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ABSTRACT

Introduction

Energy plays a critical role in sustainable development and improving human quality of life. As
global energy demand rises, especially in developing countries, there is a significant need to shift
towards renewable energy sources. Among these, solar energy, particularly photovoltaic (PV) tech-
nology, stands out for its environmental sustainability, minimal carbon footprint, and considerable
potential to mitigate climate change. Iran, located in a region with high solar radiation potential, is
well-positioned to harness solar energy. With an annual average of 1800 kWh/m? of solar radiation
and over 280 to 300 sunny days per year, Iran presents an ideal opportunity to develop solar power
plants. However, despite this significant potential, the country has not fully capitalized on solar en-
ergy due to challenges in selecting optimal locations for these plants.

The effectiveness of solar power projects depends heavily on selecting the most suitable sites for
power plants. Optimal site selection maximizes energy production efficiency and minimizes en-
vironmental impact and economic costs. Poor site selection can lead to reduced plant efficiency,
wasted financial resources, and increased environmental degradation. Therefore, the first step in
solar power development is identifying regions with high solar radiation potential and other crit-
ical factors such as access to the electricity grid, water resources, and infrastructure. Multi-Criteria
Decision-Making (MCDM) methods have proven to be practical tools for evaluating various factors
involved in site selection. Furthermore, Geographic Information Systems (GIS) have become in-
valuable in spatial data analysis, allowing for accurate site assessments and decision-making. More
recently, machine learning techniques have emerged as a promising approach to optimizing solar
power plant site selection.

Materials and Methods

The study applies a combination of MCDM, GIS, and machine learning techniques for optimal solar
power plant site selection in Fars Province, Iran. Initially, nine key criteria were identified, including
solar radiation, temperature, slope, and proximity to infrastructure. GIS was employed to gener-
ate spatial data layers for these criteria. Two MCDM methods, the Best-Worst Method (BWM) and
SWARA, were used to assign weights to the criteria. At the same time, the Dempster-Shafer Informa-
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tion Fusion Theory was utilized to enhance the reliability of the weights by
combining the results of both methods. The land suitability map for solar
power plant placement was generated using the Marcos method.
Subsequently, machine learning, specifically Support Vector Regression
(SVR), was applied to predict the most suitable areas for solar power
plants. The SVR model’s hyperparameters were optimized using the Grey
Wolf Optimizer (GWO), an evolutionary algorithm. The SVR model was
trained using reference data from the Marcos method’s suitability map.
This combined approach created a highly reliable land suitability map for
solar power plant installation, offering valuable insights into the potential
for renewable energy development in Fars Province.

Findings

The results demonstrated that 14% and 34% of the region in Fars Prov-
ince were highly suitable for solar power plant installation according to
the Marcos method and machine learning approach, respectively. In total,
48% of the area was identified as highly suitable or very suitable for solar
power generation. Specific areas in the province’s northern, northeastern,
and central parts, including cities such as Abadeh, Sarchahan, Pasargad,
and Bavanat, were recommended as priority locations for solar power
development.

The analysis further revealed that the machine learning-based approach
provided more accurate predictions than the Marcos method alone. The
machine learning model optimized using GWO achieved high prediction
accuracy, with an R? value of 0.9975 for the training data and 0.9923 for
the testing data. The machine learning approach classified 48% of the
region as highly suitable for solar power plants, substantially improving
over the 39% identified by the Marcos method.

This study’s combination of MCDM methods, GIS, and machine learning
techniques offers a robust solar power plant site selection framework.
The integration of MCDM with GIS provides a comprehensive approach
for evaluating multiple factors, while the addition of machine learning
further enhances the accuracy and efficiency of site selection. The results
suggest that machine learning can significantly improve the reliability of
predictions, especially when dealing with complex spatial and environ-
mental data.

The findings of this research are consistent with previous studies on solar
power plant site selection, highlighting the importance of incorporating
multiple factors such as solar radiation, proximity to infrastructure, and
environmental conditions. Machine learning also underscores the grow-
ing potential of artificial intelligence in optimizing decision-making pro-
cesses for renewable energy projects.

Conclusion

Considering the necessity of renewable energy expansion, optimal site
selection for solar power plants plays a critical role. In this study, nine
climatic, topographic, and infrastructural criteria—including photovol-
taic potential, direct normal irradiance, temperature, precipitation, slope,
distance from roads, distance from faults, elevation, and distance from
urban centers—were selected based on previous research and analyzed
using a multi-criteria decision-making approach with BWM and SWARA
weighting methods. Results indicated that the most influential criteria
were photovoltaic potential and direct normal irradiance. To enhance
accuracy, weights were integrated using Dempster-Shafer theory, and a
land suitability map was generated through the MARCOS method. Subse-
quently, an SVR model was optimized via the Grey Wolf Optimizer to pre-
dict suitability, showing that about 48% of Fars Province possesses high
or very high suitability for solar plant development. Finally, top priorities
were identified by Abadeh, Sarchehan, Pasargad, Bavanat, and Khorram-
bid counties. The findings provide valuable insights for policymakers and
investors in promoting sustainable solar energy development. This study
demonstrates the effectiveness of combining MCDM, GIS, and machine
learning for optimizing the site selection process for solar power plants. By
employing a hybrid decision-making framework, the research contributes
to advancing solar energy development in Iran and similar regions with
high solar radiation potential. The study results provide valuable insights
for energy planners, policymakers, and investors in selecting the most
suitable locations for solar power infrastructure. This approach optimizes
energy production, promotes environmental sustainability, and contrib-
utes to the global shift towards renewable energy sources.
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