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study presents a techno-economic assessment and optimization of a grid-connected
hybrid wind-solar system incorporating green hydrogen production for a research
facility on Qeshm Island, Iran. Using the HOMER software, system performance was
simulated and evaluated under multiple operational scenarios. The optimal
configuration supplies over 90% of the site’s electricity demand from renewable
sources, produces approximately 4,091 kg of hydrogen annually, and exports a
substantial surplus of electricity to the grid, resulting in negative net annual CO:
emissions. Sensitivity analysis indicates that increasing electrical or hydrogen demand
improves economic performance and lowers hydrogen production costs, whereas
excessive electrolyzer oversizing at low loads reduces investment returns. Wind turbine
capital costs were found to have a pronounced effect on economic viability,
highlighting the importance of cost-effective equipment selection. The proposed
system demonstrates high replicability due to its clean energy reliance, operational
adaptability under varying load conditions, and significant emissions mitigation
potential. These findings provide a robust blueprint for the deployment of hybrid
renewable-hydrogen infrastructures in similar geographical and climatic contexts.
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The rising global population and increasing industrialization have significantly escalated energy
demand, which continues to be largely met by depleting fossil fuel resources—resulting in severe
environmental consequences. This underscores the urgent need to transition toward clean, renewable,
and sustainable energy sources. Despite the global expansion of renewable energy capacity, the
intermittent nature of these sources often limits efficiency and reliability. Hybrid Energy Systems
(HES), which combine multiple energy sources, offer a viable solution to improve performance and
resilience. Hydrogen has gained attention as a promising clean energy carrier due to its low emissions
and its potential to reduce reliance on fossil fuels. However, significant challenges remain regarding
its production, storage, and integration with renewable energy systems. Accurate system modeling is
essential for evaluating feasibility and designing optimal configurations. Intelligent control techniques
such as neural networks, fuzzy logic, and metaheuristic optimization have been widely applied in HES
analysis. Software tools like HOMER and RETScreen have been extensively used for technical and
economic evaluation of hybrid systems in various contexts. Several studies have investigated
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hydrogen production from surplus renewable energy, aiming to enable combined electricity and fuel
generation. Building upon this foundation, the present study focuses on optimizing a hybrid renewable
energy system with integrated hydrogen production for a research facility on Qeshm lIsland, Iran, using
the HOMER software. The findings underscore the potential of localized, sustainable energy solutions
in supporting critical infrastructure and promoting energy independence.

Methodology

A comprehensive technical and economic assessment of a Hybrid Energy System (HES) requires detailed
analysis of its key components. As illustrated in Figure 1, the proposed system integrates photovoltaic (PV)
panels, wind turbines, an electrolyzer, a converter, an optional grid connection, and a hydrogen storage
tank. Its primary goal is to meet the electrical demand of a research facility, with excess energy directed
toward green hydrogen production for storage and future use. The system was modeled and optimized
using HOMER software, developed by the U.S. National Renewable Energy Laboratory. HOMER allows
simulation of both grid-connected and off-grid configurations, using inputs such as load profiles, renewable
resource data, technical specifications, and economic parameters. Its flexibility and comprehensive
database make it a suitable choice compared to alternatives like RETScreen, PVSOL, or MATLAB. The
case study is based on a proposed research center near Qeshm Island, Iran (26.97°N, 56.10°E). Resource
data—solar radiation, wind speed, and ambient temperature—were extracted from NASA's meteorological
database. The annual average solar radiation is 5.75 kWh/mz2/day, and wind speed is 3.77 m/s, supporting
year-round multi-source energy generation. Due to the unavailability of actual load profiles, a synthetic
daily demand of 2,422 kWh with a peak of 399.74 kW was modeled in HOMER. The consumption profile
reflects educational and research activity patterns, with a daily load fluctuation of 10% and a load factor of
0.25. The hydrogen demand was set at 11.27 kg/day, with short-term variability of up to 20%, ensuring a
realistic and dynamic analysis of H> consumption.

Results

The HOMER software was used to optimize the configuration of a hybrid energy system consisting of solar
panels, wind turbines, grid connection, and hydrogen storage. Wind turbines accounted for the largest share
of system costs. The optimal system had an initial investment of $1.59 million, a total lifecycle cost of
$1.21 million, and a levelized cost of electricity (LCOE) of $0.04229/kWh. About 90% of the system’s
energy was supplied by renewable sources. Solar panels and wind turbines contributed 10.2% and 80.7% of
the annual electricity production (totaling over 2.2 GWh), respectively. Only 9.11% of electricity was
purchased from the grid, indicating a nearly off-grid performance. The electrolyzer, with a capacity of 5.44
kW, produced around 4,091 kg of hydrogen per year. The hydrogen storage tank, with a 40 kg capacity,
maintained stable levels throughout the year. Emissions were significantly reduced, with some pollutants
dropping to zero. Compared to similar studies, this dual-purpose system (electricity + hydrogen) had
slightly higher costs but demonstrated strong sustainability and economic viability. Future cost reductions
are expected with technological advancements, making such systems more competitive.

Conclusion

The integration of renewable energy systems for hydrogen production offers a promising pathway to
reduce carbon emissions and decrease reliance on fossil fuel imports. This study analyzed a hybrid
grid-connected energy system with hydrogen production capability, located near the Islamic Azad
University on Qeshm Island, Iran. Using HOMER software, various renewable energy sources were
assessed to identify the most cost-effective and sustainable configuration. The optimal system—
comprising wind, solar, and grid connection—achieved a low levelized cost of electricity (LCOE) of
$0.04229/kWh and a high renewable energy contribution of 90%. These findings highlight the
system’s technical and economic feasibility for green energy generation and hydrogen production.
Future advancements in renewable technologies can further enhance the viability of such systems,
especially in urban and national-scale applications. Feasibility studies like this can serve as valuable
references for policymakers, investors, and stakeholders aiming to develop hydrogen infrastructure.
Additionally, implementing sensitivity analysis and smart control strategies in future studies can
improve performance and flexibility. The outcomes of this research may also contribute to the
validation and commercialization of green hydrogen production systems.
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