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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 

2  

 
Fig. 3 Exergy flow balance of single effect absorption chiller 

3  

)  51 (
[25] . 

 (51) = + + + + +  
-

 .EES 
 

 .] 27 [
 -

 EES 

 . (52) 
[27]  

 (52) =  

i j 2  .
 )53 (

[27] .  

(53) 40 210
40 65  

-5   

  

-1-5   
)  54 (

)56]  (15 .[) 54)  (56 ( 

Condenser Generator 

Evaporator 

Heat exchanger 

Qe 

Qc Qg 

1 

2 3 

4 

5 

Absorber 

Qa 

6 

Qe Qa 

4 3 

7 

Absorber 
10 

Qd 

Generator 

Heat Exchanger 

Expansion 
Valve 

 

5 

6 1 

2 
W 

Qc 

Pump 9 

Expansion 
Valve 

 

Evaporator 

Condenser 
8 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
18

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

29
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.18.5
https://mme.modares.ac.ir/article-15-3622-fa.html


    

                            

1395163  389  

   
 

   
   

    
 .  

(54) =  

(55) =
+

 

(56) =
+ +

 

-2-5  

) 57)  (58 (] 23.[  

 (57) = 1  

(58) , =
[ + ] ,

 

 ) 59 (
)61]  (15.[ 

(59) , , =
+ (1 )

[ + ]
 

(60) , , =
+ (1 )

[ + ]
 

(61) , =
+ 1 + (1 )

[ + ]
 

, ,  (59) 
 43 

[13]  .(60) , , 

 9 
[13].  

-6  
 .

 
  

4  .
   

  

 2 -  
Table 2 Coefficient for Li/Br Water entropy calculation 

3 2 1 0 i 
1.021501

× 10  
1.364895
× 10  

1.22678
× 10  

5.127558
× 10  Bi0 

0 1.068904
× 10  

9.156820
× 10  

1.393954
× 10  Bi1 

0 1.381109
× 10  

1.820453
× 10  

2.924145
× 10  Bi2 

0 1.529784
× 10  

7.991806
× 10  

9.035697
× 10  Bi3 

  
Fig. 4 Conventional systems for energy supply of a building 

4  

 
) 62)  (63 ( ] 28.[ 

(62) =  

(63) = + +  

)62)  (63(     
  

 CCHP 
  

 .

(64) (65) [28] . 

)64)   (65 (  
FESR   

-7  

 

(66) (69) [29] .

 .
 

  
 ) 

[30] .(65) 
1

(67) (68)2

  
[29] . 

(66) = 1  

1 Carbon Dioxide Emission Reduction 
2 Carbon Dioxide Emission 

)64( = + +  

)65( =
+ +

 

Boiler 

Electrical 
chiller 

Egrid 

Building Qc 

Qh 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

3.
18

.5
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
3-

29
 ]

 

                             7 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.3.18.5
https://mme.modares.ac.ir/article-15-3622-fa.html


    

                            

  

390  1395163  

(67) = +  

(68) = +  

-8   
CCHP 

 .

 .

 EES

] 15,13 [3 
 4 

 .
5 [26] . 

6  
7 

  4 

 [13]  
[14]   

5  EES 
6 7   .6   

  
3 

]15,13[  
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Table 7 Performance results of absorption chiller 
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 Table 8 Input parameters for overall performance analysis of cycle 
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Table 9 Simulation results of performance analysis of cycle 
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Fig. 5 Flowchart of system modeling 
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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. 12 Effect of operating pressure of PEM fuel cell on efficiencies  
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Fig. 13 Effect of operating pressure of PEM fuel cell on FESR, CDER 
and COP of absorption chiller 
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Fig. 14 Irreversibility losses in system components 
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