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ARTICLE INFO ABSTRACT

. Given the challenges of sustainable energy supply in islanded networks and the
Article type: importance of reducing losses and environmental pollutants, the use of hybrid energy
Research Paper supply systems is on the rise. This research presents an optimal and economical
method for designing a hybrid energy supply system comprising Combined Heat and

Article History: Power (CHP) sources, boilers, and fuel cells. The primary aim is to achieve network
Received 23 May 2024 stability, reduce operational costs, and improve maintenance management by
Revised 24 June 2024 minimizing environmental pollutants and reducing water resource usage. The system
Accepted 28 Augusr 2024 design is conducted using HOMER software, considering operational, fuel, and
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maintenance costs as well as technical constraints, including power balance
maintenance and production limits for each source. The results indicate that the
optimal scenario, consisting of three gas turbines and four fuel cell units, leads to
increased network stability, reduced reserve capacity needs, a 6.5% reduction in fuel

Keywords: consumption, and a reduction in emissions: nitrogen oxides by 15%, carbon dioxide
Hybrid Energy Systems, by 9%, carbon monoxide by 14.6%, unburned hydrocarbons by 18%, and particulate
CHP, matter by 11%. This design can serve as a sustainable and economical solution for
Fuel Cell, energy supply in islanded networks, offering high efficiency with minimal
Energy Efficiency, environmental impact.

Sustainability.
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Introduction

This research investigates the potential of integrating hydrogen fuel cells in island energy
networks and evaluates the economic and environmental impacts. The HOMER software
simulates and analyzes various energy system configurations to reduce costs and emissions
and increase energy supply reliability. The objective of this research is to analyze the energy
hub composition including gas turbines, fire boilers, and fuel cells in an island network
disconnected from the main grid. Simulation results using HOMER demonstrate that the
system performs with optimal stability under various conditions, though some scenarios
require further optimization. In response to challenges posed by the extensive use of fossil
energy resources and the need to reduce emissions, hydrogen fuel cell technology is proposed
as a sustainable and clean energy production solution. This study explores the combination of
this technology with gas turbines and fire boilers in island networks and analyzes the
economic and environmental impacts of this combination.
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Methodology: HOMER software is used to evaluate the proposed system and simulate the
performance of energy systems under real-world conditions. Four scenarios are analyzed: 1)
using four gas turbines, 2) using three gas turbines and four fuel cell units, 3) using two gas
turbines and four fuel cell units, and 4) using three gas turbines without fuel cells. The
impacts of each scenario on network stability, fuel consumption, economic costs, and
emissions are analyzed.

Results: Results indicate that with gas turbines in operation, the network is generally stable,
but a trip of one of the turbines could cause overload and risk a system-wide trip. Scenario one,
where approximately 30% of the system capacity is underutilized, is optimized using scenario
two, which includes four fuel cell units. Scenarios three and four are reviewed for excess
capacity and network stability under fault conditions. In terms of fuel consumption, scenario
two is the most efficient option. Regarding emissions and economic costs, scenario two is
confirmed as the best option for system optimization due to high annual maintenance costs.

Conclusion: This research shows that integrating hydrogen fuel cells with gas turbines in
island networks can be considered a sustainable and cost-effective solution for energy supply.
Simulation results indicate that scenario two, which includes three gas turbines and four fuel
cell units, is the best option in terms of network stability, emission reduction, and return on
investment over 25 years. Due to its economic and environmental efficiency, scenario two is
the most suitable option for energy supply in island conditions. The recommendations from
this research are as follows:

1. Utilization of Hydrogen Produced from Wastewater: To reduce carbon footprints
and improve environmental quality, it is recommended that hydrogen used in fuel cells
be sourced not only from the olefin unit but also through electrolyzing wastewater from
the plant. This approach helps in water conservation, reducing carbon emissions, and
enhancing environmental quality.

2. Attention to Maintenance Costs and Complex Management: Maintenance costs and
the complex management of hybrid systems should be carefully considered. Scenarios
requiring more complex management should be evaluated concerning their associated
costs and environmental benefits.

3. System Performance Improvement: To enhance performance and reduce costs,
further optimization of hybrid systems and upgrading related technologies are essential.
Continuous review and evaluation of energy system performance should be included in
plans to improve efficiency and reduce costs.

Ultimately, this research emphasizes that integrating advanced energy technologies can

provide effective solutions for sustainable energy supply, provided that all economic,
environmental, and management aspects are carefully considered.
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