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Abstract— This report presents the results of modelling a 7 kW MCFC system in KEPRI as an
In-Line FORTRAN block using a commercial software, ASPEN-PLUS. It shows a consistency
between the simulation results and the experimental data measured using gas chromatography. The
effects on the total efficiency of a system for three possible gas recycling operations used in a large
system, i.e. cathode gas recycling, anode gas recycling, and anode gas recycling with a catalytic
nurner, were studied. The results will be used to design practical molten carbonate fuel cell (MCFC)

power plant systems.
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Fig. 1. Process diagram of the 7 kW MCFC system (current density=050 mA/cm’, fuel utilization=40%, air utilization

=40%).
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Fig. 2. Process diagram of the 7 kW MCFC system using ASPEN PLUS (current density=150 mA/cm’, fuel

utilization=40%, air utilization=40%).
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Table 1. Conditions of each block in the 7 kW MCFC system.
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MIXER 1: HEATER

CO SHIFT 1: RGIBBS

Outlet temperature

Reaction
125°C
Outlet pressure

Outlet temperature

CO+H,O -> CO,+H,
540°C
1 atm

MIXER 2: HEATER

CO SHIFT 2: RGIBBS

Reaction CO+H;0 -> CO,+H,
Outlet temperature 125°C Outlet temperature 650°C
Outlet pressure 1 atm
PREHEATER 1: CATHODE HEATER HUMIDIFIER: SEP2
Outlet temperature 650°Cs Temperature 42.1°C
PREHEATER 2: ANODE HEATER HEAT EXCHANGER: MHEATX
o Cold side outlet temperature 18°C
Outlet temperature 650°C Hot side inlet temperature 650°C

MCFC: RSTIOC, SEP2, RGIBBS

SEPARATOR: FLASH2

Reaction H+0O, -> H,0 Liquid vapor extraction
Temperature 650°C Outlet temperature 25°C
Pressure 1 atm Outlet pressure 1 atm
Table 2. MCFC output for various operation conditions.
Uf ocv 50 mA/cm’ 100 mA/cm® 150 mA/em’
(utilization factor) ~ ASPEN  Measured ASPEN  Measured ASPEN  Measured ASPEN  Measured
0.4 229 21.93 20.13 20.13 17.90 18.20 17.05 17.05
0.6 228 21.85 19.86 19.86 17.67 17.90 16.50 16.50
0.7 22.75 21.81 19.60 19.50 17.66 17.67 16.23 16.22
0.8 22.7 21.62 19.45 19.45 17.65 17.65 15.94 15.94
Table 3. Comparison of simulation data with measured data in the 7 kW MCFC system.
Gas flow rate ANODE CATHODE
Load (H, 171 SLPM/CO, 43 SLPM) (Air 400 SLPM/CO, 171 SLPM)
1 5(()mr:1r/e§r/lct:m2 Gas comp. ASPEN Measured ASPEN Measured
Tl H €O, CO H, CO, CO O, N, CO, 0O, N, CO,
nlet
Fuel 793 114 93 802 168 3.0 147 553 300 146 524 330
Utilization Outl H, CO, CO H 0O, CO O, N, CO, O, N, CO,
utlet
0.4 550 333 117 549 343 107 105 652 243 115 620 265
Gas flow rate ANODE CATHODE
Load (H, 114 SLPM/CO, 28.5 SLPM) (Air 266 SLPM/CO, 114 SLPM)
current
100 o’ Gas comp. ASPEN Measured ASPEN Measured
Inlet H €O, CO H, CO, CO O, N, CO, O, N, CO
nle
Fuel 780 119 101 758 140 103 147 553 30.0 142 51.7 341
Utilization H €O, CO H, CO, CO O, N, CO, 0, N, CO
0.4 Outlet
46.5 39.1 144 487 341 172 114 651 235 11.1 607 282
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Fig. 3. Relationship between utilization factor and
overall voltage in theoretical value (-) and measured
value (@) (current density=150 mA/cm’, fuel utilization
=40%, air utilization=40%, 600 hrs).
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Table 4. Composition of natural gas in feed streams.

Composition (mol%) Natural Gas Air  Water
CH, 94.95 0.00 0.00
CH, 3.90 0.00 0.00
C.H, 0.15 000 0.00
CO, 0.20 0.00 0.00
N, 0.79 079  0.00
0, 0.00 0.21 0.00
H,0 0.00 0.00 100.0
Temp. (°C) 25 25 25
Press. (barg) 2.5 25 5.0
Flow rate (Nm’/h) 25 1098 576

e

o)elg ML F AUUR &x B9 Wil
Asre] WEE Al A F4F o] gate] malsied
of 3= 72 Rol: )t Fig. 38 7} o] 8-l o} &
Aste] WE 7} 7o) AR Eel s FHY Ao
OCV ArejollA] viehhe o) & gkt AlAlghel Hole &
wR¥e] EFUAe o BFAR A7) sheb wkg
o 218k A= Yl

AgAA AlaEolA ARREE g Tk FF AlA
8, A ga7tAs 7her], E7] $$%7] 52 ASPEN o
ZAsHe 2h7te] o8] FAHoR #e] ok Fig 63 2
o] ®AE btk dmAA Azl BA AA7} o

9 Q Tci X

R-2 0

57 o

Flame Detector

<
b Y

et

P~ 1
C101
CP1 MFC1 PRIOL

§V102 BPRI103

NI

PG103  PIIO2

PICIOL

Shut Off Valve

Relief

PG105  MFMI0I

R4
(5V201~209)

§V103
Valve

R-3:

CO SHIFTER w/
STEAM GENTOR
R-4:

Fig. 4. P&I Diagram of sensible heat reformer.

Energy Engg. J (1999), Vol. §(1)



90 74 AL - kAAL -

N AFAHER T AR w2 9T
Aol i A ek mA}7b Y8 sted ASPENS o] 435}
SHGE DT A5 AAA o8-8 93 d8o14F
55 FA sk

2-1-2. Natural gas reforming system

AE 2 AMEE Addrls AL oL Table 49 L}
epligich. AdgAR A ALEE AArE AR
A4S FFNTE dav), ), €O Afy) Sog
FAste] wAlsilct. A F4E Fig 49t gos] A
Artart @8 whgr|el dadrls Ax B3 4
800°C, 2 bar 7oA FHukgo] Aoyt & CO sk
718 AA AH22] Syn gas® AMe 2 oA Hrt. o)
3 A 9] Fig. 59} o] /A== $-5-8& GSTOICS 2,
CO A3 "F¢-& RGIBBS 29g Al43le] ASPEN
PLUS 2 ZA}SE 4= 9]}

A Wb Fdubgolunz FEE Hedsts 3
A= dBEA 2T YeAE AAE d8E AR
ok A5 ] | davldd 248 de d $3
o o3l AAr] L5 Fole Gut A kgl B
83 942 AM8EH, FFE F 25Nm/he) Hdrps
Z 17 Nm’hat §A 82 Aesy Jr x| 4]
ol sm¥ri A45 8% ASPEN PLUSY
DESIGN SPECS E3}o] T-25|= shsl29] ofo] &
W7t 2 TS U8 Fol TFEHE 4% o
&, TRE-E vl 3A B @ ez vy
oh5 3 7 F 7hA] ubgAlRke wesbgin).

™
®

CH,+H,0 - CO +3H,0
CO+H,0->CO,+H,

o

=3, CO A% vhe-& As= ve A A}l F ot

12
2, =1-
1=
I 2 = :
(3 ;
S = - - ;
=1 1= :
o=, =l L | ff,f‘\ :
< ol :
L ) ke [Em
T o= = | :
+ .
L) H
[ s m]
1&]
L= - |
+
lE]-,l

o

4 A

IFES -

Table 5. Comparison of simulation data with measur-
ed data in reformer system.

Composition (mol%) Measured data* ASPEN PLUS

CH, 0.01024 0.0542
H, 0.76109 0.7038
CO, 0.01706 0.0745
CO 0.17747 0.1251
H,0 0.03413 0.0421

*measured by gas chromatography.
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Fig. 5. Process diagram of sensible heat reformer using ASPEN PLUS.
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Fig. 10. Relationship between the recycle ratio and
utilization factor, voltage, and power (current density
=150 mA/cm’, fuel utilization=40%, air utilization=
40%).
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Fig. 11. Relationship between the recycle ratio and
molar flow rate in the cathode outlet and efficiency
(Rec: recycle ratio, C: cathode A: anode, Eta-LHV:
overall efficiency in lower heating value).
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Nk
E : Standard potential [V]
AG’  : Standard Gibbs free energy change [kJ/mol]
F : Faraday's constant, 96,485 [Clequi]
n : Number of moles
T : Temperature [K]
P, : Partial pressure of x
Quoss : Heat loss [kJ/mol]
Qpn : Heat generation [kJ/mol]

W : Electric work [kJ/mol]
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