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Abstract

This study presents an integrated Geographic Information System (GIS) and
Machine Learning (ML)-based methodology for optimal solar projects site selection
in Nineveh Governorate, Iraq as an area suffering a 36% electricity deficit, by
analyzing key factors, identifying suitable locations, designing a large-scale project
to replace diesel generators, supporting Sustainable Development Goals, and

assessing economic viability.

Thirteen critical factors were analyzed: Solar Radiation, Land Surface Temperature
(LST), Slope, Aspect, Land Cover, Sandstorms, Population Density, Distance to
Roads, Distance to Power Lines, Distance to Substations, Distance to Water
Resources (lakes and watersheds), and Land Ownership, spanning environmental,
climatic, topography, and socio-economic domains, using advanced spatial analysis

and machine learning (ML) models in Microsoft Azure ML.

Unsupervised learning (K-Means) generated the target labels base on similarity
within the data its self, while five supervised algorithms (Logistic Regression,
Support Vector Machine, Random Forest, Averaged Perceptron, and Decision Tree)

were evaluated.

Among them, the Decision Tree achieved the highest accuracy at 94.2%. The final
suitability map revealed that 27.04% of the Governorate is classified as very highly

suitable for solar energy development.

Based on this, a virtual solar farm Nineveh Green Revolution (NGR) was designed
with a total capacity of 700 MW. Its energy output was simulated in PVsyst, while
layout design and shading analysis were completed using SketchUp and 3D
visualization in Blender. The estimated project cost was approximately 700 million

USD, with a calculated payback period of 16.42 years.



In addition to financial viability, the project is expected to reduce approximately
51,197,085.5 tons of CO2 emissions over its lifetime. This significant environmental
benefit supports Iraq’s transition to cleaner energy. Overall, the study offers a
replicable, data driven framework for integrating ML and GIS in renewable energy

planning, contributing to energy security, sustainability, and climate action.
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* Where are the optimal site for a solar energy project?
* What are the factors that influence site suitability?

Study Area
Nineveh Provinee is located in the north
and northwest of Iraq.
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