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Abstract:

This study examines the performance of a Hybrid Renewable Energy System
(HRES) aimed at enhancing energy sustainability and achieving self-sufficiency in
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Libya’s agricultural sector. The proposed hybrid system consists of an 8-kW
photovoltaic (PV) array, a 15 m?® biogas digester, and a 12-kW electric generator.
The results indicate that the system is capable of covering 100% of the farm’s annual
energy demand, including electrical energy (56 MWh), thermal energy (27.5 MWh),
operational fuel (2,700 liters of diesel), and cooking gas (325 kg). The total system
cost is approximately $50,000, with the levelized cost of electricity estimated at
about $0.038/kWh, thermal energy at $0.042/kWh, and methane gas at around
$0.16/kg, while the capital payback period is estimated at approximately 3.9 years.
Furthermore, the system prevents approximately 78.5 tons of CO: emissions
annually, corresponding to an economic value of about $5,497. These results
underscore the significant role of hybrid renewable energy systems in reducing
carbon emissions, enhancing sustainable agricultural development, and supporting
Libya’s national strategy for transitioning toward renewable and clean energy
sources

Keywords: Hybrid renewable energy systems (HRES), solar photovoltaics (PV),
biomass energy, agricultural sustainability, Libya.
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