
  

  13951612 425 -432
                

  

    

     
mme.modares.ac.ir

  

    

    

    

    
                

 

  
:  Please cite this article using:

A. R. Zahedi, S. A. Amirkhalili, A. Ghaffari Nejad, Lab Scale Production of Wind Power-Fuel Cell Hybrid Systems by Use of Electrolysis Process and Study of Technical Analysis, 
Modares Mechanical Engineering, Vol. 16, No. 12, pp. 425-432, 2016 (in Persian) 

- 
  

*12 3  

1-    
2-    
3-  

 *1184613114zahediar@iust.ac.ir

      
  

 :14 1395  
 :12  1395  

 :28 1395  

      .
   . 
     .    

  .
 .  :

 
  .    .

  .

 . 304   .
 mW 1008  ..  

  

   
  

  

  

Lab Scale Production of Wind Power-Fuel Cell Hybrid Systems by Use of 
Electrolysis Process and Study of Technical Analysis 

Ali Reza Zahedi*1, Seyed Amirali Amirkhalili1, Ali Ghaffari Nejad2 

1- School of New Technologies, Iran University of Science and Technology, Tehran, Iran 
2- Department of Chemistry, Iran University of Science and Technology, Tehran, Iran 
* P.O.B. 1184613114 Tehran, Iran, zahediar@iust.ac.ir@address.ac.ir  

ARTICLE INFORMATION ABSTRACT
Original Research Paper
Received 04 September 2016
Accepted 02 November 2016
Available Online 18 December 2016 

Wind has become one of the developing sources of renewable energy in recent years. Wind power is 
often unusable at peak times. Therefore, a storage system or backup power is always necessary. In this 
study, a hybrid system is presented for a wind farm to provide the reliable power. The hybrid system 
consists of four main components: a wind turbine, electrolyzer, hydrogen storage and fuel cell. The 
mechanism of this system is that the extra electricity produced in fewer demand hours by wind turbines 
is conducted to a hydrogen and oxygen generator system. Hydrogen and oxygen are compressed and 
stored in special tanks. Then, hydrogen is introduced to a fuel cell unit in order to produce electricity at 
peak times (when the electricity produced by wind power is less than demand). The hydrogen 
production rate by alkaline electrolysis as well as the electricity production by PEM fuel cell was 
investigated. The maximum hydrogen produced by the system per hour average was 304 ml and the 
power produced by the fuel cell was 1008 MW. After the construction of the prototype, a case study for 
this system was done in the Kouhin area. 
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Fig. 1 Schematic of the proposed hybrid system 
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Table 1 Compare hydrogen production using different electrodes 
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Fig. 2 Hydrogen production shift based on the applied voltag  
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Fig. 3 Hydrogen production shift based on the input power to the 
electrolyzer 
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Fig. 4 Volumetric flow rate of hydrogen in terms of time 
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Fig.  5 Aeration and pre-heating the fuel cell polarization curve in the 
air 
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Fig.  6 Chart fuel cell polarization and lack of pre-heating the air in 
aerated 
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Fig. 7 Chart fuel cell polarization in a state of aerated and non-preheat 
the air 
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Fig. 8 Fuel cell test in laboratory  
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Fig. 9 The hydrogen produced in three hours 
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Fig. 10 The power produced by the fuel cell 
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Fig. 11 Wind turbine power curve used. 
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Table 2 Determine the speed of rotation of the wind turbine in different 
dimension 

  
  

   
)kg(  

  
)m( 

  
)kgm3(  

   
)rads-1( 

  
)RPM(  

3 0.1 0.3 0.009 105 1007 
3 0.1 0.4 0.016 79 755 
3 0.1 0.5 0.025 63 604 
3 0.1 0.6 0.036 53 503 
3 0.2 0.3 0.018 75 712 
3 0.2 0.4 0.032 56 534 
3 0.2 0.5 0.05 45 427 
3 0.2 0.6 0.072 37 356 
3 0.3 0.3 0.027 61 581 
3 0.3 0.4 0.048 46 436 
3 0.3 0.5 0.075 37 349 
3 0.3 0.6 0.108 30 291 
3 0.4 0.3 0.036 53 503 
3 0.4 0.4 0.064 40 377 
3 0.4 0.5 0.1 32 302 
3 0.4 0.6 0.144 26 252 
3 0.5 0.3 0.045 47 450 
3 0.5 0.4 0.08 35 338 
3 0.5 0.5 0.125 28 270 
3 0.5 0.6 0.18 24 225 

  
 3   

Table 3 The weather data Koohin area in three years 

 2002 2003 2004  3  
C) -16 8- 10.2- 4-  

C) 40 42.4 37.8 40.1 
C) 14.1 13.6 14 13.9 

(%) 53 55 54 54 
 339 410 326 358.3  
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Table 4 Technical specifications wind turbine NTK 300 

   
 kW 300 
 m 28 

 m 31 
 ms-1 4-25 

 - 3  
  

 
Fig. 12 Wind turbine power curve NTK 300 
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Table 5 Average wind speed at a height of 40, 60 and 80 yards 

  
)ms-1( 

   
(%) 

  
)m( 

7.31 94.4 40 
7.78 94.8 60 
8.18 94.5 80 

 6     
Table 6 Various capacities for system components taken into account 

  
) 

  
)kW( 

  
)kW( 

  
)kg( 

  
)kW( 

3 100 200 1500 100 
4 120 300 2000 200 

 150 400 2500 300 
 200 500 3000 400 
  600 3500 500 
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