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Integrated system of indirect coal liquefaction and IGFC with near zero CO, emission
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Abstract : Under the background of carbon neutralization, indirect coal liquefaction is facing huge pressure of carbon emission reduction.
On the basis of advanced indirect coal liquefaction technology, an integrated system of indirect coal liquefaction and integrated gasification
fuel cell (IGFC) with near zero CO, emissions has been built. Through high—temperature fuel cells, coal-based syngas and Fischer—Trop-
sch synthesis tail gas can be directly used for efficient power generation, replacing the traditional self—contained power station to supply
power and heat for the indirect coal liquefaction process. At the same time, CO, enrichment of tail gas is realized, reducing the difficulty
of CO, capture. For the integrated system, the IGFC technical research progress was introduced, and the integrated demonstration of IGFC
technology was carried out. Based on the indirect coal liquefaction unit, the first megawatt level IGFC test base in China was built,and the
first 100 kW level IGFC test demonstration system with near zero CO, emissions was developed, realizing continuous and stable operation.
The fuel cell system generated 101.7 kW of power, with 53.2% of power generation efficiency and 98.6% of CO, capture ratio.The feasibil-
ity of the integrated system is verified.
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Table 1 Indirect coal liquefaction commercial projects in operation in China
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Fig.1 Schematic diagram of coupled system of indirect coal liquefaction with IGFC
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Table 2 Key unit setting of coupled system of indirect coal
liquefaction with IGFC

KT B
AL B/ (L d7) 12 000
FACHE B R/ (JT - a™h) 100
TR IR E S 2 FE T/ MW 200
AL AR F/ MW 50
3 IGFC XEFARARIKRE
3.1 IGFC XEBHARHERE

il 29 IGFC H A & 8 g =5 B 20 A 2 R IR Ak vl
AR A EIRIRHOR . = IR H A 45 i 4
AR5 9% ) HL St (SOFC ) Il f T2 5 49K et L 3t
(MCFC)2 Fh, Hivh SOFC B A & AR & RS
PR | AR IR AT RS A, AR R ALK HL 3 A
T v R AR B A5 AT L ) e 1 1 T,
RV BORRL L s A

| HA WA &Ik E R HLIX AE SOFC
AR5 i — ELALFHE S A M0y, 28 L4 A B R F
KRB, BHASII T SOFC AR RN ListT,
KRN Z % BA AR SOFC A, 4nAh & b g 1
( Bloom Energy, BE) A%} ith BEJE ( Fuel Cell Ener-
gy,FCE) | =2 H T.(MHI) B B 7 ( Ceres ) %, £
1 SOFC Ak Fill A dse D, Horfr BE 28\l A
HERCE R SOFC & HL R G YA 3K 250 kW, LLRIAS
HIECRHR SR AT 3k 65% A TGS K

AT E AN, R EAE SOFC BFE 5 b A K%
BB, A ERRAEOR RS W RIE Tl K 2: THHE RS
VY22 5230 R 745 [ PN e 1 43 AP H e o S 43 PR S
P 4 JE S B R T T T R T SRR SE TAE
[ BL2E B AL YRS BT | P R B T b
BHEAR S TR T e RH R b E Rk 2= T
WFRERRER I FT TSI R T 5 kW SOFC R4 M1 25 kW
AR H W&, T ET L R 2 (dE s X SOFC

HOCHEME R T B iy HL S S AL | S e A | R
N B F12 R — R A Bt s T 22 RO 2 300 A P
AL T SR BE 9T, FE R T T FO G0 3k
Fb ARG FL MR & A lb RT3 4 TPl A 2 S b
HHTAEE SOFC HLHERF A& 1A 7 EZEAT M =38 I
MAET TR RDUERMESE ML sh 11 A
PHE Y SEAEREUT TP A e 2019 41, S g
FIEE 30 kW KRS SOFC MBIt R G AiB T
2021 4EZRAE AR 25 kW KSR, SOFC R S
FIFFG 52022 4, =IRFE IR 4 g IR 45 AT 2 i LA
FARAN AL [ P9 B S T F 9% SOFC & f 3t H
WNIBAT, RGL K WL YRR 210 kW, K HLRCRIK
61.8% ;2023 FFEHESESN 1 R AT &R KRI85
DAL SOFC 7=, ISR AN R, REE L )%
ik 120 kW, K HUECRIE 60%

IGFC Z gt il Bk it & H 5 1) 8 ROHRE
16, F U T Mk AR e Sk be , ol i JEL S0 N 2 o
GRS T SOFC RS TE Z LA 0 1 4 Jm 2T 4 4%
e R R  SE B T RRE A BE . IGFC R G0
TR & B R AR S S ARG, TR
R SEE CO, &4, Wik — L B4 CO,, kKL
S H R AR be, UM A BFSE T 100 W
¢ SOFC B 4l AL R be it s WANG 281 BfF 5T
T 10 kW 2% SOFC 24l 8 BLIE M bed vk, B &
HLREARLLEURE S CO,RF BT ik 90% L) I,
K CO, HAZAH AR M e BE Ar R it 1 280
3.2 IGFC &R RTEHE

K [EREVRHE ( DOE ) il 1 “ Vision 217" 5 “SECA”
S35 5 RNWHEE S THL IGFC RS BE % TAE, 2005
4E L BT L L [ GE 2 FIITF & LIS R M IR
BH SR SOFC/ BT FHLIR G R R G, RGuHE ik
BRI 61.5% {5 CO, J5 Zedli g Ko B 40K 1 #E
—sEfght, KL R G R BT CRIE TE N 58.4%
2016 4, S [E E ZE Be U5 F R S50 % ( NETL) & Afi 3
F SOFC + A (0 78 ke A &), # F 2025 45 Al

61



2023 4F5 1 1

www.chinacaj.net

2030 4E#K 10 F1 50 MW IGFC (% CO, %) /~il
E2 A

H S 38 i I 2 B BE VR “ EAGLE” 30 H |, JF 4R
IGFC RS iHII5E, 1998 4E7E Wakamatsu % T
ke, R K HACR N 53.3%, 2019 4F, H
A AT T H NEDO FR B & L 28 w6 4F 58 iRy
R R R R B SRR R T
(IGFC-1IGCC) J CO, i /R i 4 )i H iy e e 1
LI HT e 1.2 R, B IGCC R4S CO,
MRS, 5 3 WK @A IGFC R4, #i% 2 &
600 kW 2 SOFC % L H.0T, IE7E A B i st 5%, B
Froe i T 500 MW 25 55k A& B it , CO, ISR
90% 19 551 5B 47 % 12 A7 3% B s 1o

2017 4, EZBHEER LI T« CO, I Z-HEH A 44
SR AR, o S Re IR 4 A 42 3k HE3h B N
IGFC B AR & 55 MR, B T Bt et 71
P AR D) 26 AR TR R 45 P B9 B IR LG IGFC
RYMAR BN, 25 28 R GUERAE R 7 Fh Rk Y o
SN R GEV R HUSCR 15 ], 245 S 3 BH 4G n e ME 4
A Rl FGE & A R T S R RCR . Vil
FRAE T SOFC B, MHE T H K L IGFC &
G R E R R T 90% B0 T, RGP R E
£]46.2%, 2018 4, HHEERIFFE T 15 kW L IGFC
R NI IE; 2020 4, [ K g R S A 58 L T
20 kW ¢ IGFC %k R Geiz % , e Al | 2022 4F
ANT FE N E IR LK IGFC F AR 50 3 | F
THEMNEE 100 kW 2% CO, L EHE A IGFC i 5
B RGE(E2) , AL Tl 2 B AR A Al
AL AR 5 2 20 kW 2 SOFC & HufH 4 Sifa g ia
77100 h VL1 (B 3) , BB It R Gede K & L)
F101.7 kW, ARE L M 2R 58 & LR 53.2%, CO, 3l
£E%.98.6% , Wik THEMAG AT,

B2 100kW & IGFCRIBTELZANGEE
Fig.2 Experimental equipment of 100 kW IGFC system
3.3 IGFC #HAmIGHIBE &
HETE M AN IGFC 4 Bi7s Y B9 FUBL A 38 /)N, B
62

ik A g KK 5529 %
300
TAEHRET700~750 C
250
= 200
5
& 150 Mk f
=
2 100 1101.7 kW
A
50 THbI#H
0 20 40 60 80 100

I 8)/h

B3 100 kW 4 IGFC &3 77 38 # 4T ¥ &
Fig.3 Operation curve of 100 kW IGFC system
T AR FH A 22 B0 78R R I 5 v i 75 fife ke 1 1)
B2 . SOFC HL i H AR H T3 A 5280 56 42 7
Ak, HOC B A AR U AS S 7 ) 25 e — 2 v 5
L At A A 7, — B AR AR i R R
RELAS 5 @ KTy i SRk Fia el Ay < S 905 4 7473 2 il
2 IGFC RGN EZ N R, miRAEHHL I IGFC
RGEMIAZCHRTT , H AR S5 ) e L AR 1 DG A
(7] ] e S T BB 4t g P 1) R A BB S K )% IGFC
RALFRGE, ST RESR S A B 0 A BB 5 IGFC #&
GERLR AL, B TR L M BT R 22 r ME A T A
B, R SR AS [m] H HE (] A 13547 | e R AR ik
DCTC | F B e 2550 H O 06 48 ) 5 B) s Tl A ek ri b
H Y R A S AR 2 L R FE 43 BB B A, e AR
Gl SRR E T TR AR (R R VB RAIL, R AL
WRBE T A AR R BE e BE |, 75 W AR A
TR = A ARG P AR AL R0, I 1A T A L A AR R A
S

4 % iE

FESCHEE R AL B AR LRl | # CO,inEF
FE A )2 8 A RN R SRR HL Yt (IGFC) £ 1
ARG, T8 iR L R R A R
FEA BB SRR HL, B AL B8 1 45 v sl o B 1] 42
WAL R A RIS R R CO, & 4 BRAIR T
CO MHEEMERE . 4 T ENA IGFC BRI FEHEfE
T T RS5O IGFC B AR & SR, IKEE
THE 400 J7 v/a SRR B d T N A
JREL 9 IGFC B AR g et Bl T RN E &
100 kW 2 IGFC ISRl R G0, SE P T iESLfa e ia
i TR SAAL YRR T R 48 & LT 101.7 kW,
KHE 53.2% , CO, K 98.6% , Wik T 4Ll &
GEalATiE, FERTPRITY SN, BEE S IR AR
RIBEA, CO, U FHERB S A 28 4k F1 1IGFC 4
RGN EA T T KR



W A7 A COL I HEM R IR AL T IGFC 4RI AR S

www.chinacaj.net

2023 456 1 4]

2 % 3L #K ( References) :

(1]

(6]

[10]

RN, H E B T 25 4F &R I - 8 -
TR BRI A, 2020, 48(8) :1-25.

XU Zhengang. Review rethink and prospect of China’s modern co-

JEE[T].

al chemical industry development in recent 25 years[ J]. Coal Sci-
ence and Technology,2020,48(8) :1-25.

LI Chufu, LI Yonglong, XU Ming, et al.Studies on pathways
to carbon neutral for indirect coal liquefaction in China[ J].Clean
Energy, 2021,5(4) :644-654.

S, BT, F L, A IR R WAL B
WSTHEIRL 1] M5 4R ,2020,45(4) 1 1-22.
WU Peng,LYU Yuan,GUO Zhongshan, et al. R&D progress of in-

NTIREEARIF K

direct coal liquefaction and product processing integrated
technology[ J].Journal of China Coal Society,2020,45(4) : 1-22.
Fepl, Eg AT, 45,400 T7 v BEE ST A U E IS TR
TRACLI] HEB AR ,2020,45(4) < 1-8.

GUO Zhongshan, WANG Feng, YANG Zhangi, et al.Operation and
optimization of 4 Mt/a industrial plant of coal-based Fischer—Tro-
psch synthesis[ J ]. Journal of China Coal Society,2020,45(4) .
1-8.

BRLIA. AL T A 7 R 9 i

2020, 48(1) :1-4.

SRR T[] AT,

HAN Hongmei. Carbon utilization analysis of coal chemical produ-
ction and consumption process[ J]. Coal Chemical Industry, 2020,
48(1) .1-4.

IR, O, & . ST A R AR B R B R GER
WS LS B AL, 2018, 35(11) :953-958.

LI Chufu, HUANG Bin, LIU Changlei, et al. Simulation and anal-
ysis of the fuel cell power generation system with Fischer—Tropsch
synthesis tail gas[ J].Computers and Applied Chemistry, 2018, 35
(11):953-958.

HORET, I, iﬂ&ﬁ . CO, B HER M HE S AR L
R R B BRI [T, B BL 2 R, 2019, 47 (7).
189-193.

DONG Bingi, LI Chufu, LIU Changlei, et al. Integrated gasifica-
tion fuel cell power generation technology with CO, near zero emis-
sion and its challenges[ J]. Coal Science and Technology, 2019,
47(7) :189-193.

WERIR, B/ R A AL RE T 2
hHE, 2012, 32(9) :32-44.

YANG Jincheng, YANG Xiaoming. Study on the economy of gas

2D SE)]. b

distributed function project [ J ]. Shanghai Energy Conservation,
2012, 32(9) :32-44.
TR, 57 1, Tk R B, AR, CO, 3 - HE A [ 1A SR Ak B 1k Bk v
v PR BB R G AIPERE AT [ )] E AL T AR 224, 2017
37(1) : 200-208.
YU Zeting, MENG Qingshan, ZHANG Chenhui, et al. Perfor-
manceanalysis of the near zero CO, emissions tri—generation system
basedon solid oxide fuel cell cycle[ J].Proceedings of the CSEE,
2017,37(1) : 200-208.
B BV, DT IR DN AR S AL o H b T A 5 AT 1
KO IR T ] AL THT B L, 2015,43(3) : 9-11.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

CAI Hao, WEI Tao, GAO Qingyu. Development status of SOFC

stacks and systems and domestic main research groups[ J]. New

Chemical Materials,2015,43(3): 9-11.

58 AT R T, A, TR [ A AT ek e 7 ol

RIS ] P E TR, 2022, 24(3) :118-126.

HU Liang, YANG Zhibin, XIONG Xingyu, et al. Development

strategy for solid oxide fuel cell industry in China [ J]. Strate-

gic Study of CAE, 2022, 24(3) .118-126.

5’6?5% JRROL A, S RS R  R A2
BRI R B E [T]. T B R i ( BARBLA i)

2021,49(7) :1047-1052.

ZHANG Jingsi, CHEN Zhiguang, ZHAN Xinyi, et al. Combus-

tion characteristics of exhaust gas for solid oxide fuel cell in por-

ous medium burner [ J]. Journal of TongJi University ( Natu-

ral Science) , 2021,49(7) :1047-1052.

R AR, W, SE TSRS MR o i MR R A B

FEMHIFEL)]. BRI, 2021,41(7) :32-36.

LI Jiarui,ZOU Chun, YAO Qing, et al. Study on combustion sta-

bility of exhaust gas from solid oxide fuel cell stack[ J]. Gas &

Heat, 2021 41(7)-32—36

R, R, 32 . SOFC MMM beditE[T].

RBEREE SR, 2021, 27(2) :201-207.

JI Mingbin, LI Dajun, GONG Siqi,

tion characteristics of SOFC tail gas[J]. Journal of Combus-

tion Science and Technology, 2021, 27(2) :201-207.

WANG Hanlin, LEI Qilong, LI Pingping,et al.Key CO, capture

et al. Catalytic combus-

technology of pure oxygen exhaust gas.combustion for syngas—fu-
eled high — temperature fuel cells [ J]. International Journal of
Coal Science & Technology, 2021, 8(3):383-393 .

FAF R, VIR, A BRSO B SR IR R
(IGFC) HARME Ao )] itgidiA , 2022, 28(1) :78-84.
WANG Qi, YANG Zhibin, LI Chufu, et al. Research progress of
integrated coal gasification fuel cell combined power generation
(IGFC) technology [ J]. Clean Coal Technology, 2022, 28(1) :
78-84.

PENG Suping. Current status of national integrated gasification
fuel cell projectsin China [ J ]. International Journal of Coal
Science & Technology, 2021, 8(3) :327-334.

WEI Chang, LIU Zhien, LI Chufu, et al. Status of an MW, inte-
grated gasification fuel cell power generation system in China[ J].
International Journal of Coal Science & Technology, 2021, 8
(3):401-411.

BRI, XA, R, A BESLRR LI Kk L R SRR A
B[], RS R K2, 2018, 35(12) :988-996.

LI Pingping, LIU Changlei, HUANG Bin, et al. Process simula-
tion and energy analysis for IGFC system[ J |.Computers and Ap-
plied Chemistry, 2018,35(12) :988-996.

VIHER, T, 2o, A RIS R L R SR
BT ) ], R, 2022, 42(19) :7102-7112.

XU Shisen, ZHOU Xian, AN Hang, et al. Research on sys-
tem construction and simulation optimization of integrated gasifi-
cation fuel cell[ J]. Proceedings of the CSEE, 2022, 42(19) .
7102-7112.

63





