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Abstract — Recentincreasing awareness of the environmental damage caused by the CO, emission of fossil fuelsstim-
ulated the interest in alternative and renewable sources of energy. Fuel cell is a representative example of hydrogen
energy utilization. In this study, Molten Carbonate Fuel Cell system is simulated by using Aspen™. Stack model is con-
sisted of equilibrium reaction equations using ACM™(Aspen Custom Modeler). Balance of process of fuel cell system
is developed in Aspen Plus™ and simulated at steady-state. Analysis of performance of the system is carried out by
using sensitivity analysis tool with main operating parameters such as current density, S/C ratio, and fuel utilization and
recycle ratio.In Aspen Dynamics™, dynamics of MCFC system is simulated with PID control loops. From the simula-
tion, we proposed operation range which generated maximum power and efficiency in MCFC power plant.
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Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011



100 A/m? Z2A1 2L 73$-(Fig. 72)(d)~() A

R} il ek ARin|R) AP o] Lasth. uteh
A PID-1 Alol71eA] gk ekfete QA S0 2N
FABAAIEE Soje] A oI8HE 2 A Aol

+ S/C ratio 1.687HF gt wgh 5o v
Fast § fA1Ek PID-3 Aloj7]el & A
sk 2B 5 Alofahr] $51e] Excess Aird] g TARAIFS
2H 9F 633.7 °CE A8 =5 HAAIZIL

&,
ols
2
e
o
E
O
%
u\l

4-2. MXH(Set Point) 215}

ok Wsht gle o, miehRaal 8 20] el
o] Al*E“ﬂ ‘35 WgkE o ZszEOH:} WA wEkfEEe] A
H3ISS 75-E10%), Alo] M2} 22 H4=] A%5-2 Fig. 89
ERfgLT}. o] ZA-9+= st tﬂﬂ: 0;1%} HekR-eke] A7 7ol M3}
£ T =9 T 28 9IS 7R HEZ o] )

A2 AH E2 W) U 23P] 918 AolE wolF
}.

>~rE
o, M
L 2 X

A - oleel -

B05 - o - Rl - e

B2 Fig. 89] (a)~(c)2+ &< 7152 BRIt} PID-1 AloY7]elM = &
7Vt AR viRkR o] STkl HAL o) A IHER
7= 01:7%]715} webs] FepAshrE glon R AR T}
3 AdElelM F40] FEEEY TVRM HER dRol$ES
2% oF 65%714] 43k ©Tt PID-2 Alef7 oAM= Frlet
gk 5 B2 9% S/C ratio(1.68)0ll Wt S7Fske] Y5t
Al %Xlﬂﬁ}. H1-g-o] E%Ol g o) weba REg-do] Wdska A=
*ﬂu 2= e @k PID-3 Ao} 7] ol M= Excess Aird]
ZFe 5eAY 258 dAldlE Ueo] 6352 °CE FAIS) v
o7 UﬂEH"r o] MAAS oF 10% HAAAS u] PID-1 #|o)7] o
A= 278712 Wslel] whef migkido] FhadtA| Ha Ax A4l
*%?Ea HAATA H B2 ARol8-ES 72%ClA °F 80%71A]
S7VetA ®rt. EEgt PID-2 Alo)7] oAM= At vigk fvkE &

o] FE S/C ratio(1.68)°) Wl adtc). HkS-oFe] ol uje}
AEO] R 7EASIO] PID-3 AJ0]7]0lA= Excess Air®] F8-2
20 28 255 AHUR =9 6352°CE -4 3h(Fig. 89

mzjz

rlo

= oolth. WA wekfEe] AYHE oF 10% T7HIRE W Al (d)~(H).
o = o =
g o E = o 3
T, ol =5 L )
EST =55 E£7 =3
w2 2 @ -l S0
= ZN g4 =05
= £ Py c = iy =]
m=Y © 5Ewl 52
RN AL
8 Aar 52 s B8 So
S 4g 9B 2 Al 2T
g3 bt £ 9%t W
Q ™ : L | | ¢ o™ 1 1 1 |
o 0o 50 100 15.0 20.0) o 0o 50 100 150 200
Tirm e Seconds Time Seconds
{a) PID-1 (+10%) (d) PID-1 (-10%)
= e 2
E = = =
= o= = -
o :=ru?-_ ;}'E- P =R =
E=4[ g5 E£q =2
o = Engr o 2| 20
- = il —_ = =
g= | Y2 2= | 3
5 E T® SEW 52
= a8 Bwf 24 2%
g5 52 A =
o SO =] o S<Y
B4 | 78 e o= 92
o ¥ q]u-j- o qj
¥ ol 7 ¢ e
|‘--\_A_ 1 1 1 1 In..__._ 1 1 1 ]
o] 0o 50 10.0 15.0 200 ] 0o 50 10.0 150 200
Time Seconds Tirne Seconds
(b) PID-2 (+10%) {e) PID-2 (-10%)
Q o e o
o =
® 3‘30 o IS‘EC!
@ =l = 50
= .2 =29 = .2 =w
£Egt S0l  _— SEgr zq\
>£9 o =gl CuR
3 2 B | =2
gl 22k gl 221
2 ASl EiB ° Aok EF
o Yol = o Yo =
w0 ':‘D‘ (L] ‘;\D__
V| B T
@ 0o 50 10.0 15.0 20.0 o 0o a0 100 150 200
Time Seconds Time Seconds

() PID- 3 (+10%)

(H PID-3 (-10%)

Fig. 8. Simulation results by increasing/decreasing set point of methane flow rate.

Korean Chem. Eng. Res., Vol. 49, No. 4, August, 2011



Aspen Dynamics™9} ACMS: 0|43+ 8881l g4z AlxEle] TAl gl Ao 429
@ w© o
£ o = of 8
3 #o = -2
ESo- =or gg?s- =0l
i g 2w o 2 B
$%e 3 §E9 S
B oo Zeol fo
= = - ———————————] &= o5F
= =) >owl B
PN =1 e =]
26" 5 2 & S
g A= © =R M el
o Yo ﬂ] T Yo q]‘r
:} o L ! | ) Q ol L . | |
- [a]
o 0.0 50 10.0 15.0 20.0 oo o0 100 15.0 200
Time Seconds Tim e Sernnds
(a) PID-1 (+107C) (a) PID-1 (-10°C)
o el ]
M ~_ or
; =t E <t It
E = gt = o
Swl 5o ol sl
E =R B-m i o < Ei-%
2% | 3 2% | 3
T = Eon o
SEqL B 5 E&L w3k
a9 Tw ﬁ I+ @
% r =T [T ,‘é
a iN] '5‘:1’ N S50
o gl ) = gl 54
o Lo Y =R ~
= AT = 0y <t
= orl
P . . , & el . . . .
] oo 50 10.0 15.0 20.0 «® 00 a0 ) 10.0 15.0 20.0
Time Seconds Time Seconds
(b) PID-2 (+107C) (b) PID-2 (-10C)
= o =
r o o~
W =
& =
o 's] a P
2.9 e = of =i
=g £ =gl £
& =0 3 =
i I = | =g% C
W o o w o @
3 & ;% 3 o = w
5729 = dogl 2L
ey =18 =y g J\FB' S =
D(i o UI‘;' Q @ o
2 LJI] o ¢|
E- oo 20 10.0 15.0 20.0 §_ 0.0 50 10.0 15.0 200
Time Seconds Time Seconds

(c) PID-3 (+107C)

(9) PID-3 (-10°C)
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