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Study on optimization of coal gasification characteristics and integration of its
low carbon combined power generation system

ZHANG Haoru, ZHANG Guogiang, YU Jianhao, LIU Mingyu

(School of Energy, Power and Mechanical Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: In order to investigate the effects of oxygen addition amount and type of gasification medium on coal
gasification efficiency as well as the optimization of integrated gasification combined cycle (IGCC) power
system, a simulation analysis is carried out by baking two kinds of coals with significant differences in oxygen
content as the examples. Firstly, based on the equilibrium reaction model, the influence of oxygen carbonation
stoichiometric ratios (considering the oxygen content of different coal types) on gasification characteristics for
different coal types is compared. Then, the gasification characteristics are analyzed and optimized when CO- and
steam are added as gasification media respectively. On this basis and considering CO. capture, a novel IGCC
power cycle system with CO»-assisted gasification, pure oxygen combustion and partial gas recirculation is
proposed and analyzed, and the gas turbine model is simulated and optimized. The results show that, the coal
gasification performance is the best when the total oxygen-carbonation stoichiometric ratio is around 0.47. Under
this condition, adding CO; as the gasification medium can increase the efficiency of cold gas by about 1.3%,
compared with that of the conventional way that adding steam as the gasification medium. Compared with the
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conventional IGCC power system with pre-combustion decarbonization, the net power efficiency of the proposed
system increases by about 1.5% and the exergy efficiency increases by 1.7%, which provides a new idea for
designing a low-carbon and efficient IGCC power generation system.

Key words: coal gasification characteristics; total oxygen to carbon stoichiometry ratio; low carbon; IGCC;

system integration optimization
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Tab.1 Proximate and ultimate analysis of the coal

A woMYI%  wa(A)/%  Wa(FC)% wa(V)/%  Quav/(MI kg

1 0.20 15.90 58.01 26.46 29.83
2 0.25 12.76 56.84 30.39 26.75
wi©)%  wa(H)%  wa(O)/%  wa(N)/% wa(S)/%
1 7405 6.25 132 071 177
2 7020 420 1153 0.81 0.50
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Tab.2 Coal gasification feeding parameters
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Fig.2 Effect of total oxygen-carbon stoichiometry ratio on
carbon conversion rate
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Tab.3 Coal gasification feed parameters using different
gasification medias
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TiH CO2 A i R

Zh (kg h Y 1000 1000

Eey ORI 30 30

254 (kg hY) 915.51 91551
2RI EIC 255.00 255.00
SRR R 0.47 0.47
SALE F7IMPa 3.00 3.00
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HIP 6 RO, 72 BRI, 2 R tesr
JRERG KA BT AT, AL R PR
Tt IR R AR ST HBAT B

http://rifd.cbpt.cnki.net

CO A A, Bli%s CO2 BRI, AR
FAERIL B R R 5, S IEBME
Tty AN, BES AR, R
FRCRAE BRI AL AL B de i e BRI A 1
L AR TN 047 %4 F, COME NS
B, PR T T 1.3%.
A COz S BUAHLE T 20 R A —E i
e, IRINE R COp W] LUE & BT A B 2
AN CO, HARMAABRABER . 1E50R
IGCC HiJ A7, LGRS O itk )ik
NARTHAEERK - 10 COH AR T = 1 &40 o
IGCC i) &R B 5, W™ CO, A%
FH2, BrlE Co AR RIS TT 5,
FEBLS I R Gih BA BOR K SE PRIz FHE

3ARBRER AR IGCCHKIEE RS
£

BF CO, ARMA AT S, S IRE T
52 UGHECHI# 7 IGCC K HAE L R Gt . % & 3] Aspen
Plus BB ME, MR MRS 1) &ML
BT RaIBAT, A EEfEEm; 2) H5
P R R R 5 S R IR A, AR E
WREZE s 3D AA RSB 4) BRI
IRy NPEHEIR, RS 5 RN 5) FraER
S 7E 75 A 37 e /N R BE 205N AT DLIA B i 4T
3.1 B IGCC K BEM R L

ARSI HE IGCC KRR RS E
K7 Fim. BR0ES (ASU) AEZESLE O,
A N2» O FFHEA SRS AE S EHL
Wi = Al AR e it R L B 7E S AL 5 O F CO,
RE, RAEBRSMRN ARG RS, i a
B R HEN R IR SN A 4> R IR R LA K
H AR 1 R 2R TR N R AR T S R 2R
L), R RIS A RSB T VIS5 B
e BEJERLA BRARHE NS BT T RS
B F2R A B B K 20 AR 245 B0 A0 5 B
BRI A R R 2 R AR S B4 A
%, 2 5HA AR RA . B A R
Akfsh, BREERE SN =, kb=
5 ASU 7R B SORIER 43 N G B A TR I 2
TR AT B Ak be, FE IR SEHLE T
Ih, BRAECHLH VRSN O TR A SR AP A 2




96 kAL &

2024 4F

AP A FTHUEA T RGOS KR
CO IR — 7 2 1 T s B3 B A A H L& T iy
fgsbes, 7 #MARERR. XKE, 2=
Gk, A CO2, TERUBRIA R . L ARG
IR CO2 IR A MAbEJE I 4H R CO2 7~
dt, WRFEHLAE 20515 300 IR i LA R i
TR & R RABERITT o

ik
I
|l

I itk ”
B AT Rtk

I i = g T
3uhk UK

o
3)

REILRIK _ ’_L®
6 — 7 s[ el MRl =
- :Dﬁ AR INER P LJ))E}M‘ i_» ( > l
AR | F LT BEA K
K L TR '

ERK | B ([ A R

I
|
A
|
|
|

AT iR 2% . |
N N 2 $4e 3 fs £ - J
KlEds AZREEHL CO,

A EK |—|
ZRIRGRBAR N,f0,

B 7 #i% IGCC X ERRL
Fig.7 Schematic diagram of the new IGCC integrated
power generation system

32 £tL IGCC Xk BERRS

Z L IGCC K HENR RGN 8 fin. SHAR
il ASU 7 B2 S A i R e S Ak B A
Oz &, IR R ZERME AR, HE RS
S RN E— RINREAH G, 5B
ARG, KA RN, GRS CO
AN CO Fl Hyy &R 5, FIF Selexol 74
W H A ) CO2 FIEBRANIR, SE LA UL S
WAl . G RREIK S RE M R T))E, 1
PRIE = B S IR AR s SR A RS, ENBIR A4
MU . Z RGP DL ZE R LR &
THE#H RS, R#/HMEILTFAS CO2,
SRV ENHEZS .

X 2/NMIGCC KH ARG, S Al 35k A
A1, EHESRES N 26.43 kgls I, 1A E
TS AR R A AR . RARIEX 2 R
G IA BIAH R R BRE (1300 CH, fHH
CO, SALA BRI 248 CO, & 5.45 kgls, 1 7%
RAMN TS LR GRTEL 2K N 4.98 kgls.
R SECHL . RAE S RN S B R %, M

Al AR I e S B R — B IR S 4L
W 4.

e i 7K

ﬁ%
5 VA BT B _XU‘V,'! :‘r

=]
s KT s

 aREK
RA4HL 5

=
HEF U
] WA
Lo WY
|
L

|
| R
|

N |e—
b
g
323

T T g NIERYIN
L1 D_D_M: __ Gk
| B g
________ o TP
Bl 8 &Lk IGCC X BEMRY
Fig.8 Schematic diagram of the reference IGCC integrated
power generation system

% 4 IGCC RERMARFEARSY
Tab.4 Basic parameters of the IGCC power system
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TiH HE
2R (kg s7Y) 27.78
E SAnghEEI(kg s 26.43
& PSR J3IMPa 3.00
?; WAEAEEIC 1300
AR AL 2% 99
PRAFEHA DRI/ C 1200
BRAEHLE LG 15.4
PR ECH LR 0% % 91
7 IR LB % %
5 TR R % 87
ji\ FEHN DR C 535
WU FH AR B AP 2875 71 /MPa 12.00/3.90
AP BN IR 1C 10
AIREEHLSE R % 87
©: FRGHMEZER, BRREERMBYHMERE ST 100 C.
IIEHERKR S

Xf 2 N IGCC B G RG AT, 15315¢
BRI SEOLE 5. HE 5 AT 52 IGCC &k
ARG, B 1IGCC KRG A& KA+ CO 4
Sy, M Ha 41438 CO S AA R AR 3%
FRoWRMZRN 1IGCC AP 4 0.7%.
CO2 S AA AT DABE b Mo F 7% A Ak 22 R, 7
A BRSO o A B s R RVE
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Tab.5 Parameters of the main streams of the above two IGCC power systems
; RS> $%
i it E/(kg s7Y) F& S1IMPa WEIC
N, 0, co CO;  H0 Hz H;S  CHq
1 55.14 3.00 130017 179 6595 076 098 2966 056  0.29
2 54.14 2.82 507.83 1.82 6698 0.7 3013 0.30
¥ 16CC 3 4417 1.62 411.78 500 9500
R BT RS 4 650.94 154 120010 371 020 7030 2579
5 650.94 0.10 732.14 371 020 7030 2579
6 552.64 0.10 95.17 371 020 7030 2579
1 54.68 3.00 130029  1.69 5617 249 438 3465 053  0.09
2 14.00 271 402.44 1.78 658 221 89.33 0.10
S 16CC 3 654.07 1.62 42738 7900  21.00
A IR EE R 58 4 668.07 154 120002 7656  12.33 100 10.1
5 668.07 0.10 561.01 7656  12.33 100 101
6 668.07 0.10 10656 7656  12.33 100 101

ZIl IGCC K H RGN A AL 4455 1
BB RS, G R AR 5 EL 90% LA
ERAAN Hee —Zmil ¥R CO LN
CO: hJEHitE, C JumMHEARIL 85.8%, Ko
CO, HE A B H] o AR AR 4o [ B TR,
Za A AR AR —E R, T AMER
SR, 2 RGBS AR ) B T T
HAMRELS K, FP=AEAR R 28 VR NG A 5

X 2 MRGRREHIEE R ERSL . BT 1IGCC
R RGR WA E Rk, #LERAE RS
ASU A=Al EUR &R, S —a s G R
PERIPHERR S, — RN SRS, RS
ML N T CO2 A1 7340 70.30%, H20
AR KON 25.79%. S IGCC K HL R G IS
WERSILTAE C ook, 5T VREGREE, 17E
PRAFEHL T T No A F 3 30N 76.56%,
O TR F A $ A 12.33%, H.0 KA %h 10.11%,
CO2 B3 44 1%.

IGCC B AT RGMERENLAR 6. Selexol V27
WS A AE P 2B i R CO [ REFES 5 SCRR[257E AL R
B TS . ASU A P74 S REFE S5 LR [26]
1E 5 A AP R T, BT AR P R A SR
TN 1 kals. AR BN 95%F 75 T #E 0.85 MW,
HoAh ) FH AL RS R R 3%55. K 6 f
W, 2 A~ IGCC KH ARG HIMEN M NG AR, Hr
ARG H CO2 BRZETRNE N T B T RAERRSECAL P 6
sh, HMIhEe A NS R G H 2 IR AR

BB TR e RSERIUESVLN RS, St
ARG MRS H R DIZ N 258.69.
218.05 MW, H RGMRHFCHLEF ToH 15 D 23 FRAIK
T %) 15.65%. 1HHT RGMRSFCHHEWEE KR, 15
JRIEIAE A B S ThE. B R, SHARAM
RGP ZEIRNLE M B D)0 212.75.114.43 MW,
HARGAH 100%1) CO figkax, FIELR, A=
A TIREECR, EREAAHT & Gudin i (1 Dh Al L
TSRS A eIt

F 6 IGCC KRG ERESH

Tab.6 Performance parameters of the above two IGCC

power systems
B ‘ %‘ﬁ/IGCC %;tt ICC
BRE TG R4t BRE B3 R 5%

MHEFE (kg s7Y) 27.78 27.78
Qunv/(MJ kg ) 29.83 29.83
MR HEMW 438.64 379.53
PRSE KT TR IMW 218.05 258.69
FERECH L DR IMW 212.75 114.43
ASU ZE 5 FEREIMW 59.90 22.42
HoS L REFE/MW 3.13 2.93

4 CO2 fiEFE/MW 34.43 27.35
Hopth ) H H/MW 13.16 11.38
B H DIMW 328.02 315.43
B R I% 39.59 38.06
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1.5%, SR ATEEFEK, HAEAE R A%
FEAER) CO2 7= i, S AMHA BCRH D B A RS
PRIFHT R ARAE R 5, wT DA 28 ) e #
Bt SVRSRE B R AU R S R ANE
3.4 IGCC X B ARG R
2FIGCC RGUH MM AR WK 7. AR 7 AT L,
2 T RGAE AN LR A LA RS 2 S0 SR 3548
Ko H RGN AR N 135.82 MW, TEAS
R 2R 155.24 MW, iX 2 N5 REEAR
K EBRB 52.37%; S LRGSR
139.15 MW, A SEEHLIA e = Ml 2%y 163.82 MW,
X2 MR RE SR S SR N 52.68%. iX 3 E
RN S B R e 2 Hh A T AN AT 3 R R 0 AL
S, TS BT BRIk .
KT PPWER

Tab.7 Exergy analysis for the above two IGCC power
systems

WIGCC #4t £ IGCC R4t

H TR TR TR 7
MW % MW %
i 883.84 100.00 88383  99.25
I KEZER 6.67 0.75
PN ISl 883.84 100.00 890.50 100.00
AL 135.82 1537 13915 1563
L VH 3894 441 1291 145
szwﬁ Ram 1747 198 3313 372
Selexol Biili & L 154k 11.98 1.35
LS T AVE 32.04 3.60
bR 155.24 1756 163.82  18.40
PRAEHLEARNL 12.48 1.41 15.23 1.71
MRde  BAAEHL 1748 198 2114 237
BRI 5435 615 3942 443
ZRIREHL 30.13 341 21.43 2.41
B 26.92 3.05 19.83 2.23
= 2% CO; [E4ifi 19.65 222
CO2 ™ 2713 307 2327 261
RIS HER 3.13 035 2928  3.29
HoAb AR 17.09 1.93 12.45 1.40
JA 2R R 55582 62.89 57507 64.58
W T 328.02 3711 31543 3542
it 883.84 100.00 890.50 100.00

@: B ARG ITTHIS (379 MW) AL, SRS A RAA
HIRIELIE A BRI R SR A A

B RGHFEM AR EE 2, ASU F2A
K JRAEIA R RGP HGR 2 80K, 2R
ZREZ, PRARMERE R KA HEE S
BT IR AR 8 AR AR, AR RN . S
RGN e R A T AN A N, B
e Selexol Ffit K6 = A= =i k. CO, i #2, 7=
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FREZ, [FFEHTR RO R HERA 21HES
DR LA RE, B RGN TS
L RGAE 1.7%, TEReRFIA FEA—2 .
3.5 MAGFIER

ARG R R AR M T S
Lb R4, (HHT RGAEMRIECH LS H T2 7 T R I
ZE, BREFCHIHEIE AR B (732,14 °CH. N
WA R85, DMRRENLE 0, fEOREF
PR ECHLEE AR T 1200 CAZE . #GR P HE
MR BE AN 100 C &4, Il AEH R UE T
B N VRS EE HLE B AE 5 R S e HLIE T
O TR SEHHE RS R 2 Mg, AR
WRAEEHL I IGCC RRIBATIB I, PRI H S AN .

B L AR BT R AU SNt & an i 9
Fiiose EETNBRSE LS th D) 2 5 A WL =L
HOEA SRR R R . BiRGH, R EHLHE
RIS R G mR %, B s R AR
S IGINR LA H D ZR (138 J 80K
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Fig.9 The gas turbine characteristic curves of the new
IGCC power system which change with pressure ratio
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BRI T4 2 B . HERIEHT TSI
AN, RS EHUE LA e B e, BB S5
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Fig.10 The gas turbine characteristic curves of the new
IGCC power system which change with outlet pressure
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[FIE AR R SR NSRS e =
T T Y A 1) S 46 Ty LA R Bl A R B PR A T A
Ie D DA K 3R b s A s, B
JEM 100 kPa &% 50 kPa i FEH, # RGF R
T 725 1.6 B mMRSEHLTE K FE 22 67 kPa I,
LEDNIABIUEAR, ARERPRIRE I, LI RIS, 2P
RAEZHHE

44 &

1) HEEASARS, XTI TR Rk R
AR R LI HILE 0.47 124, S5 A B S ALH)
B RAAIREE, W15 BB s A %
o SEBRA T RE, N T AR R AR
A, AR R AE AR .

2) CO fE MBS BT ) AR AR TR S 2%
R, ZHAEAERZETIE 1.3%.

3) AT CO, FB M. Aidihbe. &6
SRR BRI IGCC KRS, BikF ik
100%, HLJ FEARFCRALES IGCC ARG Z
1.5%, HIIRFFIRLT 1.7%.

4) B RGBS HNANE TT, @A
ML b B B AR MR SR HLHE R 1 e 3 vl PRI A
AECHLHE G B R0 AR AR B /N RGR 22, JE A
RGO KRR 1.6%.
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