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The main goals of this research are to investigate energy extraction from renewable
sources and design a hybrid system in Qeshm Island. To achieve this approach, first,
using wind speed data, the Weibull distribution function and the gamma function,
the probability density of wind speed, force power, and the amount of energy
extraction from the wind turbine were calculated. Next, the speed of water flow in
Laft Port (Qeshm Island) was obtained and the power of tidal waves and energy
extraction from the hydro turbine were calculated. Finally, used by HOMMER
software, a hybrid model of 3 MW solar panel, 100 kW wind turbine, and 100 kW
tidal hydro turbine with converter and battery was designed and the amount of clean
energy that can be extracted from the system and its cost were calculated. The results
of the wind power showed that the practical power of the turbine by diameter of 4 m
at 10 m above ground is 375 watts and at 50 m is 982 watts, which can produce
electricity in the 4176 hours/year. Calculations related to tides showed that 206
MWh of electricity can be produced annually, but if a 100-kW turbine is installed,
more than 900 MW can be obtained. The results of the hybrid system showed that is
possible to produce 2.6 GWh/year and provide the energy consumption of 575
households per year. By the implementation of this hybrid project, the cost price of 1
kWh of renewable energy will be about 2.3 $, and the current net cost will be
13,769,120 $.

Cite this article: Amirshekari, N.; Nohegar, A. & Sazvar, Z. (2024). Design and Analysis of a Hybrid System of Clean Coastal Energy in
Qeshm Island. Journal of Sustainable Energy Systems, 3 (3), 249-269. DOI: http//doi.org/10.22059/ses.2024.379701.1080

© Nima Amirshekari, Ahmad Nohegar, Zeinab Sazvar
BY NG DOI: http//doi.org/lo.22059/ses.2024.379701.1080

Publisher: University of Tehran Press.

1. Introduction

This research provides a comprehensive look at the issue of clean energy on Qeshm Island. It
considers a diverse combination of energy sources, referred to as coastal clean energy, which includes
tidal hydro turbines, wind turbines, and photovoltaic panels, supported by the thermal power plant.
Therefore, this research aims to evaluate the feasibility of extracting renewable energy using a hybrid
system, determining the amount of energy produced and the final cost per kWh.

2. Materials and methods

The case study is Qeshm Island. First, the potential for wind energy extraction was determined using
the Weibull distribution function and calculations of energy density and the theoretical-practical power
of wind turbines. Next, the average power density in sea waves was calculated using the height of the
tide, wave, and water speed. Then, mathematical relations were used to calculate the power of
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electricity generated from the tide. After completing the calculations related to wind and tidal energies
on Qeshm Island, the hybrid energy system, which combines clean coastal energies, was designed and
implemented using HOMER software.

3. Result

The results of the wind energy parameters showed that at a height of 10 m above ground on Qeshm
Island, the wind power is about 121 W/m2. At an altitude of 120 m above ground, the wind power is
about 350 W/m2. The wind is present in Qeshm for 6,425 hours per year. For about 4,176 hours per
year, the wind speed is within the range of the turbine's starting and stopping speed. For wind turbines
with a blade diameter of 4 m and a sweeping surface of 12.56 m?, the theoretical power of the turbine
is 2,672 watts. The practical power of the turbine with a diameter of 4 m is 982 watts at a height of 50
m. At a height of 10 m, the theoretical power of the turbine is 1,020 watts, and the practical power is
375 watts for a turbine diameter of 4 m.

The energy produced annually by a tidal hydro turbine device on the coast of Bandar Laft was
calculated by multiplying the number of hours in a year (8,760) by the annual average electricity
energy (47.2), resulting in 413,641 kWh. Considering an efficiency of 50%, the production power is
evaluated at 206,820 kWh (equal to 206 MWh). Taking into account the width of the range and the
diameter of the device, and maintaining a distance of 2.5 times the diameter of the turbine between
each device, it is possible to design a power plant where, if 10 turbines are implemented, the annual
production power is equal to 4,136,416 kWh. With an efficiency of 50%, the production power is
estimated to be 2,068,208 kWh (2 GWh).

The results showed that from the implementation of the hybrid model, about 6.2 GWh of electricity
can be produced annually, of which 82.8% will be from the solar energy system. Additionally, about
0.96 GWh of electricity (964,197 kWh) can be extracted from tides by installing a 100 kW turbine on
the shores of Bandar Laft. With a 100 kW wind turbine, about 119,370 kWh of electricity can be
generated per year. The cost of 1 kWh of clean energy on Qeshm Island was estimated at $3.22.

4. Conclusion

It can be concluded that Qeshm Island has the potential to harness energy from natural and renewable
sources. By investing in the solar energy sector and particularly in tidal hydroturbines at Laft Port on
the northern shores of Qeshm Island, along with pilot wind turbines, it is possible to obtain clean and
reliable energy. Additionally, electricity from the thermal power plant can be considered a supporting
and backup source for renewable energies.
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