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Abstract  

Renewable energy has been developed in recent years due to the limited sources of fossil fuels, their 

possibility of depletion, and related environmental issues. The main challenge of these types of systems 

is reaching the optimum size in order to have an affordable system based on storing solar and wind 

energy. In this paper, optimization of a solar-wind hybrid system is presented with a saving battery 

system for supplying a specific hourly load annually to minimize annual system expenses and the 

probability of loss of power supply probability (LPSP). Annual expenses of the system include initial 

investment, maintenance, and replacement costs. The purpose of optimization is to determine the 
numbers of solar panels, wind turbines, batteries, the height of the wind tower, and the angle of the solar 

panel toward solar radiation. For this issue, a new method named grasshopper optimization algorithm 

(GOA) is employed. Also, the effects of changes in inverter efficiency, load demand, and maximum 
probability of LPSP on system designing are evaluated. Simulation results show that the efficiency 

reduction, load increase, and increasing the load and maximum reliability in the system in the form of 

reducing of LPSP lead to an increase in annual energy costs of systems. Furthermore, the results indicate 

the superiority of the GOA method toward particle swarm optimization (PSO) in reaching better target 

function and less cost. 
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Figure (1): Wind-solar-diesel hybrid system with battery storage 
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Figure (2): Flowchart of the grasshopper optimization algorithm  

 
$ ôîÉ. ówÅ ìĉ óĀÕ ½¹ ºĊÉ½Ā· Èzw£ ¡ºÉ Ĉþ´þù 5#8.+7 

Figure (3): Solar radiation during a year [30]  
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Figure (4): Ambient temperature during a year [30]  
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$ ôîÉ0 ówÅ ìĉ óĀÕ ½¹ ¹wz Ç¿ÿ ¢Ý¾Å Ĉþ´þù 5#8.+7 

Figure (5): Wind speed during a year [30]  

 
$ ôîÉ1 ówÅ ìĉ óĀÕ ½¹ ½wz ćwÑwê£ Ĉþ´þù 5#8.+7 

Figure (6): Load demand during a year [30]  
 

Table (1): PV panel information [13]  
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¾¤ùv½w~ NCOT φ IK VK PVA 

½vºêù /. 10*/, +0*+ .0*+ , 

 
Table (2): Turbine wind information [24]  
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Table (3): Battery information [24]  
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Table (4): Information on equipment costs and system life [24]  
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Figure (7): Multi-objective optimization convergence curve of GOA and PSO algorithm (Scenario 1) 
 

Table (5): Simulation results (Scenario 1) 
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Figure (8): Convergence curve of GOA in Scenario 2 

 
Table (6): Simulation results by considering inverter efficiency changes using GOA 
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Figure (9): Multi-objective optimization convergence curve of GOA and PSO algorithm for efficiency 90 (Scenario 2) 
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Figure (10): Multi-objective optimization convergence curve of GOA and PSO algorithm for efficiency 70 (Scenario 2) 
 

Table (7): Optimal system design taking with load changes 
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Figure (11): Convergence curve of GOA in Scenario 3 
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Figure (12): Convergence curve of GOA in Scenario 4 
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Table (8): Optimal system design with LPSP changes 
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Figure (13): Annual cost of the system in scenario 4 in the probability of loss of supply of different capacities 
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