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Abstract:

The transition to renewable energy sources is crucial for reducing environmental
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degradation caused by the use of fossil fuels in energy production. Green hydrogen has
emerged as a promising solution for energy storage, ensuring energy reliability and
system stability. This study aims to design and analyze an off-grid solar photovoltaic
(PV) system integrated with a hydrogen system as an energy storage solution to supply
the Wadi Al-Shati region in Libya with electrical power as an alternative to fossil fuel-
based energy generation. The proposed system consists of a 625.5 MW solar PV field,
a 177 MW fuel cell, a 337 MW electrolyzer, and a hydrogen storage tank with a
capacity of 24,285 m?. In addition, a desalination plant with a production capacity of
186,000 cubic meters per hour and a power rating of 400 kW, as well as a hydrogen
compression station rated at 4.1 MW, are integrated into the hydrogen system. The
results indicate that the proposed system is capable of fully covering the electrical load
at an investment cost of $1,742 million. The levelized cost of energy is estimated at
approximately $338/MWh, with a capital payback period of 16.64 years. The system
also contributes to reducing carbon emissions by approximately 611,849 tons of CO:
annually. This study highlights the potential of solar photovoltaic systems in Libya,
aligning with the country’s aspirations to transition toward renewable energy, mitigate
environmental impacts, and achieve sustainable development goals.

Keywords: Levelized cost of energy (LCOE), solar photovoltaics, green hydrogen,

Libya.
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OPEX $/kg/year 3
Project life time 25
Fuel cell
CAPEX $/kW 3000
OPEX 59
Project life time 25
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2026= i —12 dghaall Aabliall b saaaial) BN s O 3 Ak 35l s Jsadll By (ald e



Energy, Economicand Environmental Analysis of a Solar Photovoltaic Energy System Integrated Latiwash et al

inflation 2.5%
Discount rate 6%
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