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In this study, optimization of a solar cooling system assisted ground source Heat Pump system (GSHP) 
is performed. The optimization process was carried out using a multi-objective evolutionary algorithm. 
Three optimization scenarios, including thermodynamic single objective, thermoeconomic single 
objective, and multi-objective optimizations, are performed. In the case of multi-objective optimization, 
an example of a decision-making process for selection of the final solution from the Pareto optimal 
frontier is presented. It was concluded that the multi-objective optimization considers two objectives of 
thermodynamic and economic, simultaneously. The results obtained using the various optimization 
approaches are compared and discussed. It is shown that the thermodynamic optimization is focused on 
provision for the limited source of energy, whereas the thermoeconomic optimization only focuses on 
monetary resources. In contrast, the multi-objective optimization considers both energy and money. The 
results showed that percentages of deviation from ideal values of thermodynamic and economic criteria 
for the thermodynamic optimized system were 0 % and 905 % respectively. These percentages for the 
economic optimized system were 104 % and 0 %, respectively. Deviation values from minimum ideal 
point for the multi-objective optimized design were obtained 10 % and 88 % for thermodynamic and 
economic criteria, respectively. It was concluded that the multi-objective design satisfies the 
thermodynamic and economic criteria better than two single-objective thermodynamic and economic 
optimized designs. 

Keywords:
Multi-Criteria Optimization 
Hybrid Ground Source Heat Pump 
Solar Cooling 
Genetic Algorithm

  

1- 
 1 

   .

1- Ground Source Heat Pump(GSHP) 

  .
  

   
  .  



    

     

  

52  1395161  

 
 

    .
 1 

  .
 

 
  . 

2 
  .

   

  .
 

 .  
 

 .  
 .

 ( )  
 

 
 .

   
  

 .1996 
] 1.[  

2006 - 
 

  .  
  

 . 
 ] 2.[  

2009  
   . 

   . 
 

 ] 3.[  
2009  

   .
  . 

 
] 4.[  

1- Hybrid Ground Source Hear Pump(HGSHP) 
2- Ground Heat Exchanger(GHX) 

2013 

 . 
7 

 . 

] 5.[  
2013 

 
     ]6.[  

  
  .  

 
 .

   
2010 

 .

 ] 7.[  
 2011  

 
 .

 
] 8.[  

2011 
 

  ] 9.[  
2012  

 .

21 42% 
] 10.[  

2013   
 . 10 

   

80%  ] 11.[  
  

 .

 .  



    

     

1395161  53  

 
 

 .
 

   .

 .  
 

2-   

352 ) 100  ( 1 
 .

12 7 
  .20 

 ] 12,4   .[
40 24  

 .
 60% 

   .
134a-R   .

50   

3-   
1-3 - 

   
   

   
    
  
  

  
 

 
   

-  
  

  
   
   
 80% . 
 80%  

 ( )  ( ) 
  

  

Fig.1 Schematic of system  
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Table 1 Exergy balance equations for components of the 
HGSHP system that are schematically shown in fig.1 
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Fig. 2  Pareto optimal frontier of a multi-objective 
optimization 

2      



    

     

1395161  57  

  
Fig. 3  Flow chart of NSGA-II algorithm 
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 3   
Table 3 The values of decision variables 
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Fig.5 Effect of velocity in ground heat exchanger on 
objective functions 
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Fig.6 Effect of saturation temperature of evaporator on 
objective functions  
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Table 4 The results of energy analysis  
    

  
  

  
  

  
) kg(  2.14 2.62 2.20 

) kg(  57.36  63.85 73.13 
 ) kg(  3.79  23.01 5.19 

) kg(  193.11  35.77 201.17 
 ) kg(  0.12  0.16 0.12 

 1 )kW(  1.32  1.032 1.32 
 2 )kW(  8.48  2.88 9.87 
 3 )kW(  0.02  0.01 0.01 
 4 )kW(  31.47  0.05 33.09 
 5 )kW(  0.15  0.88 0.20 

) kW(  56.74  182.14  71.52 
) kW(  98.25  187.34  116.09  

 )kW(  240.89  280.44 247.61 
) kW(  143.73  243.09 148.04 

) kW(  330.29  429.07 339.82 

6.20  1.93  4.92  

3.58  1.88  3.03  

 

 6.201.93 4.92   
 3.581.88 3.03 3.58  .

 
   . 5  6 

   ) 
 (  

 7  

  ( )
  .   7 

 
 )10.45 $ hr(-  

100

200

300

400

500

600

700

800

1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6 2.8 3

va
ria

tio
ns

 o
f o

bj
ec

tiv
e 

fu
nc

tio
ns Total irreversibility rate (kW)

Total levelized cost rate ("$ /"hr )

_

100

200

300

400

500

600

700

800

-15 -13 -11 -9 -7 -5 -3 -1 1 3 5 7

va
ria

tio
ns

 o
f o

bj
ec

tiv
e 

fu
nc

tio
ns Total irreversibility rate (kW)

Total levelized cost rate ("$ /"hr )

_ ( )



    

     

1395161  59  

 5    
Table 5 Specifications for heat exchangers 
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