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Abstract—A 50 kW phosphoric acid fuel cell(PAFC) system using natural gas was simulated for steady
state with the commercial software, ASPEN PLUS. The USER block and the FORTRAN block were
prepared to simulate the cell. The changes of hydrogen yield according to the variation of several operating
conditions were examined and the operating conditions to maximize hydrogen yield were obtained. The
simulation results agree with the real data, which can be used to prepare the basic process data and
the optimal conditions for the domestic commercial fuel cell system. H, utilization rate over 50% should
be maintained to achieve the efficiency of the conventional electricity generation. Energy consumption
can be reduced by utilizing the heat released from the reformer and the cell which are operated at
high temperatures.

.M £ HGAES oF 40% HEol),

14 dAmAR = vl dEeH FxpHeg o

deAdAe 2708 S 2 Abele] AsjAdR A T7F Adsje] AL DA Eivh dEe BFS
i ol AHr1Fehbs Aot dulH ez A8 1987:d<) 1,000 kW 2H4d ZHES A Alztslo] o] 5
2 2Hg fxd ael A(F4-~100T), F(300T AlEAstEer, AdgAx] 249 ezt Ao Ao
o] 3}) iz 22(300T o|AHAHARE FH3), Al Ao 7ol A s AAATE ASNAAF Sd B3
upel FE-B(ak, de]), £49 e 2AINAR EF 7eg gkl o)A AR FFNLANF
371 gt o] Foll A 71 b3 st v 9l = AL (NEDO)Y7} 47} o] HH L& EZ2 Ay ¥4k
Qg2 4ste] sbeAde]l M Ak 4k W)l AEAF(190T, 4 atmellA 2Hg)s} 3
ARHAE= BE 140~200C o4 A5t wjet =& W oA 8-ql 2 jkE(205C, 6 atmollA 2HE)e
Met 59 '3tpa s RER S d5E A F 7HA wralE walsted zasksnh o] At Eol=

75



76 AR - AT -
T
PROCESSING 1 ORME
e FUEL CELL STACK RANSF Sl By
SYSTEM OC-AQ) POWER
HEAT RECOVERY
SYSTEM

Fig. 1. Schematic diagram of fuel cell system
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Fig. 3. ASPEN PLUS block diagram

Table 1. Feed streams (composition, temperature, and
flow rate)(8]

Composition (mol %) Natural Gas  Air Water

CH, 94.95 0.00 0.00
C.Hg 3.90 0.00 0.00
C;H; 0.15 0.00 0.00
CO. 0.20 0.00 0.00
N, 0.79 79.00 0.00
0O, 0.00 21.00 0.00
H,O 0.00 0.00 100.00
Temperature (C) 25 25 25
Flow rate (kmol/hr) 0.37 12.10 1.00
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Table 2. Conditions of each block [2,4]

HEAT EXCHANGER 1. MHEATX

Cold side outlet temperature (T) 600
Cold side outlet pressure (atm) 2

HEAT EXCHANGER 2 : MHEATX
Hot side outlet temperature (C) 247
Hot side outlet pressaure (atm) 1

BURNER : RSTOIC
Outlet temperature (C) 800
Outlet pressure (atm) 1

REFORMER : RGIBBS

Outlet temperature (C) 700
Outlet pressure (atm) 1
S/C ratio 2.8

CO CONVERTER (High temp.) : REQUIL
Reaction: CO+H,0— CO,+H;
Outlet temperature (T) 350
Outlet pressure (atm) 1

CO CONVERTER (Low temp.) : REQUIL

Reaction: CO+H,0— CO,+H;
Outlet temperature (C) 200
Outlet pressure (atm) 1

PRODUCT COOLER 1: HEATER
QOutlet temperature (T) 165

PRODUCT COOLER 2 : HEATER
Outlet temperature (C) 190

FUEL CELL STACK : USER2

1
Reaction: H,+ EOZ—> H,0
QOutlet temperature (T) 190
H, utilization (%) 80
Voltage efficiency (%) 70

INVERTER : MULT
Efficiency (%) 98

STEAM GENERATOR : HEATER
Saturated pressure {(atm) 2
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Table 3. Comparison of simulation results with practi-
cal data (feed: methane, reformer temperature . 1000
°C, S/C ratio : 1.57)[2]

Practical Data

Simulation Results

(mol %) (mol %)
H, 66.5 67.6
H,0 11.0 10.0
CH, 1.0 0.0
CO 185 206
CO, 2.8 1.7
N. 0.2 0.2

Table 4. Comparison of simulation results with practi-
cal data (feed . methane, reformer temperature . 684
°C, S/C ratio : 2.5) [11]

Practical Data Simulation Results

(mol %) (mol %)
H, 72.04 7591
CH, 1.96 1.68
CO 15.17 13.77
CO, 10.82 8.64
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Table 5. Composition of Gas (reformer temperature : 700°C, S/C ratio : 2.8)
Stream ID) - (ynpp QUTLSFTI OUT-SFT2 FUEL ANODE  CATHODE
comp. (mol %)
H, 57.35 64.97 67.35 67.35 29.21 0.00
CO 10.33 2.72 0.34 0.34 0.74 0.00
CO. 6.80 14.41 16.79 16.79 36.42 0.00
H;0O 24.83 17.21 14.83 14.83 32.17 9.48
CH. 0.67 0.67 0.67 0.67 1.45 0.00
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Table 6. Case study of fuel cell process

Case No. 1 2 3 4 5 6
H, Utilization (%) 100 80 60 50 10 80 o
Cell Efficiency (%) 64 51 38 32 6 44
Natural gas Consumption (kmol/hr) 045 0.37 0.35 0.35 0.35 0.37
AC Power (kW) 61 50 38 32 9 43
Heat (Btu/hr) 27,877 32,515 36,190 37,850 43,199 36,190
AC Efficiency (%) 54 54 43 37 10 43
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AR An g3 2e A28 49

1L W27 2AF A Z3op) AA oA A4
39 IAHT 2ARE g dglon, o) 4 FF A
4349 Fu o] A5AAE ANAFA A7} R 2B E
AAZ 4= ok

2. 98)71x 2dzAL Aoy F1E 2
d2 9% ¢ de 29¥9E ¢ 5 ey, ol 4
el 4 S/C ¥)7} 2.5~3, £E 650~900C A xo|ct.

3. 71E w4 YAHEES A7) $3tde o)
4-80°) 50% °]4 FAEe|ok gt ol AHo2
2R Aol st AfEE Wl GgHq
AgAA Y Nt Sol upet A AR o] L3yt #
S},

# M

# QA7 FA 5ol ATHIE A Astel FA(F)
53 A=

ARBY|E
AE : potential difference [V]
AE?: standard potential difference [V]

F :Faraday constant, 96,487 [coulomb/mol]

AG :Gibbs free energy change [kJ/mol]

AG': standard Gibbs free energy change [kJ/mol]
AH : enthalpy change [kJ/mol]

AH°: standard enthalpy change [kJ/mol]
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Qr

- ole}

: mole number of electron [mol]

: entropy change [kJ/mol « K]

: temperature [K]

: reformer temperature [K]

: Ha utilization [dimensionless]

: combustion heat of species involved in electro-
chemical reaction [kJ/mol]

:heat energy available by combustion of fuel

[kJ/mol]
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10.

11.

12.

)

: system efficiency (without waste heat utilization)
[dimensionless]

: electrochemical efficiency [dimensionless]

: fuel cell efficiency [dimensionless]

: heating value efficiency [dimensionless]

: thermal efficiency [dimensionless]

: voltage efficiency [dimensionless]
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A7, oldl3) : g3ty 71, 6(1), 66
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