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Abstract:

Objectives: This study addresses the importance of solar energy as a renewable
and inexhaustible source and its role in supporting sustainable development. It aims
to analyze the natural and human geographical potentials of Karbala Governorate
for investing in solar energy and to identify the problems and constraints affecting
the efficiency of this investment. Methodology: The study adopts a descriptive—
analytical approach by analyzing the efficiency and expected annual production of
the Karbala Solar Power Plant. The results indicate an annual production of
approximately 603 thousand MWh, reflecting the high level of solar radiation in
Karbala, the suitability of its geographical location for solar investment, and the
potential for future expansion of the plant. Results: The findings show that Karbala
Governorate enjoys high rates of sunshine hours, particularly during the summer
months, which positively affect annual solar radiation values and specific yield. All
calculated values exceeded the global minimum threshold (1000 kWh/kWp/year),
indicating high technical and economic feasibility for solar energy investment in
Karbala. This has supported the establishment of the first solar power plant in the
governorate, specifically in AlI-Hur District, in 2025, with a production capacity of
22 MW out of a planned total capacity of 300 MW, representing a strategic step
toward supporting the national power grid. The results also indicate an expected
increase in solar energy production during the period 2025-2030, with a clear
upward trend aimed at raising the share of renewable energy to 12% of total
electricity generation. Conclusions: The data reveal a clear seasonal variation, with
summer months recording the highest sunshine duration, reaching 13.5 hours/day
in July, confirming the feasibility of investing in solar power plants. The Karbala
Solar Power Plant is considered the largest of its kind in Iraq, serving as a vital
indicator of the project’s contribution to the national energy mix. The operational
capacity of the first phase (22 MW) reflects a gradual implementation stage of the
project. The application of artificial intelligence in the Karbala Solar Power Plant
represents a strategic step toward enhancing energy sustainability, improving
economic efficiency, supporting spatial geographic decision-making, and achieving
energy security in the governorate. Recommendations : The study concluded on
the necessity of expanding solar energy projects, strengthening investment
planning, and supporting them with modern technologies and specialized personnel
to ensure the sustainability of this sector.

Keywords: Solar energy, specific yield, Karbala Solar Power Plant, artificial
intelligence.
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