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Abstract

This study investigates the design and evaluation of an integrated multi-
source hybrid renewable energy system combining solar photovoltaic (PV),
wind energy, biomass, and hydrogen to provide a secure and sustainable
energy supply for a region located in southern Libya. The system was
developed and optimized based on an hourly analysis over a full year (8,760
h) to ensure a balance between energy generation and consumption while
achieving high operational reliability and full coverage of the electrical load
at minimized levelized costs of electricity (LCOE), hydrogen (LCOH), and
methane (LCOCHSa4). The optimal capacities of the system components were
determined through an optimization process without assuming predefined
sizes. The results indicate that the installed capacities reach 925 MW for solar
PV, 1,400 MW for wind energy, 195 MW for the biomass energy system,
and 1,000 MW for the hydrogen system, including electrolyzers, storage
units, and fuel cells. Simulation results demonstrate that the proposed system
is capable of meeting the entire electrical demand without any loss of power
supply probability (LPSP = 0). The energy contribution shares are
approximately 37% from solar PV, 48% from wind energy, and 10% from
biomass, while about 5% of the total demand is supplied by the hydrogen
system, highlighting its crucial role in enhancing system stability and
integration. The total capital investment is estimated at approximately USD
20 billion. The results show a levelized cost of electricity of about 0.2401
USD/kWh, a hydrogen production cost of approximately 2.84 USD/kg, and
a methane production cost of around 0.283 USD/kg, with an estimated
payback period of about 15 years. From an environmental perspective, the
system enables the avoidance of approximately 8.4 million tons of CO:
emissions annually, indicating a substantial reduction in carbon emissions.
Overall, these findings demonstrate the strong potential of hybrid renewable
energy systems in supporting Libya’s energy strategy toward achieving more
than 50% renewable energy penetration in the national energy mix by 2050.
Keywords: Hybrid renewable energy systems (HRES); solar photovoltaics
(PV); wind energy; biomass; hydrogen; Libya.
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