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Design and Analysis of a Hybrid Renewable Energy System to
Meet Part of the Residential Energy Demand in Libya
*Abdulhafeez Ahmed Agila! and Yasser Fathi Nassar!
'Department of Mechanical Engineering and Renewable Energy, Faculty of
Engineering, Wadi Al-Shatti University, Libya

Abstract

In light of the growing interest in hybrid renewable energy systems (HRESs) as a
sustainable solution for reducing pollution and achieving the Sustainable
Development Goals, a design and analytical study was conducted for a hybrid
energy system to meet the electrical and thermal needs of a house in the Samnu area
of southern Libya. The study targeted the residential sector, which consumes 53%
of Libya’s energy, witha focuson leveraging the region’s geographical and climatic
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characteristics. Household consumption patterns were analyzed under real-time
conditions, taking into account the minimum operating time of appliances (10
minutes), and load distribution across the most suitable renewable energy sources
was determined using SAM, Excel, and Jupyter Notebook. The hybrid system was
designed by integrating photovoltaic solar energy (560 W), wind energy (5 % 500
W turbines), storage batteries (7.5 kWh), solar thermal energy (22.5 m?), biomass
energy (38 m?® bioreactor), and geothermal energy. The system covered annual
electricity demand of 8,540 kWh, with a surplus of 504 kWh supplied to the grid,
while meeting annual thermal demand of 23,288 kWh. Economically, the capital
cost was $8,769, with a levelized cost of energy (LCOE) of $0.064/kWh, reflecting
its economic feasibility. Environmentally, the system reduced carbon dioxide
emissions by 10,915 kg annually by utilizing food waste and poultry manure to
generate methane, thereby reducing reliance on fossil fuels. The system achieved a
balance between economic and environmental viability, making it a sustainable and
efficient solution for the residential sector. The study’s findings contribute to
opening new research avenues for implementing such systems in urban and rural
areas, enhancing energy security and sustainability.

Keywords: electrical loads, thermal loads, solar photovoltaics (PV), wind energy,
biomass energy, geothermal energy
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