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Simulation and performance comparison of two kinds of coal

gasification process in coal based ploy.— generation
LIU Chuanliang ZHU Zhijie FAN Xuefei CHEN. Hongxi WEI Qi
( Shanghai Power Equipment Research Institute Shanghai - 200240 China)

Abstract: Taking Aspen Plus as simulation tool build coal gasification model with, Gibbs minimum free energy equilibrium method. Simu—
late the Texaco process and Shell process the former is presented by coal water mixture entrained — flow bed the latter is presented by fine
coal entrained — flow bed. Analyse the synthesis gas composition calorific value cold gas efficiency oxygen consumption rate coal con—
sumption rate and other performances. Investigate the influence of coal water mixture concentration ratio of oxygen to coal coal types on
gasification performance. The results show that within the slurryability of coal the increase of coal water mixture concentration is beneficial
for the improvement of effective gas content in synthesis gas and cold gas efficiency. On premise of high carbon conversion rate the reduc—
tion of ratio of oxygen to coal can improve the gasification efficiency. The coal with high volatile and low ash is beneficial for gasification.

Comparing with the coal water mixture gasification“the pulverized coal gasification has more advantages such as lower oxygen and coal
consumption rate.

Key words: coal gasification; gasificationperformance; poly — generation; Aspen Plus software; simulation

Texaco

Shell o7

3-5
. CO.H, .CH,
12013 -12 -31; : DOLI: 10. 13226/j. issn. 1006 —6772.2014.02.017
(08DZ1200103)
(1984—) N IGCC o E - mail: liuchuanliang@ gmail. com
I 2014 20(2) : 64 -68 72.

LIU Chuanliang ZHU Zhijie FAN Xuefei et al. Simulation and performance comparison of two kinds of coal gasification process in coal based ploy

— generation J . Clean Coal Technology 2014 20(2):64 -68 72.
64



2014 2

N o Aspen plus
o Aspen Plus 50
5000
’ 9-11
Aspen Plus
1
1.1
12-13
Gibbs
Aspen Plus
@
;@ .
@
@ ®
H.O.N.S C
;© °
Texaco
COMP N GASIFIER o

MIXER.MIX 1 MILL 1.MILL2.SCREEN

- RSTOIC
. PUMP
; COM

. COMP
Aspen Plus
Gibbs
GASIFIER
Shell
N COMP .
GASIFIER o
ER.CRUSHER.SCREEN
. RSTOIC
+GASIFIER

RGibbs

COMP

1.2

69.06 kg/h  31.13 kg/h(
<100 pm’95%

3.5% Ar1.5%) .

o GASIFIER

MIX-

~ COMB .

69%)
0,(0,95% N,

2% N, N, 7.11
t/h. 62.5 kg/h
235.9 C 13.33 MPa 7. 11
t/h( 0.11) 0, 57.51 t/h (0,95% N,
3.5% Ar1.5%) . 1.
1
Texaco Shell
/MPa 2.65 2.69
/C 1370 1500
0, 95% 95%
/MPa 0.26 0.26
/MPa 3.36 3.50
/(kg * kg™h) 0.96 0.92
(ted™") 1657 1500
/ 0. 69 0.11
1.3
2% o
2 3.
2
2.1
o ®
16) nm =

65



20

2014 2
/ ( CO H,
) ® CO H, m’ /1000 m*( CO + H,); &
kg/1000 m’( CO + H,) ; @ o
2
1 2
M, ! % 5.7 1.8 9.2 8.5 3.9 10.0 8.5 7.0
FC,./ % 63.2 75.7 65.7 71.2 66.7 47.1 52.2 57.3
V.l % 12.7 3.2 5.9 5.5 10. 4 30.5 24.8 19.7
Al % 18.4 19.3 19.2 14.8 19.0 12.5 14.4 16.0
Qu o/ (kI * kg™h) 26475 22718 23731 25060 25939 25143 25574 26497
3 % 2.2
1 2
o /( +
A, 19.51 19.65 21.15 16.17 19.77 13.87 15.62 17.20
C, 72.01 76.04 72.25 77.43 72.47 71.53 71.35 72.90 ) 0,
H, 3.48 1.20 2.44 2.77 3.75 4.43 4.15 4.10 °
N, 1.26 0.69 0.91 0.84 1.16 1.54 1.55 1.30 0.96 95% 2. 65 MPa
Cl, 0.06 0.12 0.06 0.01 0.03 0.20 0.02 0
S, )
o 0.32 0.53 0.40 0.65 0.17 0.94 0.46 0.40 61% 69% .
0, 3.36 1.77 2.79 2.13 2.65 7.49 6.85 4.10 1
80 D 736 9600
£ 60 o 734t k-2 —
= 60p S . - 9200f —
S | ——— Emna N 2 —
= 40F &= 8800}
;H’\; %ER 730k // 52 ./
o A [ I
< 20f I L gl g 84001
——CO—#-H,—CO+H,*CO,+H,0 : 4
0 ! L L 1 1 72.6 N\ L ! L 1 8000 L L I 1 1
0.60 0.62 0.64 066 0.68 0.70 0.60..0.62 064 066 0.68 0.70 0.60 062 064 066 068 0.70
ISR P 1% IS 1% ISR BE 1%
a) b) c)
1
la) o IC)
Co H, ( )
CO +H, 69% CO +H, o
76% , Co,
29% 22% o
2.3
Co, 10. 4% 8.7%
CO H, 1370 C . 2. 65 MPa.
69. 06 t/h. 69 %
CO, CcO CcO o 0, o
1b) 0.92 kg/kg 1.0 kg/kg
1500 °C.

66



2014 2

2.76 MPa, 62.5 t/h. 0. 11 kg/kg
0, o
0. 88 kg/kg 0.96 kg/kg o 2.4
2 o 2.4.1

100 - N 1. 2. N 5
—

80+
kR COH, )
601 = kiitsco,+H,0 . 1370 C.
40| MO, 2.65 MPa. 69.06 t/h.

~#fcosmo 69%

=

BT

[\
D
T

___o———% | A ) 3 °
0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02 CO + H2

i 66.1% ~67.9% . 3a)
a) % ~T4%:

(=]

2801 sty
2.6o-+.‘%/_/-/' 3b) .c)
2401 2. 3
S 220} .
O /
2.00f — 3
1.80F . . .
1.60 L 1 1 I 1 1 1 1
0.86 0.88 0.90 0.92 0.94 0.96 0.98 1.00 1.02 °
AR Aspen
b) .
2
2a) o
CO +H, 2.4.2
CO, + H,0( ) o 5
0, 0, 0 1500
0, C- 2.76 MPa. 62.5 t/h,
CO H, 0, 0.11 kg/kg o
CO, +H,0( ) X 2h) CO +H,
coO H, o 4
0, CO H, CO +H, 78% ~
H, 84% ;
Hz 02 o o
86r = [Texaco M Shell o S00p [JTexaco M Shell ~ S00r O Texaco M Shell
<2 B B = g0k [ M Ewoll & [T M M~
SN eir 1IN B A It
S 78t . L .
S B il B BE BE BE BETTEE NN NN N NN
SIFEENNESI AN
Ll fﬂé 1001 ﬁé 200}
il NI Bl Nl R BN Bl NNl I nh
66 Ll m— | QL. mm |
I R R 2 PR 412 IR M R 2 DR 1% B OEE T M2 UERRIS 42 %
A R yoxi
a) b) <)
3

67



2014 2 20
3 1 2 3) o Texaco
1 Shell
o 1 o
14. 8% 4% ~5% . 4) o Shell
o 82% Texaco  71%
IGCC o
o 5) o Shell 1 2 .3
o Texaco 4 .5
3 .
6) o+ Shell Texaco
2 10% ~20% -
4. Shell
N N o N Texaco
4 Texaco Shell °
Texaen Shell Shell Texaco o
Shell N
69% 2%
<100 pm <100 pm X Texaco
95% O 95% O ’ : ®
e o Shell
3.5%N, +1.5%Ar3.5%N, +1.5% Ar
2% 6% -
co 43.57 64.05 N N
H, 24.26 26.90 : (99.9%) N,
H,S 0. 04 0. 05 s
co, 10.91 .05 ’
H,0 19.28 1.63 > (@Shell
N, 1.56 5.93 4 0,.N,
% 97 B Texaco o
1% 71.1 82. 1
/(kg* kg™") 0 0.11 4
! 416 348 Aspen Plus
(m® + (10 m) %)
/
N 651 580 N N
(kg - (10 m) ™) 1)
4. 3 : ) ’
1) o Texaco (0] .
+ H, =68% ; Shell 3)
CO +H, >90% - 4) .
2) o Shell CO, +
H,0 3%; Texaco
CO, + H,0 30% | ' I
20% . Texaco 2003( 1) :3 - 10.
o ( 72

68



2014 2 20

CoO (O, 0.85% CO 40% 78%
5.20%  3.79% 0. 78% 20 t o
8 %
( ) ( ) co /
¢( CO) #(N;)  (CHy)  (CO,) #( CO) o(N;)  o(CHy) ¢ CO,) (ted™)
2012 -09 01 3.21 7.90 5.55 1.53 0.83 9.25 6.44 0.92 78 775
2012 -09 - 11 3.18 9.00 5.62 1.50 0.84 10. 32 6.40 0.90 77 764
2012 -09 - 12 3.02 9.35 5.33 1.45 0.75 10. 72 6.09 0.87 78 770
2012 -09 - 13 2.92 8. 89 5.71 1.34 0.70 10. 30 6.47 0.72 79 768
3.08 8.79 5.55 1. 46 0.78 10. 15 6.35 0.85 78 769
17(3):3 -5 97.
4 5 .
J. 2011 17(5) :44 —47.
6 .
° . 2013 31(8):7 - 19.
7 . J
. 2005 13(5) : 19 -20:
142.29  w’/d 152.23 5 : I
s s 2006 27(1).: 18- 19.
m/d 10 m 9 . O, I 1996 21
50. 33 t/d, (3):40-23,
10 ; 1 CO, .
€0.CO, J. 2008 18(8):5 - 11.
29 t, : : e
2008 28(8):1 -9.
12 .
1 . J. . 2007 31(4):93 -95.
2001 7(1):9 - 13. 13 . J.
2 . 2013 19(5) :60 -62 67.
] 2011 17(2):43 -53. 14 . . 2007 36
3 . I 2011(3):50 (3):28 -30.
-53. 15 . J.
4 . I 2011 2005( 11) :8 - 11.
( 68 ) 9 .
2 , J. 2009 160(1) :21 -23.
. 2007( 10) : 97 -99. 10 . Aspen Plus
3 . J 46(3) 114 -18.
1. 2009 28(2) : 173 - 180. 11 - Shell
4 ) M. J. 2000 25 (6) :381 -384.
2006. 12 .
5 . J . (n — I
2002 8 (1):30 - 34. 2004 38 (10) :1361 — 1366.
6 . Shell I 13 : Gibbs
2007(2) :37 -39. . 2005 32(2):129 —133.
7 _ . 14 . J.
2001 29 (1) :1-5. 2000 13(2):2-7.
8 . . M .2 . 15 : I
2006. 1999(1) 115 -17.

72





