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 In this paper, a combined cooling, heating and power system for using heat losses in PEM fuel cell has 
been proposed that  can be used for residential application. This system consists of PEM fuel cell, heat 
storage tank, absorption chiller, hydrogen tank, air compressor and pump. Heat generated in fuel cell 
has been absorbed by a working fluid and a part of heat has been given to absorption chiller and another 
part to heat storage tank. Modeling of this system has been done from four energy, exergy, FESR and 
CDER perspective. Fuel cell of this CCHP system generates 38.63 kW electrical power and 39.17 kW 
heat power. Energy efficiency of fuel cell singly is 37.21% but when heat storage tank and absorption 
chiller have  been used for recovering waste heat, energy efficiency reaches to 68%. Maximum 
irreversibility loss occurs in fuel cell which is calculated 47.21 kW and absorption chiller irreversibility 
has been calculated 5.94 kW. From the viewpoint of FESR and CDER in comparison with conventional 
systems, FESR and CDER are 34% and 25% respectively. Also, analysis has shown that with increasing 
fuel cell operating pressure energy and exergy efficiency increased. 
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Fig. 1 Schematic of cycle 
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Fig. 2 Schematic of absorption chiller 
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Fig. 3 Exergy flow balance of single effect absorption chiller 
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Table 2 Coefficient for Li/Br Water entropy calculation 

3 2 1 0 i 
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Fig. 4 Conventional systems for energy supply of a building 
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Table 3 Input parameters for energy and exergy modeling of PEM fuel 
cell [13,15] 

   
  2 (-) 

 96485 (Cmol-1) 

 293.15 (K) 

 1 (bar) 

 420 (-) 

 232 (cm2) 
 3 (bar) 

  80 (0C) 
  0.6 (Acm-2) 

 1.5 (Acm-2) 
 285550 (Jmol-1) 
 1.2 (-) 

 2 (-) 

 28.86 (J mol-1K-1) 

 29.72 (J mol-1K-1) 

 28.39 (J mol-1K-1) 

 75.95 (J mol-1K-1) 

 0.00000012 (Acm-2) 
 85 (%) 

4   
Table 4 Output results of fuel modeling 

  [13]   
[%]  

 

 0.66 0.6787 2 (V) 

   38.63 - - (kW) 

  39.17 - - (kW) 

 0.0335 0.0341 1.7 (V) 

 0.0036 0.00365 1.3 (V) 

 
0.5081 0.521 3.7 (V) 

 
0.36 - - (mol s-1) 

 
0.3 - - (mol s-1) 

 
37.21 - - (%) 

 
45 - - (%) 

 
47.21 - - (kW) 

5   
Table 5 Input parameters for energy and exergy modeling of 
Absorption chiller 

   
 [31] 5 (kPa) 

 [31]  0.9 (kPa) 

[32]  72 (0C) 

 0.3 (kg s-1) 

 19.56 (kW) 

6  
Table 6 Output results of thermodynamic modeling of absorption 
chiller  

 

  
(0C) 

  
(kg s-1) 

  
(kPa) 

  
(kJ kg-1) 

  
(kJ kg-1K-1) 

1 40.3 0.3000 0.900 107.4 0.2405 
2 40.3 0.3000 5.000 107.4 0.2405 
3 62.5 0.3000 5.000 151.2 0.373 
4 72.0 0.2997 5.000 170.3 0.4274 
5 49.8 0.2997 5.000 126.4 0.2979 
6 41.2 0.2997 0.900 126.4 0.2452 
7 71.9 0.0003 5.000 47457.7 155.3 
8 32.9 0.0003 5.000 2481.1 151.2 
9 5.4 0.0003 0.900 2481.1 162.4 
10 5.4 0.0003 0.900 45227.8 162.4 
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Table 7 Performance results of absorption chiller 

   

 19.56 (kW) 

 12.53 (kW) 

 18.91 (kW) 

 13.15 (kW) 

 0.64 (-) 

 5.95 (kW) 

8  
 Table 8 Input parameters for overall performance analysis of cycle 

   
[13]   Tcool 9 (0C) 

  [13]   Theat 43 (0C) 
[29] COPe 3 (-) 

b  [29]   0.8 (-) 
conv [33]   0.3 (-) 

fµ[34]    220 (gr kWh-1) 
eµ[33]    836 (gr kWh-1) 

9   
Table 9 Simulation results of performance analysis of cycle 

   
CHP 55.9 (%) 

 
49.1 (%) 

CCHP 68 (%) 

CHP 46.3 (%) 

 
44.2 (%) 

CCHP 45.5 (%) 
 34 (%) 

  25 (%) 

 
7 8 

 .
  7 8 
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Fig. 5 Flowchart of system modeling 

5  

Fig. 6 Voltages of PEM based on current density 
6  
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Fig. 7 Effect of hydrogen stoichiometry ratio on efficiencies 
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Fig. 8 Effect of hydrogen stoichiometry ratio on exergy efficiencies 
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Fig. 9 Effect of percent of maximum electrical power on CDER and 
FESR 
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Fig. 10 Effect of percent of maximum electrical power on COP of 
absorption chiller 
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Fig. 11 Effect of operating pressure of PEM fuel cell on energy and 
exergy analysis  
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Fig. 12 Effect of operating pressure of PEM fuel cell on efficiencies  
12  

  
Fig. 13 Effect of operating pressure of PEM fuel cell on FESR, CDER 
and COP of absorption chiller 

13 
 

9 -    

 .
 

- 
38.63  .39.17 

50% 
50% 

12.53 COP 0.64 .  
- 37.21%

55.9%
49.1% 

68%  
- 45%

46.3%
44.2% 
45.5%  

- 
34%  

- 
25%   

  
  

 
Fig. 14 Irreversibility losses in system components 
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