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Article History: This paper addresses the challenge of optimal design and planning for a
Received 01 October 2025 hybr.ld renewable energy system (HRES). The system comprises a wind
Revised 07 October 2025 turbine, a photovoltaic array, a battery storage unit, and an electrical load.
Accepted 16 November 2025 The primary objective is to determine the optimal technical sizing of the

Available Online 08 December 2025  System components to minimize the total annualized cost, which includes
capital investment, operation and maintenance, and depreciation costs,
Keywords: while simultaneously ensuring a reliable power supply to meet the
consumer demand. The solar panel area, the wind turbine rotor swept
Optimization area, and the _battery bank cap_ac_ity are considered_as the key decision
Metaheuristics varlables._Thls complex_ optimization prot_)lem_ is formulat_ed as a
Modeling mathematical programming model with linearized constraints and
Mathematical programming objective function. The proposed model is then simulated using real-
world data for solar radiation and wind speed from a specific location in
Khorasan Razavi Province, Iran. To identify the optimal configuration,
several meta-heuristic optimization algorithms are employed to solve the
model. The results demonstrate that all the applied methods are capable
of finding solutions near the global optimum; however, a comparative
analysis of algorithm performance reveals that the Particle Swarm
Optimization (PSO) algorithm vyields the best results in terms of
convergence accuracy and solution stability. This finding provides a
valuable guideline for engineers and designers aiming to achieve
economic optimization of hybrid energy systems in similar regions.
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1. Hybrid Renewable Energy Systems
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Table 3. Houry data of irradiation, wind speed and load.

Time(h) | Irradiation(W/m?) | Wind(m/s) | Load(kW)
1:00 0 25 0
2:00 0 2.8 0
3:00 0 2.8 0
4:00 0 31 0.9
5:00 0 3.1 1.8
6:00 200.2 2.8 2.7
7:00 472.7 3.3 3.6
8:00 7275 44 45
9:00 947.4 5.6 54
10:00 11174 6.7 6.3
11:00 12259 8.1 7.2
12:00 1265.5 9.4 72
13:00 12335 10.0 6.3
14:00 1132.1 10.0 6.3
15:00 968.2 10.0 5.4
16:00 752.9 94 54
17:00 501.0 8.6 7.2
18:00 2295 72 6.3
19:00 0 6.4 54
20:00 0 5.8 45
21:00 0 5.8 2.7
22:00 0 5.0 0.9
23:00 0 3.9
24:00 0 25 0
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Table 4. The simulation results.

Method X1 Xy X3 f
PSO 21.88 25.0 14.64 7425.58
GA 21.88 25.0 14.64 7425.99

WOA 30.00 25.0 14.18 744424

MFO 21.89 25.0 14.64 7425.60
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Table 1. The values of cost coeffients.

Coefficient Value Coefficient Value
o3} 800 Cs 30
C, 1500 Ce 0.4531
3 600 DR 0.06
Cy 20 PL 10 years
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Table 2. The values of technical parameters.

Parameter Value Parameter Value
Npy 0.18 PV pmax 10
Nwind 0.35 Windpn 0
Neh 0.9 Windmax 20
Nais 0.9 Batt iy, 10
PR 0.9 Batt s 100
PV in 0 w 0.2551
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