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Abstract

This study investigates the application of hybrid renewable energy systems (solar-wind) with energy storage technologies
in Konjedkar (Zilaei) village in Khuzestan province, Iran. Considering the environmental challenges caused by fossil
fuels and limited access to the national electricity grid in this area, hybrid systems can provide a sustainable solution for
energy supply and natural resource conservation. In this research, using climate data and the village’s energy consumption
pattern, an optimal hybrid system was designed and simulated. The results showed that the optimized system including
87.41 kW of solar capacity, 100 kW of wind capacity, and 200 kWh of battery storage can provide 44.59% of the village’s
energy needs from renewable sources. This system, in addition to reducing greenhouse gas emissions by 44.59%, provides
a levelized cost of energy (LCOE) of $0.0023 per kWh, which is significantly lower than the $0.1780 per kWh of
conventional diesel systems. Despite the higher initial investment of the hybrid system ($289,930.88 compared to
$15,000.00 for diesel), the payback period is calculated as 13.22 years, which is economically viable considering its 25-
year lifetime. The technical analysis indicated 100% reliability in meeting the annual energy demand of 161484.81 kWh.
The environmental assessment revealed a reduction of 57608.92 kg of CO2 emissions per year compared to the diesel-
only system. The study concludes that the proposed hybrid system offers a technically feasible, economically beneficial,
and environmentally sound solution for electrifying rural areas like Konjedkar, promoting sustainable development and
natural resource conservation.
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