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As the global warming becomes a serious environmental problem, studies of reducing CO, emission
in power generation area are in progress all over the world. One of the carbon capture and
storage(CCS) technologies is known as oxy-fuel combustion power generation system. In the oxy-fuel
combustion system, the exhaust gas is mainly composed of CO, and H,O. Thus, high-purity CO, can

be obtained after a proper H,O removal process.

In this paper,

an oxy-fuel combustion cycle that

recovers the waste heat of a high-temperature fuel cell is analyzed thermodynamically. Variations of
characteristics of CO; and H,O mixture which is extracted from the condenser and power consumption
required to obtain highly-pure CO, gas were examined according to the variation of the condensing
pressure. The influence of the number of compression stages on the power consumption of the CO,
capture process was analyzed, and the overall system performance was also investigated.

7|sAMd SHE At
FaPNYS
TIT : B TLE(0) OXY : oibs:
] %
; o AUX 1-'@; |
. T = Rl
m & (kg/s) o
. REC : €3|%
W &2 (kW)
Q AFH(W) M =
LHV : A 94 F(kl/ke)
ol&y
PR SHEY Ao AFedsel €@ BARAL A -
tAYAR, 39, ekt 7] AT Tl ol& Aojetz dde] & douA R
E-mail : kts@inha.ac.kr Al 247t~ 3 dE CO9 Y] o=
TEL : (032)876-7307 FAX : (032)868-1716 o] HjES Zolux = ATVl A AAHoR
* o Qlstdista o) gk . =0 = Lo =0
e AU 7] Aa T e AYPea At Cco, WiES =ol7] A% V=S

oo 57) A A4

CCS(carbon capture and storage)&}il 3}=d|, ©]




G385y SALdA THA Y 54 CO 279 FF 969
Muighpuriy - 1
COxv) {9"‘3
I 4 cooler I
RIS |
2 cooler Compressor
: 2 Compressor |+0 :
| 14 oo 7 COrHHO()
H.00) ¥ |
e e e o o — — —_— o
= = =p Cooling Water Out
1 @—: 5 b P Excess H,0
Exhaust gas H,0(1) g Recirculated e il Wl T
Pump H,0 \r ooling Wate
4 Condenser
HRU
0, Fuel(CH,)
2 ] Combustor _I
H,0(v) CO+H,0(v)
Fig. 1 System configuration
CCS 7= AA A2 A 2 (pre-combustion), <1 g 2o mEs]Ty sAkads WA~
2% 2] (post-combustion),  LF] il FAEAAA g5 A8t A 54 4Gt T o
(oxy-fuel combustion) 7] = ?-%%L F AT A2BloRBE AERe] CoE 3Fdy] g
olggt WS F3 wEHH CoE ATolu F7HAQl Co, A TAHES EAFSIATE $57]9]
A ALFTFoEN 7] F ?_Q COo, M=S s Z7 Wste] wE AlA¥lo] A5 wstel &
AAT & Aok 5HI, #akhdA VES OE 7] E7N49 Co¢F H 09 E§7h2~9] 24
7l wls] ddA ez st A aEEe] Co, Hsto] tiste] Admtow, §%7] e =3
Z Bl F e 7Eott? &aada 7 Wt} 34 Th(stage)To WSt WE CO, A
s A= F7A ARARE e wel w7k e A8%FY WIE AyEy o]zle] A
2HE ATEe COoE wEE o F7H4Qd & AbolE &8 % Aol A= G dis) uF
Hol AgEa, dAi A WAseE =& &7} sheltt.
HRlY F8E G52 ¢ e FAHE] 3
7] mEel ol@ FAHES Ade] 9F 7] 2. A" 7Y
= Jige]l Zgsith Ty dA dE o
CCS 7l=&x vlwd | 33 sty I ATl A arzstaiat g MCFC W<
8 gl AF s g VA4 3AHS Fl o]-&g TAAAL Aol Z 9] VN REE Fig. 101]
A AlEEe COoE wHld T dte Aol 9 YR A TE stFALo] E91 At A A Alo] &2
7] wiZell mE Ve ZhaEka 9l dA) o] 340°Ce] MCFC w712 d& 3|38t 54
et A7 Sas] W Forh Y U} MCFC| A% 2 uj7]7}2¢] 7S Table 1
HT TUoA FAkAdA 7S o] &gk A of ettt w717k~ 9 S 35,080m’/h
AN 2=ES AFetaral ol Ao Y3to =2 F (A& 19.27ton/h)ol ™ 232 0.7F °F 12%,
?ﬂ%ﬂ HEdE gaste] SAtads MEA A No7F ©F 70%, COx7F ©F 3%, 2|3l H,07F oF
S FAsIA S A7 A Folrh E o 15%°]th. 7HdE =H0)S dusk A § Ax
?LOHHL olggt Ao AN 12q A= 71e Fwstal Axet AAE FEste] dAAT
AAQl EFEAHE AEHA(MCFC:  Molten H HRElS FEste 9SSk oo
Carbonate Fuel Cel)9] #]¥ x=71& AFE-3te] H,O 52 AesAgY 57| 25E AS 28



970 SE - AT -

Table 1 Characteristics of the MCFC

Net Power Output 2,400 kW
Efficiency 47 %
Fuel energy Input 5,110 kW
Exhaust Gas Temperature 340 °C
Volume flow of Exhaust Gas 35,080 m’/h

Table 2 Design parameters of the oxy-fuel system

Combustion Pressure 10 bar
TIT 600 °C
Condensing Pressure 0.05~1 bar
Condenser exit temperature 25 °C
Turbine Efficiency 85 %
Compressor & Pump Efficiency 80 %

LHV of Fuel(CHz) 50,030 kl/kg
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Table 3 Design parameters of the CO, process

Inlet Gas Pressure 0.05 ~ 1 bar
Inlet Gas Temperature 25 °C
Compressor Efficiency 80 %
Intercooling Temperature 25 °C
Outlet Gas Pressure 30 bar

5 957 98iA oY H07F Al
wjizoltt. o] 377 HRlS Sek §H &5
712 BUA=d, C09 §H2E7F wig S
o] AWt el SFHLroN EIFEE BT S
Z5A Fa $FV] EolM dAHZH A7t
EAg A $F7] EFNA SHEA @
IS 1A E S CO0F HO =78 X
Hazel e Tk Y {FHS F9 EElste] $
@l COo, HEFAgoz Hual, oo ¢,
Wz, e 3 FalA fi}ﬁii H20E& A
Aste] HEHOR uFEEe COE A
t}. Fig. 1ol& 2% (two-stage) &5 HElE | A8}
Fom, AL 15, 26, 3] diste] Fed3tgl
th §5714 5 H.05 Awd 3 3
2ot HRUE AA tAl A&7l F3Eal 1 9
o] ¥+ H,0+= W 2 dAFoAs 37t
29 $F7] E LEE 25°CE ARG, &5
HEs WS IIHA FHFEYe] FETAH dE
of M= JFS AR

3.1 AlAED A

Table 20 YElt A3 o] TITE 600°CE,
A7) 4ES 10barZ A AEHOA S
7] b W3le] wE SAAA A Alo|Fo =9
S35

2 g8 wsle} MCFC§ ;‘T_ FoAA] A 22w

N

HEHE W, 98 % AT 4571 9
o 28FHE Wuux, Wwel AtdDe
LHV, MCFC W|7]7}~28E 3Fss 9%
Qpc 38 SA2AL @5 Aol 2 £EY
I F8L ofgle]l A3 o] Holsk & gt} o
1A QrpeE MCFC Wi7]| 722 R E 344

dolt.



Woxy = Wi Wy (1

2

Waux = Weomr.0, T Weome,cn, T Weume

Woxy 5
(mey, X LHV )oxy +Qrpc 3

Noxy —

MCFCE >3t ZA Al2="le] g&2 ofgl9
Aa ol AYEArh A7 Quepe B
MCFCol| &5% A5 dUAZA 5.11IMWo|th

W\/TCFC +WOXY
Orrore + (M XLHV) “)
MCFC CH, (009

Nsys=

HEH uAEgEE ol
=S AAEE AL dE] AolE o] 88t
o &9 55 Asglen ol& flste] 48 =
2272 HYSYSOE AF&-3koith

e571e W7te 97 ExE AW
20°c2 AASGIL, old W&ste $57] =
o oA Ses 25°C§ AAsiin whEhA

El H,09] i@% &=7F 25°Ce] .
ole} Fe XA SF7] AE 4Y Wzt
of ME §57] ETolAe 71A *JEM CO,%}
H-gHE H09 x4 ®stE AAbegla o]
o2 CO, HPFAAA 28529 %5}011 o
3 Golm gttt FF7lolA wiEH CO%F H.09
SR} s Fel 2FE o 9}% Z1A e ¢ H,0
£ AAs ot aFEe s dE T
Fig. 19 AX o= EA 3 ziﬁ e Co, A
g o]&3te] H.08 AATLEZHN ITE
COE #d &+ Ut

COo, AgdAHLE §F7dA WFHFLE F3l
Woldl CO9F H,09] 37 ~8 45A17 & 9
ZAA Y715 TR AZES IEFoR
AW EZFTEze EFE ) E H,08 AlASE &

o] Al CO, £ 9% 971

450 55

e o R P ahaaa - 50

400 |- 1%
~ -4 m
s —@— OXY net power E
= ici g
T 0| —D—oxveff.cue_n_cy {35 8
: —&— System efficiency &
2 30 X

- 25

- 20

300 —%\jﬁj
‘ELD_D
.D.D.D.D'D'D-D

250 1 | | |
0 20 40 60 80 100

Condenser pressure(kPa)
Fig. 2 Variations in power and efficiency with
condensing pressure

15

oItk ™ B ATelAE coel g R Age
2HBA] & 99y o] £EE zt:= 0,9
1=} %

1=}
LIRS HAoR Slv] Wi HFE hES
30bar= A3lSUTE CO, wE|FHE A slE ook
s HEogA tFd A7} o]Fojxa o
e

a7, 947, SR

Ne] TH(stage)OZ H.I CO,
& Aske] ¢ 4 wisto] o}
aH3iTh CO, AEage] T

T} o S57] ME =9l 25°Co|th J
ot 9 1o W& H,0, CO, EF7F2 AL
S57] &7 99 % 249 2o
4, of A Z1}
4.1 =t AtO[2 M5 Hal 54
&5 o WE wE £aAadL Ae)E E
A7 *li%ﬂo 29 % i%gl WeHe Fig. 2¢

9]k MCFC HHOﬂﬂ )
o, kA Co; ﬂﬂ*’“oﬂf‘ﬂ 285

aEEkA gtk $%7] <tHo]  s5kPadl A

100kPa7b4] ®is}stol] wel #=AkAdd Alo] &9

Zdo] 943 fAEA Ha 1o wep SARA

Ax AfolE9] a8 Tk 7FasdtA ¥k MCFC

5 X3slhe AA Al2de] g8 ek 7FAasHA

s %* ?ﬂ Aol W ‘?:_.“MJE %Q(% 262
]:

Nolzel wael M e
eo] Zrhaol et Abad

b
e
e
olo
HN'
2



972 $4E - HHT - 4
150 T T T
----- Condensing pressure : 1 bar
Condensing pressure : 0.05 bar
00+ T aaeee]
Vapourzone  ____.-=====""""
G 50| .7 -
o_ d
g 257
= |’
3 o .-/7 }
@
% [ 2 phase (vapour+liquid) zone
0
2 50 7
-
100 H &
Liquid zone
150 1 1 1 1
0.0 0.2 0.4 0.6 0.8 1.0

HZO mole fraction

Fig. 3 Vapor-Liquid Equilibrium curve of CO, and
H>O mixture

18 N, oy
o o
N

flo
il

ko

O o Wt Y R oo
do e Jf XL orff B o

e & 7t
H,0° 2
A= CO8 H09
Holl g Aeiste] il o=
ot CO.%F H,0 E3FEe] 33
ackar 7Hgstd Co.9t

VLE(vapor-liquid equilibrium) =412 Fig. 33}
571 4Tl AEFAe] Coot HO =
°F 1.4%, 98.6% o|t}. &0z

G5 SRS el det e,

=

R

oy ok

H,O

vJ__}ﬂ [e)

o rloo

N9

oo ofo Mr L

e Ao mo

.

H,09] Zi&0]
o] 7hAglo w}ﬁ‘r HzOf’J w50l
t}. Fig. 3904 &
A aEEE 7]%1] *JHH CO,%} Hzo
x4 F H,09 S AyHd &

A= = i)
TEETE‘

JN

=
RN

ERREE

100

80

(=2}
o

B
o

Mole fraction(%)

20

0 | |
0 20 40 60 80
Condenser pressure(kPa)

Fig. 4 Variation of mole fractions of CO, and H,O
at condenser outlet with condenser pressure
change

100

- n N w w B
3] o 5] o (3] o

Compression power consumption(kW)
s

o

o

20 40 60 80

Condenser pressure(kPa)

100

Fig. 5 Compression power of the one-stage CO,
process

o] 5kPa°llA 100kPa® Z7}3te] wrabs 1 vl &
o] Z}7} <F 38%, 62%°N 4 96.8%, 3.2%7FA] W3}
gl o]¢} e A3E Fig 40| YERA =T,
=571 7oA 71A AEE wEEE o0t
H0 £%=9] &5 dgxgdd we =4 ¥
5 Yeha vk AdA o R §57] dlolA
H09 $FES S7HA717] fsiAE 571 &
FolAY FAEfAY &7 REE WHHof
O].x]u]— ___,_7] 2_ JEO]Ui }\]/\Eﬂ/]
Xﬂ7]‘ }:ﬂ—/\g

=
il

1:1"!
=]

ol

_L_

2 oy

Co, Aglsd= =71, %7‘71, fﬂﬂﬂ 7t

17190 1%k (stage) o2+l 557 2 =4



25

20

Compression power consumption(kW)

. / =— Comp.1 ]|
. s e Comp.2
10 |- e 7 Total ]
5L - et —— _
0 -~ | T —— ]
1 10 100 600 1000
PR at Comp.1

Fig. 6 Variation of compression power with the
pressure ratio of the first compressor in the
two-stage CO; process (inlet pressure: SkPa)

o] 0.05baroll A 1bar= W3t whel FHFotH I
30bar7tA] @EdlY] H,0E AAET w A2L8=HE
592 Fig 5o JERIATE co0l HE grEe
30bar2 1AEH AdolmgE 23 9lEo] izolz
5 HET 4 =2shy] 9 2ad oA

7} Zbo}Aal, $E7] EFo| A H,09 H]go]
OPAHAM COo, Aol AL FHl HAF
ATt o] 0.05baroll A 1barz gl

= 5ol oF 37kwoll M SSkWZHA s

d

= 77} Comp.1,
e QLo Z}7be] b H]E PRI, PR2E 3EA|SH
30bar= 17 ¥ o] Q7]

H 3o 4
=4, PRI #& AHA3] WA o] wg £
HE wHol Haus 2 HE Ans g3
4= 2tk Fig. 69 35S PRIS YERJa e
W, FF9] ghe] 600 wWi A WA o dF7]
ol Al 30bar7bA] SFESH Ae, S 45717 1Y
H CO, Aol 229 895 vesd o
A= Fig. 59 §57] sbEo] skPad wjeo] A

4
L

oF #& Frolth. Fig. 6=

1 COz 2R ¥ 973

600

—— Power consumption

—&— Optimum pressure | 200

Compression power consumption(kW)
s
I

(ed¥)ainssaid 3ap3no L"dwods wnwndo

4 1 1 1 1 0
0 20 40 60 80 100
Condenser pressure(kPa)

Fig. 7 Compression power and compressor 1 outlet
pressure of the optimized two-stage CO;
process

25

—@— Ideal
=—O==This work

Comp.1 PR

0 20 40 60 80
Condenser pressure(kPa)

100

Fig. 8 Optimum pressure ratio of comp.l

CO, A&l Hlsf 2d3 4=n
3l Cco, A2l THE A3 ¥

A WA dF7) ET ES Axete] Fig 7ol
e 7t SEsrEEe sa5e] H4v)
e 3 9A 457 7ol EATEL @ 5



974 €Aty - a7

Table 4 Parameter values of each point (condenser

pressure : S5kPa, two-stage CO, process)

Temp. |Pressure |[Mass flow|Mole fraction(%)

O (kPa) |rate(kg/h) | (o, H,0
1 25.08 1000 1417 0 100
2 | 3223 1000 1417 0 100
3 600.0 1000 1506 1.36 98.64
4 | 7497 5 1506 1.36 98.64
5 25.0 5 1417 0 100
6 25.0 5 7.09 0 100
7 25.0 5 81.91 37.78 | 62.22
8 | 2235 30 81.91 37.78 | 62.22
9 25.0 30 81.91 37.78 | 62.22
10 25.0 30 30.67 0.01 99.99
11 25.0 30 51.24 89.59 | 1041
12 589 3000 51.24 89.59 |10.41
13 25.0 3000 51.24 89.59 | 1041
14 | 25.0 3000 2.37 1.33 98.67
15| 25.0 3000 48.87 99.82 0.18
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