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Comparison of Quench Methods in The Coal Gasification
System with Carbon Capture
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Abstract >> The integrated gasification combined cycle (IGCC) system is well known for its high efficiency compared
with that of other coal fueled power generation system. IGCC offers substantial advantages over pulverized coal
combustion when carbon capture and storage (CCS) is required. Commercial plants employ different types of
quenching system to meet the purpose of the system. Depending on that, the downstream units of IGCC can be
modeled using different operating conditions and units. In case with CO, separation and capture, the gasifier product
must be converted to hydrogen-rich syngas using Water Gas Shift (WGS) reaction. In most WGS processes, the
water gas shift reactor is the biggest and heaviest component because the reaction is relatively slow compared
to the other reactions and is inhibited at higher temperatures by thermodynamics. In this study, tehchno-econimic
assessments were found according to the quench types and operating conditions in the WGS system. These results
can improve the efficiency and reduce the cost of coal gasification.
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Fig. 1 Shell gasifier and radiant syngas cooler”
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Table 1 Feed analysis

Type Components wt (%)

Moisture 0.0

Proximate FC 48.09
analysis VM 40.87
ASH 11.04

ASH 11.03

C 67.45

_ H 4.56
Ui N

Cl 0.01

S 0.98

(0} 15.01
HHV kl/kg 26,787
LHV kJ/kg 25,810
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Fig. 8 Configuration of WGS reaction process
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Table 2 Simulation results after gasification

Item NETL (mol%) | Lee's model” (mol%)
Ar 1.04 0.00
CH, 0.00 0.12
CO 60.16 58.79
CO; 3.18 2.94
COS 0.05 0.00
H, 26.16 28.82
H0 2.79 2.44
H.S 0.30 0.00
N, 6.04 6.89
NH; 0.29 0.00
(0]} 0.00 0.00
SO, 0.00 0.00
Total flow (kg/hr) 375,047 375,032
Temp (C) 1,427 1,450
Pressure (atm) 41.84 42
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Table 3 Simulation results after water quenching

Ttem NETL Equil. Gibbs. PFR
(mol%) | (mol%) | (mol%) | (mol%)

Ar 0.60 0.60 0.80 0.60

CHy 0.00 0.00 16.64 0.00

Cco 34.70 1.37 0.00 34.54

CO, 1.83 35.15 31.96 1.99

COs 0.03 0.03 0.00 0.03

H 15.08 48.40 0.09 15.24

HO 43.86 10.54 45.44 43.70

H.S 0.17 0.17 0.27 0.17

N, 3.48 3.48 4.79 348

NH3 0.24 0.25 0.01 0.25

(0} 0.00 0.00 0.00 0.00

SO, 0.00 0.00 0.00 0.00
Total flow (kg/hr) | 604,961 | 604,952 | 604,952 | 604,952

Temp (C) 230 230 230 230

Pressure (atm) 38.8 38.8 38.8 38.8
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Table 4 Simulation results after radiant syngas cooler
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Table 6 Comparison of gasification plant cost

Ttem NETL Equil. Gibbs. PFR Shell Siemens
(mol%) | (mol%) | (mol%) | (mol%) Gasification Plant Cost 630 465
Ar 1.00 1.04 147 1.04 ($/kW) (25.1%) (17.8%)
CH, 000 | 000 | 2102 | 000
co 60.10 | 5739 | 3878 | 60.10 S Se a8 058 |20z B
Co, 320 | 594 | 2947 | 323 DE T R
cos 000 | 0.05 050 | 005 ok NETL A}=9 %Oﬂ Hgkgo] 97.5%0] 1%,
H, 2620 | 28.92 0.00 26.21 HAFZ}E 99% o)Ak ZHR| = Aglo] 71sS A0 R 4
H,0 270 | 002 | o000 | 274 AFglojth, 1 Azk= o}#f| Table 57+ 7k
H.S 0.03 0.30 0.00 0.30 = 7;134_2_ 53H “’Lﬂitﬂ =0 Z{ﬁ]—‘%—o- _(HsHH
N, 600 | 604 | 876 | 604 L H,0/C00] B8-S 1.75 222714 ol Ao B
NH; 030 | 029 | 000 | 029 QT s B2 AEo] me) AN To
0, 000 | 000 | 000 | 000
SO, 000 | 000 | 000 | 000 M= A5 154 27 7ABE 98.51%9] ek
Total flow (kg/hr) | 375,047 | 375,047 | 375,047 | 375,047 S EE T IS Y+ Uk
Temp (C) 230 230 230 230 olzjst Ry ZAys &-gslo] CCS7F AA=
Pressure (atm) 38.8 38.8 38.8 38.8 IGCC F3ol 9lojA] water quench ®'H¥} radiant

At =A7FAS AEEe-S Yol FYEE
Elu} QJalslerAo] Hl(H0/C0)2] H8-S 1.44~1.75
7HA] ¥sE AlA 7hEA B4 egste] Bkt o]

ghia

> r

Table 5 Simulation results after WGS reaction (Bed Voidage
= 0.5)

ltem H,O/CO (mol%)
NETL | L.75 1.65 1.54 1.44
Ar 0.66 0.65 0.65 0.66 0.66
CHy 0.00 0.00 0.00 0.00 0.00
(€0] 0.97 0.32 0.42 0.57 0.80
CO, 39.70 | 39.93 | 39.87 | 39.78 | 69.65
COS 0.00 0.03 0.03 0.03 0.03
H, 5440 | 54.55 | 5450 | 54.43 | 5433
HO 0.17 0.21 0.21 0.21 0.21
H,S 0.22 0.19 0.19 0.19 0.19
N2 3.87 3.84 3.85 3.85 3.86
NH; 0.00 0.27 0.27 0.27 0.27
(0)} 0.00 0.00 0.00 0.00 0.00
SO, 0.00 0.00 0.33 0.00 0.00
Temp (C) 185 185 185 185 185
Pressure (atm) | 38.3 383 383 383 38.3
Conversion (%) | 97.49 | 99.16 | 98.90 | 98.51 | 9541
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