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Performance Analysis of the Integrated Gasification
Combined Cycle Power Plant with Steam Integration

Chan Lee
Key Words : X¥l7F23} E&ERA(IGCC), H Y34 Waste Heat Recovery), 57]%14)(Steam Integration)

ABSTRACT

Waste heat recovery process designs and performance analyses are conducted on the IGCC(Integrated
Gasification Combined Cycle) power plants integrated with two different coal gasification and gas cleanup
processes by Shell and GE/Texaco. Through the analysis results, the present study provides the steam
integration concept between the HRSG and the chemical processes of IGCC power plant, and investigates
the effect of steam integration on the power generation of IGCC power plant. The present simulation results
show less steam power output and higher overall IGCC efficiency of the Shell-based power plant than the
GE/Texaco.
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Table 1. Gas cleanup processes

Table 2. Fuel inlet condition of gas turbine
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Gas ( ngip:/;l tion GE/Texaco Shell
CO 4776 64.57
Ho 3170 29.33
CO: 10.48 0.71
H0 8.32 0.14
CHy 0.05 0.04
Ar 0.74 0.72
Ny 0.95 4.49
Fuel flow(kg/s) 4770 4053
Fuel temp.(C) 343.3 281.8
LHV(k]/kg) 10255.2 123584

Fig. 4 Basic simulation model of IGCC Power Block
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Table 3. Steam integration with HRSG
t:é;gg(ag ) Equipment( the state of working fluid )
HRSG economizer(feedwater) — syngas
HP cooler(saturated steam) — HRSG
1500~370 feedwater |superheater(superheated steam)
and  |HRSG economizer(feedwater) — gasifier
steam | water jacket(saturated steam) — HRSG
superheater(superheated steam)
HRSG economizer(feedwater) — syngas
IP cooler(saturated steam) — SCOT-Claus
370~250 | steam/ |process(process steam) — HRSG
water |HRSG deaerator(feedwater) — Claus
process(saturated steam) — HRSG
LP
HRSG deaerator(feedwater) — Claus
20~120 Svtve;?r/ process(saturated steam) — HRSG
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Table 4. Performance comparison on the IGCC power plants
with steam integration

Model Texaco Shell NG(11)
Coal Feed Rate . B
(ke/s) 259 245
Cold Gas
Efficiency(%) 780 87 }
Turbine Inlet
Temperature(C) 1260.0 1260.0 1260.0
Pressure Ratio 17.65 17.50 14.20
Nitrogen Flow Rate B
to GT 70.44 47.36
GT Exhaust Mass
Flow Rate(kg/s) 500.63 494.37 416.30
Net Power | ST 138.6 1237 79.0
(MW) GT 204.5 205.0 153.0
IGCC Plant
Efficiency (HHV)(%) 41 439 185

Note) ST: Steam Turbine, GT: Gas Turbine, NG: Natural Gas,
HHV: Higher Heating Value, * : NG combined cycle

SHIIAHMNE M2, M1S, 2009



ZoloiA BHE IR MEplAs BHuNEY

Fol old F719Ae] ddow

=]
=
AHEE F Je-S ouldtt) Table 4 ¢ W]l

FSTE UE F UASS & F Uk
g o]2lgh o= Qe GE/Texaco EHNES] 57
ZWE HlF| thh Wo] AAtE

Frr

Aow Fotd
Figs. 5~8 ¢ 5719974 474 2 HRSG 9 =
Zaxel AnEsdA #EE wpel o], GE/
Texaco EWES] H9 7tx37
AAFsly,  Shell ZWEQ]
GE/Texaco EHEM ul&] 19 4 &
3 thedt SUIAAE B8 SIAAke] Tt
kY & Shell ZHES] 74
A
&

iied
b
>,
[o

1YsIE

CE |
A B3l FEN FYe) Y o

2

(

o A o7}
. 238y Fig. 8¢9 &
fradoll Al B 4 %o, GE/Texaco &
Shell ZHE] H]F HRSG 2 FUHE
=3} 4 @i, © yolrt Shell
© HRSG W9 1% #49F7)-%3
HE&EdoR
71840 299 MAanrt SugEA &

oo O o M = o = o ol o W &
ML N N (w2
[ 2
4
e}

O e S N o N M N oo N o

gk o] =2, Shell EHEY}F GE/Texaco &
[e

GE/Texaco ZWES] 431% o] Hla] & /WA
i 9t = Shell ZHES A
GE/Texaco ZHE H|& F7|AAE F3+

2@l F o oFod 4ol gomz

e e 2 ok

et IGCC ZSUHES FA AA 9 AL 7

o E 4%
Est9tt. 48 GE/Texaco
4 S Hlglo g %7
AE A F71AelEE AAS T Shell

SHIAHNE M2, M1S, 2009

g7zt 34 AREShE IGCC ZFHES A9
7} GE/Texaco ¢ Aol w3 a4l A&
A 9 #Hd &&o] Jhsd vYgd Fr1dA =2
< 7FAY, HRSG W9 dust #Ae] HE &4
o2 Qs F7IEWe &8 GE/Texaco EHE
of "l tha Hi dA IGCC EHE S8

GE/Texaco ZWE] H3) thxr =& o == 9

At

A duyA e 2 e IGCCAH &
of Aol ofef s, ool A=Y

nfH

il

(1) Smith, AR, 1997, “Next Generation Integration
Concepts for Air Separation Units and Gas
Turbines,” ASME J. of Eng. for Gas Turbine &
Power, Vol. 119, pp. 298~304.

(2 A&, 1997, “Merkzst BE3ad 7M.
TR92GJ11.97.26-1, A& AL,

(3) Phase I Study : IGCC Process Evaluation, 1995,
Bechtel Corporation.

(4) ozF, 2008, “AAEANIA/ IGCC Al =7 A 5l
CFD &&” 18th TAESUNG Ansys User's
Conference Proceedings.

(5) ASPEN User’s Manual, 2006, ASPEN Plus Inc.

(6) Lee, C., Lee, S.J. and Yun, Y., 2007, “Effect of
Air Separation Unit Integration on Integrated
Gasification Combined Cycle Performance and
NOx Emission Characteristics,” Korean J. of
Chemical Engineers, Vo.24, No.2, pp. 368~373.

(7) GateCycle User’s Manual, 2003, ENTER Software
Inc.

(8) Brandt, D.E., 1991, “MS7001FA Gas Turbine Design
Evolution and Verification,” General Electric State-
of-the Art Seminar Proceedings.

9) olF, &85, 2000, “FLELF AertaE AL}
= 533 Afe]lE9 A % NOx W& 54
Sharol| 1] 3-8k3] A, A19d Al43%, pp. 295~302.

(10) ©]zk, o]xS, &4, 1999, “Aet7p23g) Hdd



50

0|

& Zk=ENe A J7E FAZAAE, A2

A

1%, pp. 7-14.

xk

(1) o]z, 2007, “IGCC B3P3 A ety 3
4 29y 3 PER7 N FAFIY dTL

Al sz,

SHIIAHMNE M2, M1S, 2009



