP) based on expert judgments. Finally, by
integrating the results of the previous stages, the selected provinces were
ranked using the Fuzzy Technique for Order Preference by Similarity to Ideal
Solution (FTOPSIS). The results indicate that the central, southern, and
southeastern provinces of Iran possess the highest potential for solar energy
development. The findings of this research can assist decision-makers,
planners, and investors in the energy sector to take a significant step toward
advancing Iran’s transition to a more sustainable future and reducing its
dependency on oil and gas.
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1. Introduction

The global energy landscape is facing unprecedented
challenges due to the rapid increase in population
growth and industrial expansion, which have led to a
surge in electricity demand (Fararu, 2024). Fossil
fuel dependency has resulted in environmental
degradation and long-term economic vulnerabilities.
Iran, despite possessing vast reserves of oil and
natural gas, remains heavily reliant on fossil fuels for
electricity generation—95% of power was generated
from fossil resources between July 2023 and June
2024. However, with more than 300 sunny days
annually, Iran is among the most favorable regions
worldwide for solar power development (Avazpour
et al.,, 2025). Previous studies on solar site selection
in Iran have often focused on limited provinces,
relied primarily on climatic indicators, or neglected
socio-economic and infrastructural dimensions. This
study addresses these gaps by designing a
comprehensive multi-criteria framework that
integrates climatic, technical, economic,
environmental, and social dimensions to identify
optimal locations for solar power plants at a national
scale. The novelty of this research lies in combining
DEA, FAHP, and Fuzzy TOPSIS into a sequential
framework, supported by real meteorological and
expert judgment data, to enhance both theoretical
rigor and practical applicability.

2. Methodology

The research methodology follows a three-stage
hybrid multi-criteria decision-making (MCDM)
approach. In the first phase, Data Envelopment
Analysis (DEA) using the BCC model (Banker et al.,
1984) was applied to evaluate the relative efficiency
of 68 cities across 31 provinces based on five input
variables (temperature, wind speed, humidity,
precipitation, cloudiness) and three output
indicators (sunshine hours, solar irradiation,
elevation). This screening eliminated inefficient
provinces and identified high-potential candidates.
In the second phase, the Fuzzy Analytic Hierarchy
Process (FAHP) was employed to determine the
relative weights of selection criteria. Four
dimensions—technical, economic, environmental,
and social—were decomposed into 14 sub-criteria.
Expert opinions from 21 professionals active in the
renewable energy sector were collected through
structured questionnaires, and the fuzzy pairwise
comparison method was used to address uncertainty
and linguistic vagueness.

In the final phase, Fuzzy TOPSIS was applied to rank
the screened provinces. Ten domain experts assessed
the provinces using linguistic variables mapped to
triangular fuzzy numbers, enabling aggregation into
a comprehensive decision matrix (Hwang & Yoon,
1981). DEA Solver and Excel software were used for
computational analysis.

3. Results and Discussion

The FAHP results indicated that the economic
dimension (0.42) and technical dimension (0.35)
were the most significant factors in solar site
selection, followed by environmental (0.17) and
social (0.06) dimensions. This ranking highlights
that financial feasibility, infrastructure proximity,
and technical viability dominate decision-making,
while social acceptance remains a lower priority in
the Iranian context.

The Fuzzy TOPSIS stage produced a clear ranking

of provinces. Yazd achieved the highest priority with
a closeness coefficient (CCi) of 0.9913, followed by
Kerman (0.9639), South Khorasan (0.8585), Isfahan
(0.8423), and Fars (0.7903). Provinces with weaker
climatic or infrastructural conditions, such as
Chaharmahal and Bakhtiari and Kohgiluyeh and
Boyer-Ahmad, ranked significantly lower. These
findings align with prior regional research but
extend their scope nationally with more robust
integration of multi-criteria models.
A sensitivity analysis confirmed that the model
results were stable under moderate changes in
weights, though economic factors exhibited the
highest influence on ranking variability. This
demonstrates the robustness of the proposed
framework and its practical adaptability to decision-
making environments with uncertainty.

4. Conclusions

This study developed a comprehensive and
integrated DEA-FAHP-Fuzzy TOPSIS framework for
national-scale solar power plant site selection in
Iran. The framework effectively combines
quantitative climatic data with qualitative expert
input under uncertainty. The results underscore that
central and southeastern province, particularly Yazd,
Kerman, and South Khorasan, represent the most
promising investment zones. Policymakers and
energy planners can utilize these rankings to allocate
resources efficiently, prioritize infrastructure
upgrades, and reduce dependence on fossil fuels.
Future research should incorporate high-resolution
GIS layers, life-cycle cost analysis, and emerging
solar technologies to refine the framework and
ensure long-term sustainability.
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Figure 1. Criteria and factors affecting the optimization of solar power plant location selection.
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Figure 2. General research framework.
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Table 4. Efficiency score of locations in the data envelopment analysis model
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Table 5. Ranking of criteria for selecting a solar power plant location in Iran
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Figure 5. Sensitivity analysis of economic criterion weight in scenario 2.
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Table 7. Weights and rankings of factors affecting the location of solar power plants
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Table 9. Validation of research results with similar studies
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