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ARTICLEINFO ABSTRACT

Keywords: Introduction: Air pollution and environmental degradation are major
Spatial Decision glot_)al challeng.es caused largely by dependence on_fossil fuels anq their
Making, environmental impacts. Consequently, greater attention has been given to
Site Selection, renewable energy, particularly solar energy. Identifying suitable locations is
Solar Thermal Power the first step toward efficient solar power plant development.

Plant, Purpose: This study aims to identify and evaluate suitable areas for the
establishment of solar power plants.

Geographical Area: The research was conducted in Malayer County,
Hamadan Province, Iran.

Methodology: A quantitative spatial analysis approach was employed. The
Boolean logic model and the Fuzzy Analytic Hierarchy Process (FAHP)
were applied to evaluate land suitability for solar power plant development.
Results and Discussion: The results showed that the Gamma operator (y =

Malayerr Township.

Received: 0.3) identified the largest proportion of suitable areas (27.17%), whereas the
14 Jan 2025 Fuzzy Algebraic Product produced the smallest proportion (9.74%). The
Received in revised Fuzzy Intersection, Fuzzy Union, Fuzzy Algebraic Sum, and Gamma
form: operator (y = 0.9) identified suitable areas of 18.19%, 22.54%, 23.17%, and
23 Feb 2025 23.17%, respectively.

Accepted: Conclusion: Malayer County has substantial potential for solar thermal
25 Feb 2025 power development. The most suitable sites are mainly located in the
pp.53-73 northern part of the county and Jokar District, while the central area and

Samen District also provide favorable conditions for future solar power
plant development.
Highlights:
1. Renewable energy, particularly solar energy, is essential for addressing
air pollution and environmental degradation.
2. Northern Malayer and Jokar District are the most suitable areas for solar
thermal power plant development.
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English Extended Abstract
Introduction

Air pollution and environmental degradation are among the most pressing global challenges, largely
resulting from the continued dependence on fossil fuels and their adverse environmental impacts. These
concerns have increased the global demand for renewable and clean energy resources, particularly solar
energy. Although Iran possesses substantial oil and natural gas reserves, excessive reliance on fossil fuels
is not a sustainable long-term strategy. Owing to its favorable geographical location and high solar
radiation, Iran has considerable potential for solar energy utilization. Conventional photovoltaic technology
converts solar radiation directly into electricity through semiconductor cells. However, solar thermal power
plants, which generate electricity by concentrating solar radiation to produce high temperatures, have
recently attracted increasing attention because of their high efficiency and ability to generate electricity on
a large scale. Consequently, many countries have invested heavily in research and development of
concentrated solar power technologies. Selecting appropriate sites is one of the most critical stages in the
development of solar power plants. Site selection requires the integration of environmental, technical,
economic, and social criteria to identify locations that maximize energy production while minimizing
environmental impacts and development costs. Geographic Information Systems (GIS) and Multi-Criteria
Decision-Making (MCDM) techniques have become effective tools for supporting this process.
Considering the importance of renewable energy development and the high solar potential of western Iran,
this study evaluates the suitability of Malayer County for the establishment of solar thermal power plants
using GIS-based spatial analysis and fuzzy decision-making techniques.

Purpose
The main objective of this study is to identify and evaluate suitable locations for solar thermal power
plant development in Malayer County using GIS and the Fuzzy Analytic Hierarchy Process (FAHP).

Geographical area

The study was conducted in Malayer County, located in Hamadan Province in western Iran. Because of
its climatic conditions, topography, and relatively high solar radiation, the county has considerable potential
for solar energy development.

Methodology (Material and Methods)

This research is quantitative in nature, applied in purpose, and based on spatial analysis. Spatial datasets,
including slope, geology, faults, groundwater resources, hydrography, wells, land use, transportation
networks, power transmission lines, protected areas, and population centers, were collected from relevant
governmental organizations. Criterion weights were determined through expert judgment using the Delphi
technique. Fifteen specialists in renewable energy, environmental planning, and GIS participated in the
weighting process. The FAHP method was applied to calculate criterion weights, while Boolean logic was
used to identify unsuitable areas by applying spatial constraints. To evaluate land suitability, six fuzzy
overlay operators were employed: Fuzzy Intersection, Fuzzy Union, Fuzzy Algebraic Product, Fuzzy
Algebraic Sum, Gamma Operator (y = 0.3), and Gamma Operator (y = 0.9). All spatial analyses and
suitability assessments were performed within a GIS environment.

Results and Discussion

The results indicate that Malayer County has considerable potential for solar thermal power plant
development, particularly in its northern areas. Among the fuzzy overlay methods, the Gamma operator (y
= 0.3) identified the largest proportion of suitable land (27.17%), whereas the Fuzzy Algebraic Product
identified the smallest proportion (9.74%). The proportions of suitable land identified by the Fuzzy
Intersection, Fuzzy Union, Fuzzy Algebraic Sum, and Gamma operator (y = 0.9) were 18.19%, 22.54%,
23.17%, and 23.17%, respectively. Model evaluation demonstrated differences in the performance of the
applied fuzzy operators. The relative error values for Gamma (y = 0.3), Gamma (y = 0.9), Fuzzy Algebraic
Sum, Fuzzy Algebraic Product, Fuzzy Intersection, and Fuzzy Union were 6.75%, 12.97%, 11.06%, 9.87%,
30.06%, and 7.74%, respectively. Similarly, the corresponding relative success rates were 70.06%, 42.07%,
67.57%, 39.87%, 46.70%, and 66.22%. These findings indicate that the Gamma operator (y = 0.3) provides
the most reliable results for identifying suitable sites in the study area.
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Conclusion

The findings confirm that GIS integrated with FAHP and fuzzy overlay techniques provides an effective
framework for solar power plant site selection. Appropriate site selection is essential because it directly
influences environmental sustainability, economic feasibility, and long-term operational efficiency. The
analysis demonstrates that suitable areas for solar thermal power plants are mainly concentrated in the
northern part of Malayer County and the Jokar District, while the central area and Samen District also offer
favorable conditions for future development. Utilizing these locations could contribute to meeting part of
the electricity demand of Hamadan Province while reducing dependence on fossil fuels and supporting
sustainable energy development. The proposed methodology can serve as a practical decision-support
framework for planners, policymakers, and energy authorities involved in renewable energy planning.
Furthermore, the approach can be adapted to other regions with similar environmental and geographical
characteristics, providing a reliable basis for future solar energy investments.
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