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Due to the increasing need for energy and the global warming phenomenon resulting
from climate change, the increasing need to use renewable energies is undeniable.
Among renewable energies, solar energy is the most popular for many reasons,
including its accessibility and the conversion of sunlight into electrical energy has
significant implications. This paper presents the design, performance analysis, and
optimization of a hybrid microgrid for the Hamedan University of Technology, using
multiple energy resources optimization software (HOMER). In the aforementioned
microgrid design, photovoltaic panels, wind turbines, diesel generators, batteries,
converters, and loads are integrated as a combined system. The costs associated with
global deployment and the lifespan of the microgrid are taken into account in the 20-
year period. The simulation results show that in the first scenario, using 50 kW of
solar energy and 15 kW of wind energy. The amount of energy purchased from
electricity network will be reduced by 117,021 kWh per day, which will reduce the
cost of electricity. The consumption and release of carbon dioxide in the amount of
71,153 kilograms of carbon dioxide also exceeds the consumption of the contract.
The electricity bill, which is accompanied by the implementation of the penalty,
prevents the second statute, which was amended to include a hybrid microgrid
system. The proposal will meet the university's energy needs in a sustainable manner
and independent of the grid, with the aforementioned microgrid 27.63 percent
renewable energy penetration rate contributes to the clean campus concept.
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Introduction

Recent developments in the energy sector, particularly the continuous growth in electricity demand,
the depletion of fossil fuel resources, and increasingly strict environmental regulations, have
emphasized the need to transform conventional electricity generation and distribution systems. In this
context, renewable energy resources integrated within distributed generation frameworks and
microgrids have emerged as effective solutions for sustainable power system planning. Microgrids
enable local electricity generation, reduce transmission and distribution losses, enhance system
reliability and flexibility, and facilitate the transition of consumers from passive electricity users to
active participants in energy production.

Educational campuses and public institutions represent suitable candidates for microgrid
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implementation due to their relatively predictable load profiles and regulatory obligations to integrate
renewable energy sources. However, the optimal design and planning of hybrid energy systems that
simultaneously satisfy technical, economic, and environmental objectives remain a significant
challenge. Therefore, this study aims to develop an optimally designed and sustainable hybrid
microgrid to ensure reliable and cost-effective electricity supply for an educational complex.

Methodology

In this study, a hybrid energy system based on a microgrid architecture is designed and analyzed by
integrating multiple energy sources, including solar photovoltaic panels, wind turbines, battery energy
storage systems, a diesel generator, and the utility grid. The system components are selected and
modeled based on their economic, physical, and operational characteristics. A comprehensive
optimization framework is employed to determine the optimal configuration and operational strategy
of the system with the objective of maximizing renewable energy penetration while minimizing
operational costs.

To evaluate system performance under different operating conditions, two distinct scenarios are
considered. In the first scenario, the microgrid operates in grid-connected mode, allowing energy
exchange with the utility grid. In the second scenario, a diesel generator is added, and the microgrid is
disconnected from the main grid to simulate islanded operation. Annual simulations are conducted to
assess energy production, load balancing capability, and overall system performance under each
scenario.

Results

The simulation results indicate that the proposed hybrid microgrid is capable of producing 476,804
kWh of electrical energy annually, which fully meets the electricity demand of the studied educational
campuses. In the grid-connected scenario, the installation of a 50 kW photovoltaic system combined
with 15 kW vertical-axis wind turbines results in a total annual renewable energy generation of
117,021 kWh.

This level of renewable energy integration significantly reduces reliance on the utility grid,
decreases electricity purchasing costs, and prevents penalty charges associated with exceeding the
contracted demand. Additionally, the renewable energy contribution satisfies the regulatory
requirement of supplying at least 20% of electricity consumption in public institutions from renewable
energy sources.

In the islanded scenario, the incorporation of a diesel generator enables the microgrid to
independently supply the entire electrical load. Under this configuration, renewable energy sources
and the diesel generator collectively ensure continuous and reliable power supply without reliance on
the utility grid.

Discussion

The results demonstrate that hybrid microgrids integrating renewable energy sources and backup
generation units can effectively supply electricity to educational campuses under both grid-connected
and islanded operating conditions. The grid-connected scenario offers economic advantages by
reducing electricity costs and complying with renewable energy regulations, while the islanded
scenario enhances system autonomy and resilience.

Although the islanded configuration relies partially on a fossil fuel-based diesel generator, local
energy generation eliminates transmission and distribution losses associated with centralized power
systems. Consequently, from a macro-level perspective, this approach contributes to improved energy
efficiency and potential fuel savings. Overall, the findings highlight the practicality, economic
feasibility, and sustainability of optimally designed hybrid microgrids and provide valuable insights
for energy planners and policymakers seeking to promote decentralized and renewable-based energy
systems.
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