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Performance investigation of Ni-based CLC gasification combined cycle
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Abstract: Chemical looping combustion (CLC) offers a possibility of separating the greenhouse gas
CO,. An integrated gasification combined cycle based on CLC is discussed in this paper. In the system,
NiO/NiAl O, is used as the CLC oxygen carrier and Texaco gasification process is selected. The system
performance is simulated by using ASPEN software tool. The system efficiency is 39. 61 % HHV (41.55%
LHV) and CO, emission is 126 g « kW' « h™', assuming compressor pressure ratio 17, air reactor outlet
temperature 1200°C, turbine inlet temperature (TIT) 1350C after supplementary firing, and cooling air
fraction 12%. At TIT 1350°C, CO, capture rate increases by about 23% and system efficiency decreases
from 40.3% to 39.61% when the air reactor outlet temperature rises from 1000 C to 1200°C. With the
increase of TIT after supplementary firing from 1200°C to 1500 °C, system efficiency increases from 37. 4%
to 40. 8% and CO, emission rises from 3 g+« kW ! « h™! to 202 g« kW™ ! « h™!'. At a specific TIT there

exits an optimum pressure ratio and the optimum pressure ratio goes up as TIT rises.
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CLC RA% Gt (4 48 458 B2 IO 3 fifk o W A A A 2
JERE s He—hy 4 Ja A8 S A 1) 2 4 S g

e it

xMe + %oz = Me, O, (D

K= oh 4w A ALY 5 B 8 IR RN . AR
B G CHY) FEFBEAMET, et fe, H
R T HAMEYKMESE. TS8Rtk
Me, O, #47 T it ) i

CH, + %Mc,l()y B 0, 21,0+ %Mc 2

A, CLC iR e MR Br NO, B9 4 . — 7
17 25 S BRREAS B3 12 il bk e T AR NO, 1Y
PR —Jr I, TR RN A, BT R R
L i B T e I U = S A B 9 e
B, YEFE RN A IR S m T 1200 C BF, R R A
NO, A4,

Lyngfelt " L CH, A E, L Fe, O,
M NIO Rk E k. %t CLC 8 b A7 & &3k, o
98T %4 A AL BB FE . Brandvoll 20 X
K CLC A M B A 76 38 R go b A7 3 M BE I3
5201 . Anheden 259 % DUBE S AL & S8 B R
CLC #4701 43 #r . Jin 25V BF 58 T 2 Bl < 1R 4
BHY CLC RBEHLEL, Zr HTBF 98 T AH SC B S 18 3R 1

POITPERE . [ X JE T CLC #R B2 4 AR il 58 IR 1<
LIRS 6 IR E T W1 BESE .

BAMIE CLC P AR B XEHEMIEMN. %
JE B R A AT b 2 RN R L A R RS P
K R BE T iR, PR T NiO/ NiAL O, fE
AR, RE B ZOR) F RTAT RB rR AR TR A AL
R, R B B R R R R A G 5 A R
B AR R AR R, S
MR R ARG YR . A ORI ASPEN & 57 1%
ARG AL, SRR, X m RS EGE
(0 Z S AT TR M, BF9E 4 S 500
ARG TERE R W,
1B S04 M B BX A 1 20
1.1 EENE

BRI SR BB B 6 I R G2 s 1IGCC
RGBT LR B ] CLC #Rpe s 5 B, sl
CO, B, RAEWMEH 3 Hadlm (B 2), T
Ay AL FE A, CLC R b 2 B K k<5
L KR B 4 CBP 28R4 35 ) A CO, & 4
157 8

----» H,0; - Ni/NiO:NiALO,; ------> coal water mixture

B2 RS SR BRI 5 IR 3R R

Fig. 2 Schematic diagram of integrated

CLC combined cycle system

W R ALY (G Ak, SAEFE YR
Wb S E (P AFAEA CLC BB
RN g R, B RAEESN (O B4 )5 AR
SN s R R A I B R S RE R e AR
HEREENRA (RAES), @4 8=%E (S
MR, FHEABEF (GTD s, &7 0Bk
AP (HRSGL) M K 7= A 2895, e
HEA RS CLC BRI 2% R b B e 1



- 1818 - e T

F [

% 58 &

BREMEAES . AN R RS RN (FEE CO,
M H,O) #E AL (GT2) M3, ik A4
fygr (HRSG2) ALK =475, &R W4,
RN A ) CO, .,

(D SALF Ay . A R GeE A H AR 8 4
SAELZEY, 98 el B MR, KR R,
POESALIRIE 1315C . JEJ) 4. 14 MPa, ¥ {L%E
9820, FEM 620, WUABIK 0.5, FEPREEEH
FUBREACIR E 900°C L B4R B 250 C . MDEA &
JBE A

(2) CLC #B4y. #EM Ni/NiO fEZAM, &
Al Oy BEIIALAE R . 23 SR 0 48 P9 A

2Ni+ O, — 2NiO AH =—1466.9 k] (3)
SRR S 2 P9 R

H, + NiO— Ni+ H, O AH =—16.4 k] (4

CO + NiO — Ni+ CO, AH =—47.6 k] (5)

CH, + 4NiO— 4Ni+ 2H, 0

RS CH, S, PO 4 L 1 SN 2%
R BRI SAE RS IR NIO fR 805 1
W, CLC B PIAS RN g B . B3, &
P 8%, NiO: NiALO,=3:2 (FEH).

(3) BRAHEEHLLL SROKAE IR . AL BRR
FEL Dy B 3B - A R E TIT B9 & i F+ . 1
TIT R E, EFRHsEBER. X T GT2,
R TR R R CO, MR BE LIF] T e, AR
GG 238 SR H R T L 43 85 1ok i AIKR
CO, ¥ ; B i & r i b E I E R % AT h
FE i BN K (5% 24 i e E13R m A/N ,
X R GEE R W AN K S fai A, BT RN
HIE GT2 (R, XA %A% 7 I ik 2h i
BERLTHE, SR AL ISO R B & A HRE 9 7
TR AR K RO AR B T I R AR
BRAFEHLLAVE T+ V4. 3A S HE B, Kb
17, B3 DR TIT1350°C . #F 125 K0 634
BHZERZE 0.12, ES M4 130 %E
8800 M TBE A FE 902 . HEA ) 0.1047

AH = 131.0 k] (6)

kg« s ',

MPa, 7 V-2 5 B BRSOtk A A # B e R A A 2 o]
W, FRAEZRIR . RPN SR, S5
k1 12.5 MPa/510°C /2. 86 MPa/510°C /0. 72 MPa/
232°CHY, /N ARIR2E 5C L B am S 2 30C
PR 0.7 HENEIR B 80C, BEIRA L) 4
kPa, JRFEHLNZR 90% .

(4) CO, Moy B MELE. X CO, #4771 78
MR, UMSEE CO, & 4. CO, 158 Ml 4
o3 A JiAT . BRI ET R B W
3R, R RMNEOXESRN., HKRERL 3.5,
B 82, & CO, R4 HI £ 11.5 MPa/30C,
B,

1.2 RZEHESWHIE

AR SO GE LABE A R 1 B =R e I 51 20
RGWTERE . AN VE SR B0 a4 N S 9 2 3 g 2
etk B HGE R L WK ) 2 R B RN g 14 45 R
it. FIH ASPEN BR{FRAUI ) 72, 110 2 08
PRI B SF AR AN BT s P E . Hrp s 0RO g AR BE IR
i 7K ] RGibbs 8, | ] i /Iy Gibbs H B #8111
AR A v A A RO AT B AR . R RGN T
fBsE s 5 AN iy R L BNy g ¥ 4 4 R E AN
BT 1200 C s FARAE 3R T HZ R F iR/
PR aE . BPA] N R ORI, R
FE A R R R BRI DN 15°C, AR
602 HHL Hlinois 6 5 MHMEAVE y R G HERE, R
grange 1 s, HE i Eh 26.14 MJ « kg ',
A Fy 24. 83 MJ » kg !,

£ 1 llinois 6 = A 455 HE1E

Table 1 Ultimate analysis of Illinois 6% coal
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Table 2 Components of clean syngas/ % (vol)

CO, Hk &t

(11

CcO Hg Hg() C( )2 Ng Other

42.75 29. 69 19. 47 7.13 0.79 0. 20
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Table 3 Components of AR outlet gas/ % (vol)

N, O, H,O Ar Other

81.73 16. 10 1. 07 0. 97 0. 14

R4 MBREBEHOSERS/ % (voD
Table 4 Components of FR outlet gas/ % (vol)

CO, H;O N, CO H, Other

49. 43 48. 98 0.79 0. 44 0. 20 0.15
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Fig. 3 Effect of cooling air rate on system performance
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