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Abstract — This paper presents the effect of temperature and sorbent type on the plant thermal efficiency in
case of HGCU (hot gas cleanup) IGCC at simulation models. HGCU IGCC model shows acceptable error
for the given conditions. Plant thermal efficiency of HGCU IGCC is about 2.7% greater than conventional
CGCU (cold gas cleanup-MDEA amine process) IGCC. Sorbent is changed from zine titanate to zinc ferrite,
the plant efficiency is decreased about 0.5% although the other conditions are the same as it. Plant efficien-
¢ies are not in direct proportion to cleanup temperature and doesn’t show a big difference berween S00°C to
650°C, It is because gas turbine output and combustion temperature are restricted within their capacities so
they couldn't compensate profits from hot gas cleanup process. And steam turbine output is reduced with
increase of the cleanup temperamre canse sensible heat recovered from syngas cooler is decreased as the
cleanup temperature is increased.

1. M Eg

B2 AAN) A% 7k A o) Basel Ao

AMylrpasl Bahibd (160K Hehe shaslsly 7}
22 d8F AN A7|E Akl leR 7)E
o Hut A3t 7)ol njsl] FghEo] 31 84 cddle|
AL Aoz okwA 9ot 1GCCH) 7l wAloa] A
gt ol Eaishs Hokst R0 R ol sl B

A AL Heehs AT &L o 40% oAbl A
& Y HA FHL 16CCE oz It Ff A
% SlE HEHe R 45 B2 Al
gEHe] gl 7)eelwh

vF IAGDOEPRIA A¥s 3le Advanced
IGCC ZRAEL ZF B8S 7|202 34 A 717



158 ol 7 « AMul - FAFA

2 2%z A WA= MDEA amine process S~
Sulfinol-M3} & F4] & A4 FHE A4 gut
9l IGCC Al=Hleg B3 FHE-2 40% ol4del 3 3A)
AledM 02 o] fo] rlEal wal AR g4 ERUE
7t £AE g} ¥ wAle A AR A8
IGCC AlA9o2 B8 HEL 45% HEo)u 200047}
A sNabg Ex 2 sl o3 €A 2eAAE Heut A
o3 752] ZWEE= Tampa(10% slip-stream HGCU)}
Pinon Pine(Z-2437) A= f&)o] glor} Aakela] &
A Axel] 2 A5 o f A AR SR R
& 50% o[AheZ z4] T2 AAR ohie} advanced gas
turbine7bx] A48 X202 2010 QLG TR 5]
I olek A WA 7l AgHeE o) e’ VA
R4 9 71EE o84 olFlH 302 advanced system
< AUs) A 7 dEkg s e 7 A o
A AR 7les 17 Fdd i vl A Ve
2 FAAS FIAT 9lew nEEE 4 84 7
g Mo R TEE, He9S Tl 24T
Q.

@A AF3l njel 7o) FEAAAFA L] LR 1GCC
WA v Gke] Adg Aoz 7= £
3] H,S AAE g w3 TAL JAorss 24, &
GEe] 24T g WA dFEE $HE e A
Asla old wal ¥4 7lF 2xrt AAHA. 22y
AR me RAA FAL Al AT A% ARA
o7 g17] wlEel ol <zt 7v] Ea}r} gl vh gl
ouj wiebd ;eAA A ] A4 vEkt o)
#H7} BEHS Ao B 75 IGCC ZUE 4
A& A AL 88k A 9A 2= H99 o
oM D24 FHL Hesle A9 B e EAE
FAsielen] ek T A4dls 2] =4S
AP o2 BUE FEol w[Hi= L HA, 7Y
ahct,

2. E g2

2-1. D2FH IGCC 29 74 A VY =

2-1-1. 34 4

FeAHE HL3 IGCC = & 7Ra3lr] 9 7k
A AL AspenPlusE AHEsld FAERI L 712
Eldl 2 HRSG, $71E8l2 GateCycled |83l T
35}, 712~3}7)= Texaco, oxygen blown, full heat
recoverys WiARS R i}

AspenPlusell X A%l 712317] 3 AT Aol = o}
£ 22 7] HaEc}

@ 2304

oIXZ8 Mg 3T 200058 9

g k¢l MET 7125114, 25 °C, 91 kgfom?
22 o] : MET 7] 25884, 2% °C, 31 kg/em?
@ EE 3  MIXCINC
@ dlelepiz
ASPENCD, AQUEOQUS, INORGANIC, SOLIDS,
PURECOMP

2-1-2. AFY HE

49 23] A4 AEE A3 242 NOVEM
BoME Fug slgen o] HIAME Shell 71237
2 Texaco 7R~g|ol & =23 A& 224 A4 71
53 AR el Aoy AeE s
Ao g & FAL 250°C active carbon, 350°C iron
oxide on silica, 7223 600°C zinc titanate FA ™ 7L
Z 2 2do] FAE Mal A7 AAE wlELE. zinc
fitanate caseZ A2 AHAL FAEstEAR.

NOVEM B 1A% Cycletempos o] 48k Alwlg
FAEE A #1A-S sk Cycletempos Netherl-
ands?] Delft ZciolA st =2 1GCC 2 924
2] #4 2A}L 23 gde|r} Table 19 NOVEMe||A
A4gr vde] 278 Jehiziew Table o= 34
% Austrailian Wambowke] AARE- viehfgic)

A4 724 22 98] 2107 U 600 MW
9 GE 9F 7kaEfdl & #4slgon) rlashld 53
Hi= A8 YAE Wamboshd 71E0 R T HE
sl

Table 1. NOVEM case model conditions.

ks NOVEM
Scale 600 MW
Gas Turbine GE 9F (50 Hz)
Australian
e
48 Wambo
=4 oy T zinc titanate, moving bed
CODE CycleTempo
Table 2. Wambo coal properties.
total moisture (%)
heating value as received 26083
(HHngJ,kg) airdry basis 28938
' dry basis 29979
C 72.6
H 4.77
ultimate analysis (]3 ?gi
basis, wt % -
(dry basis, wt %) S 0.47
ash 11.24
Cl 0.06




Table 3. Reliability test results for HGCU IGCC
model.

Plant performance NOVEM KEPRI
Coal flow, kg/hr 196970 196970
Coal, HHV 6911 6911
GT power, MW 4124 419.8
ST power, MW 3774 3784
Expander power, MW 28.9 26
Gross power, MW 818.7 8242
ASU power, MW 709 70.9
Aux power, MW 28.1 28.1
Net power, MW 719.7 7252
Net efficiency, HHV, % 455 45.8
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Table 4. Datong coal properties,

total moisture (%) 10.6
heating value as received 6281
(HHV, keal/kg) air dry be.ms 6822
dry basis 7026
moisture 29
proximate analysis volatile 28.6
(air dry basis, wt %) carbon 59.2
ash 93
C 73.5
H 4.1
. . O 11.7
ultimate analysis N 0.9
(dry basis, wt %) :
S 1.1
ash 8.7
Cl 350 ppm
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Table 5, CGCU vs HGCU model conditions.

CGCU HGCU
=2y MDEA amine process zinc titanate
g o D

(daslres) 40rC 667°C
Table 6. Plant performance summary.
Plant performance CGCU HGCU
Net efficiency (HHY, %) 423 45.0
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Table 7. Plant performance summary for each sorb-
ent.

Plant performance zinc titanate  zinc ferrite
Coal flow, kg/hr 83803 84906
Coal, HHV 6281 6281
GT power, MW 196.9 196.7
ST power, MW 130.9 131.4
Gross power, MW 327.8 3284
ASU power, MW 42,9 43.3
Aux power, MW 9.2 9.2
Net power, MW 2757 2759
Gross efficiency, HHY, % 53.6 529
Net efficiency, HHY, % 45.0 44.5

Energy Engg. J (2000), Vol. 9(3)



160 o3 - Al - ZFA

Table 8. Comparison of sorbent salient features.

Zinc titanate zine ferrite

No steam addition Steam addition for highly

necessary reducing fuel gas
Sulfate formatien can be  Sulfate formation difficult to
controlled control

Minimal H, loss
Projected mechanical

H, loss can be significant
Mechanically unstable from

stability sulfates
Less zinc loss due to Zinc loss could require
chlorides chloride guard

Higher cost (15~20%) Lower cost
Lower loadings (30~40%) Higher loadings

Fe;0,43H.S+H;— 3FeS+4H,0
ZnO+H,S—ZnS+H,0

Zinc titanate: zinc ferrite®] A& FH3)7] sl
AE FA2 3 Aol wayEe 3Rk W
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Table 9. Clean syngas composition and calory change
for each sorbent.

Syngas composition Raw zinc zinc
(mole fraction) syngas titanate  ferrite
N, 0.009 0.009 0.009
Ar 0.007 0.007 0.007
H,O 0.132 0.108 0.109
CcoO 0.457 0.430 0419
H, 0.290 0.317 0.302
CO, 0.102 0.129 0.143
CH, 309ppm  309ppm 0.011
o 7k (LHV, kCal/kg) - 2278 2249
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Table 10. Plant performance summary for each cle-
anup temperatore.

A L=
350°C 500°C 600°C  630°C
Plant performance

Coal flow, kg/hr 88143 85875 84777 83891
Coal, HHV 6281 6281 6281 6281
GT power, MW 197.0 1969 1969 197

ST power, MW 141.9 1357 131.2 1289
Gross power, MW 3389 3327 3282 3259
ASU power, MW 452 40 435 430
Aux power, MW 9.2 9.2 92 9.2

Net power, MW 284.6 2794 2576 2737

Net efficiency, HHY, % 442 4455 445 44,67
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Fig. 1. G/T output, S/T output vs. cleanup tempera-
ture.
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Fig, 2, Net output, net efficiency vs. cleanup tempera-
ture,
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