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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this paper, a combined cooling, heating and power system for using heat losses in PEM fuel cell has
Received 04 January 2016 been proposed that can be used for residential application. This system consists of PEM fuel cell, heat
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‘Available Online 26 March 2016 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

Keywords: part to heat storage tank. Modeling of this system has been done from four energy, exergy, FESR and
CCHP, PEM fuel cell CDER perspective. Fuel cell of this CCHP system generates 38.63 kW electrical power and 39.17 kW
Absorption chiller heat power. Energy efficiency of fuel cell singly is 37.21% but when heat storage tank and absorption
EgiscFiency 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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Table 4 Output results of fuel modeling
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Table 3 Input parameters for energy and exergy modeling of PEM fuel
cell [13,15]

9=l e &o955 Al

“) 2 ous Jaine (g xSl slasy
(Cmol™) 96485 03l )lb o o
(K) 293.15 e sles
(bar) 1 b Lis
6] 420 J Sl o Jshw slows
(cm?) 232 Jslw ,o cluwo
(bar) 3 J )5 jled
‘c) 80 S sleo
(Acm?) 06 & b S
(Acm?) 15 s by J&=
(dmol™) 285550 O3sadee Wb Gl )
G 12 039N (8 FagaS gl Cand

O] 2 192 (6 yingaS g o

(@ mol*K?) 28.86 O3sred o5y (Sl bl
(I mol*K™) 29.72 OS] 052 Sl o
(I mol*K™) 28.39 O3 0%g (Sl b b
(J mol'K™) 75.95 Sleig )l eud )b
(Acm™) 0.00000012 oy Jobs J&=
(%) 85 o yaS” Lokl

390



S HB o3l e 9 SBlb)la dgexe

Al G0 5l s7e > Sy Az 5o 5wk oo SR sy 8l
STy 53 39t (S yageS gl iyt 3l 48 5 T (sladSs
el ool @By s 65,551 5 551 slaplenl; » lerdy 2SI
oyt Gl L el akie 8 5 T oS a5 ebles
Sy 4258 l 4 Gl o0 9 Wboe 2L Blessly (0395908 (5 oS il
SrogeS gl capo b aS 050 bl )5k Wb sk (SEge S &

ol Gl s laaily B oS )5 0l (39000
S g Sl s alie ol 0 ead @l e
5e0 Ll ) i b oaiiS G pue i 4y s Lol wend lysleS’ 38.63
Ol 50 a8 (0 )1 095 (el Bl 5l eSSl 50 8)lge Sl oam 3 U
g Wlg oo o a5 Sly yiSlas 4 sodey (SO Sl lg cos dllas
Sl oo, )_._'L 9 US 0 0gd o0 00l lgs S Tas 5l oo o caus
sanlie B (FoVl 5 cope Bran oS aops  (Sopsll ol

Teent, Aceit; Neen Known
[13,15]

i—N

\]
i=i+l |

End Yes \l/

P (i) = P (max)

No

m

FESR and Energy Exergy
CDER Analysis Analysis

Output

Fig. 5 Flowchart of system modeling

s (55l Jde O lzgld 5 Sl

09 ¢
08 §
07 f
06 f
05 f
04 §
03 F
02 f
01 f

Voltages (V)

0 02 04 06 08 1
i(A cm?)

Fig. 6 Voltages of PEM based on current density
S J sy com Ol JB5 6 S

391

65,551 555 Alitee s Jlez 5l e (53l | (S50 @S
P 58 oS demST g0 (San¥l (alS 5 Cosw Sras JlalS ao)
Sl ateie @l ol &S jebiles g sl csalie B 9 Jgux
Cowl g BB 5 caslio B [z a5l oad slpiiey o
[15,13]

3 Slae y ilin slofialyly 3l ) 50576 D)lzsls 5SS 5
el ,5b alae ol jo aSiyl a4 dax gl Ll 00l ools yLis picew
Wiloads owyp CDER 5 FESR (535,551 «s5, Jluw p il
1S o g P) 5 U5 53 a8bse S 9 5 S sl
Ju 65 Led by lp Se a2l oo (slajloges (sl miie
U adsl jlase G 5l S5 we (g0l 5o jLzd ol jo oS aus oz SBgw
A Hlad Sl Ceend 1o 5 098 o0 (et awlio Slaws 4y ST lads
5 dle P(i) slogewl b 0gi o0 ools ool alie oS & P(i) e
IS5 le b ails l g 0 (oo o S THL T G 5 93,57 0253
Aol By g 09 (g by lad Sl i ples P(I) 45 558
Dgds g0 cibgie Slwlre dusyy 095 ST 4 pli

ool Lz B S jo e o255y 5 sl cdl ol s gogee
Obyz B Ll b el akie 6 USG5l aS jebles .l sals

Pz shz o Shee @S T Jgu
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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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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