Comparative Performance Analysis of Hybrid PEM Fuel Cell Hybnd
Systems

Byung June You, Tong Seop Kim, Young Duk Lee and Kook Young Ahn

Key Words: PEMFC(ZL2#-43d A= %1%]), Atmospheric Pressure Hybrid System(’d3t3 3}o]
Bl Al 2Hl) Pressurized Hybrid System(7}4d  stolHE = A]AH), Steam
Reforming(5=<71 711 )

Abstract

Design performances of various configurations of the PEMFC/GT hybrid systems have been
evaluated. Based on PEMFC adopting steam reforming, various system configurations (one ambient
pressure configuration and three different pressurized configurations) were designed and their
performances were compared. Their Performances are also compared with the reference PEMFC system.
Influences of turbine inlet temperature, pressure ratio on the hybrid systems performance were
investigated and design ranges exhibits better efficiency than the PEMFC system were presented. One
of the pressurized system may have much higher efficiency than the PEMFC system, while other
systems hardly provide efficiency upgrade.
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Fig. 1 Atmospheric pressure SR-PEMFC System

Steam Reforming : CHs+H,O — 3H,+CO (2)
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Water Gas Shift : CO+H,O — H+CO; 3)
Preferential Oxidation : c:o+%o2 — o, ()
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Fig. 2 Case 1 - Atmospheric pressure SR-hybrid
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Fig. 3 Case 2 - Pressurized SR-hybrid System

?ﬂf—ﬂ AN wATE AF FHe e

H 2t )2 95% %

AR, ANsEe] BREYS dase BE

99 BE 5 e nes e ¢

o Asteirt
Wecac= Werepe * Neonw = Wavx (10)
WFCAC

3 =0 11

77tl,FC (m R LHV)f ( )

B et 44 Z2a308 Apgsie] A
2l RaYsn 84S Fas

2.3 SIO[EE|E AlAH 7o 2 ZHZ

PEMFC Al&=Hle]  7h2EHRIS Adst]
PEMFC/GT 3&fo]B|= A|A®lE 43513l o,
ASHATE At A Zsets F9d stelrny
= Ayl A5 AA 7L 7RtE oA AgeE )
?ﬂ 0].0]1:1,3]1: }\]/\Eﬂ U‘: ?-A—]o]_oir/} )\1-01—
3 stolBrH = A|~E(Fig. 2)2 119 FAS
#3k3laL, 7Hetd sfolHE]|= Al 2~El(Fig. 3, 4, 5)
2 MY S amHsgith gEuE ety

iiln:

o2

solngs AzgAE HE7] dHuE A1F
2 9L 19 Selsels Axyeie

(1) Case 1

Aetd slolHEE A|AES dgT b~
of F7h2 F/E FHH] YHF F davlz
Tudt davlde MR dRE I, 94
A7 & HHlE FEstH BNl S5k TRE

(2) Case 2

Al 4L Case 13 FdstH, HE7] ¢
TR FEHE A8 58 JFAAA dEdA
7h 7kkd dEHE AEdn davlds dRe
=77k s 7P° 1 7], A8E FEete] A4
A7 & Eue FEd

(3) Case 3

ARF, 37T F7lask FAY FoAEA

Ak Tpos 4%37}@1}% 7v, 7N
bt expd o g dugd  ALxv|R FHY

= Al zHoeh,

(4) Case 4

= o=
Az, 715

3727t dAD %
HRSG(Heat Recovery Steam Generator) =-1-7}2=,
F5NA Fhae} el darlw FHE
F HYS Fedh

=g , 2

g adelmnR Rl §E7e] a8
B8 JheEHRETG de 58S ARSI
dF71e BN FAERT G&E 70%, 457



A

Add CH4 + Air

combustor

Off-gas

1

Humi

difier A

y { %
Add Air

Water Tank

apoyed

ESEREIE]
apouy

&

City Water

Fig. 4 Case 3 - Pressurized SR-hybrid System

&

<

FC exhaust gas

Exhaust

apoyyed
a1hjona(3

&
<

Water Tank

City Water

NAEE () 99%, HHATEE ()

s solne s Azae e

o the 3} ol Aagict

Wupac= Wercact™ Werac— Wavx (12)

WGT: (WT_ WC/nm> * ngen,

n _ WHB,A C
th,HB (m . LHV)f

3. oA Zzf
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at a reference design condition

Hybrid systems

SR-PEM Case 1 Case 2 Case 3 Case 4
Fuel cell voltage(V) 0.7 0.7 0.768
Turbine inlet temp.(C) - 1000C

Pressure ratio - 3
Reformer inlet fuel mass flow(g/s) 0.491 0.460 0.523 0.420 0.420
Additional fuel mass flow(g/s) 0.125 0.195 0.163 0.204 0.160

Power(kW) 10

Efficiency(%) 32.3 305 | 2901 | 320 [ 344

3233



9;]\
AR %7} Azgo] F7kste] 2 &S °F 3% =+
7bskdth. 12y} PEMFC Al =813} wlalstd A
SEdads gtk

Case 4= &=, &7 E77ka7F &AX
% HRSG =772, 357104 7k dugks
Tl ATl AFEEE oF 486°C 7HH FeAlA

Atk webd AA"E TITE FA387] $aiA
THEHE d8o] Case 3 Wt} 7457
BE2 343% 2 FEsteler, PEMFC
Fo] Ajgro =z oF 2% I AT
7l A 5ol AlkE A 2=Elol A Il

S yebSl gERvE &
7 wol A AT TR 036;}% +th
A Case 1S TIT7} 800TC, ¢F&EH|7} 4 o]t
A ME7]) e mrr Azl 300T o8t
2 "ojA 7] wiel TIT7E 800, ¢&EHl= 37b
A AAZE 7bsakH, olwl oF 32.8%° Hilags
< YERAT

Fig. 79+ Case 29| TIT, tgnjol] w& &
S Ukt AAE R gTex wi
TIT7F 900°C, &¥¥E 5744 AA7F 7hsshH,
=g A28 HuFEES TITZF 900C, e
71 2 o oF 30%°|t}. case 2+ ¢HB|7} ZF7}
SrE 5719 gule] faFate] wiite] 7hAH
Arstnz oEnrt v u Hig

34 T b T L] b L]
B
32 L /E)'____E'" j__ﬁ._ﬂ-—ﬂ 4
- - = = ==d
- - el i
0fF F AT e e
PLa e
28 e
~~ - - O.' -
& 26 o7 —O=go0°c <
===== 900°C
24 == 1000°Cc |
=-ld== 1700°C
22 | i
==0=1200°C
20 1 A 1 A L A L
2 4 6 8
PR
Fig. 6 Effect of TIT and PR on the case 1 hybrid
system

Fig. 89+
< YERAT Case 32 case 1, 20 H]3] EHl
=77k el A7) W&ol TIT7F case 1, 2 X
todres, AAE iE7] 2= AR
o}
o

Case 39 TIT, &<4=H]o WE &

55 AddAZ 5 Uk oA TIT7F 600C,
FE R = a7kA] AAIZE 7hsekd, oW oF 39.1%
o] HuFEEES 7T AR JSHATH

Fig. 9ol Case 42| TIT, ¢+vje W& &8
S YERH AT case 4 E3F case 33 wpEUIA|E
case 1, 2o HJ3l] HWl &7t~ fFo]l F7hste]
TITE 600C 7kA] AAE 4 At} TIT7F 600C,
oreu) 7t 4 w) ok 36.4% © HuEgE&S e
E‘r Case 32 7|& AAZxHAM+= Case 4 HrT}

Fo] WA TIT7F 7|EAA Y We 459
E Case 4K T} da&o] 1 FolAl= PYo] A&
Zo = dgFHATH

stolH = Al=E2 TIT7E 7% AAlzdw
Sobd = ado] Aok d¥E YEith
2 AgelMe] sfejEel e AlARE ERIETTE

25 olgdte] NAVIR FHEHE AR B
300C7HA o datar wiE= 7] wj&el TIT7F io}
z]/‘\i z7}o:‘|aalzo] 17]_0]_ ]E ]
weld A" AR LEFEAS ‘ﬂ'é‘d’tﬂ
A 7bsd e TIT7 Frdess

| el fgel S/1AlE, EE HRSG &
o] AAGE Tl FARFS P
7= A% "LS‘“‘_%]E ) °J01o]o4u} }%Lag 301
B = AJ~Ee

S7ket7] Wi s
2 7HtE A8 HA EPTMAE o] Rate] F7)

oL

O

=]
2 dng TFHL G0 FEIc A=
34 1 T T T
32 L =—O= TIT=900°Cc |
==8== 1000°C
30 | =1=— 1100°C -
o8 ==ld== 1200°C
S\o/ B .
& 26 |- .
&
24 | R, _
S
22 | R~ -
20 L 1 1 1
2 4 6 8
PR
Fig. 7 Effect of TIT and PR on the case 2 hybrid
system

3234



42 T v T v T v T
40 | -
= ———E]
38 | ,E‘P"--E —rp o —] -
o = i
36 |- P T e N7 -
/\C? " "'0-
S 34 | 7 -
c /7, —O—600°C
32 o, ==E==700°C =
. =1= 800°C
30 | .
==X==900°C
28 | ==0=1000°C
26 L A L A L A 1}OODC
2 4 6 8
PR
Fig. 8 Effect of TIT and PR on the case 3 hybrid
system
42 T T T T T . L]
40 | -
38 | -
36 = -
S g
S 34| 4 —O—p00°c o
=y y -l ) 00
3 700°C
32 .
4 == g00°C
30 | ==X==900°C =
=== 1000°C
28 |- -
—4—1100°C
26 L A L L L A L
2 4 6 8
PR
Fig. 9 Effect of TIT and PR on the case 4 hybrid
system
TEHEE duet 28 AAE 252 dIEA7IH
A TITE GHA AAle 7F2=ERl E3o] 7HAas)
ARk, F7HE ARHA] FHs dASA FASE
HA F7F ARFS Y 5 7] "ol &80l
HHah olge] Ane PASY, 4E ol
veE sy HuzHon ¢E/E TE
i, AsRHAA vkl o3 EH€ISIPF A
o Fa gslolt}
4.8 2

PEMFCS} 7}A~EWS At o7 71x AF¢t
3, 7k stelnE AxwlE FAste] A
A% dAS FaAsoth. A A} TFE R
SHLwol o]zt £ PEMFC &lo]lHEg= A~
= HHA g?ﬂ*ﬂ 719 ﬂ@§T~

o}, E3, B

AAE 7l AAzARGG f‘ﬂe‘&ti—t« T|T7}
ol Aoz gokeEd upgbA TIT, PR AAZ
7A9] H3}lo] ¢)3}e] Case 39 A T©o] case 4H.T}F
g dAE = AAZRAS A5 & Ik

2 A7e e VI V1RAR e A e
2 o] Folzl Atel.
HIEH

(1) Williams, M. C., Strakey, J. and Sudoval,
W., 2006, "U.S. DOE Fossil Energy Fuel Cell
Program,” Journal of Power Sources, Vol
159, pp. 124171247.

(2) Yang, W. J, Park, S. K,, Kim, T. S., Kim,
J. H,, Sohn, J. L. and Ro, S. T., 2006, "Design
Performance Analysis of Pressurized Solid
Oxide Fuel Cell/Gas Turbine Hybrid Systems
Considering Temperature Constraints,” Journal
of Power Sources, Vol. 160, pp. 4627473.

(3) Oh, K. S. and Kim, T. S. 2006,
"Performance Analysis on Various System
Layouts for the Combination of an Ambient
Pressure Molten Carbonate Fuel Cell and a
Gas Turbine,” Journal of Power Sources, Vol.
158, pp. 4557463.

(4) Park, S. K. and Kim, T. S, 2006,
"Comparison between pressurized design and
ambient pressure design of hybrid solid oxide
fuel cell-gas turbine systems,” Journal of
Power Sources, Vol. 163, pp. 4907499.

B) You, B. J, Kim, T. S, Lee, Y. D and Ahn,
K. Y. 2006, "Performance Analysis of PEM
fuel cell and Hybrid Power Generation
System,” Proc. of KSME, pp. 227372278.

(6) Barbir, F., 2005, "PEM Fuel Cells,” Elsevier
Inc., pp. 51752.

(7)  Aspen Technology Incorporate, 2004,
Aspenone HYSYS, ver. 2004. 02.

3235





