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Abstract — As a way to evaluate the performance of the IGCC process with fuels from petroleum refineries, heating values of
the raw gas as well as the plant efficiency were simulated by employing the static process simulation technigue. Fuels chosen
were visbreaker residue, butane asphalt and a asphalt from one Korean refinery. In order to verify the simulation technique,
simulated results of a visbreaker residue were compared first with the actual demonstration plant data published from Shell Co.
and then the simulation technique was applied to the cases of other fuels, butane asphalt and a Korean refinery asphalt, At the
gasifier temperature of 1,300 °C, simulation results showed that the heating value of raw gas produced from residual oils was in
the range of 2,750-2,800 kcal/m® with the plant efficiency over 43%. The results exhibit the technical and economical viability
of using heavy residual oils from petroleum refineries as successful fuels in IGCC power plants,
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Fig. 1. Simplified IGCC plant flow diagram nsing heavy residue oil.

Sst2at MarAH MsE 19994 10R

l SULFUR ELEMENT

l SODTEFLY ASH




UL S00MwR 7EA8 Bibibd 24 A 97} 7

Y AArEE] Jziabyd 9 sp2AAggd Sdke e dde
243t F718 0 AAEieE, 397k B2ehdd SAEY A
T AolHE BAET E ddde Bad SUseds gutae
= o] ZRHZ 2= A 7 4= 75 A4ske Hygsed
U2 (HRSG: Heat Recovery Steam Generator) % Z71E¥ o]Z-&
Ao FHENHS swd,

Fig. 19]= A4k 4) (computer simulation)®] AHE3t [GCC ZHE
29 ATEE e s ydde 44 24548 e
2l ASPEN(Advanced System for Process ENgineering) =2 A}
Fa, AR-FgA 2l FARS BAYEE AMRsk] A
83 22 500 MWE IGCC e 288198 w9 452 Shell
Aol wiES AEHE Fe) v mele] AME|Y ZZ o] HAE
T2 A3 F M o)2BE AR WHME 1GCC wEAlY B
& =L

2. 713 SEUTMAL oHi2)

21 JtSEEE 3 AEHNHESE A

A Adse Asfell thel Adde AEsl7] 9151 Shelirle] 4
4 AFARPT 228 visbreaker residue® UMAIOR TALE <=4)
& F 2R AP vma e, o] Ao el34e wiEke
2 butane asphalt®t =] F-FAk2] asphait©]8F FEY Z$ Korean
A asphaityell Ol%F FHs14L et A4 28] Pt A4
4 A= Table 19 et 2Ink 94714 vishreaker residues) butane
asphalee] tlgt Y484 305 Shelrle] 45A8A 9] Ao, 2
YEHA= Korean A asphalt®] 734, Agkexubgon B3l 23
TE 0.01%, B 79.71%, 28 02%, 2ATEE 20.08%80).

HEhE AMERE IGCCEH A0 Z9os Ashl 3% 3¥e &
FEel B o ffa2x)gt duizios oA dkEgos Al
He mdadds] 49 510% AEF Romg ol IHEL AT
&7] fA B8 2rEch B8 8%(1,400-1,500 °Cpll A 7h2a)
71§ 25 fluxg A7HA 38 Lug Who] gdET gl
ok WHe 2A4E A s AN de|i ARl FEe) ek
o] Table 1974 REe] %A ghomz dwimog shadlrle] £ &
=8 HeH 2xd 71ESR) 9o e ASRr e 1250-1,400
°ce] welellad 712l 2 olohs), B Oadals Amag
Hstel W E 5] ShelrolA HIG 1.300°CE 7123)71e] &
H 2Eg 28T 24 =% Shelrt AEY Al@AAE 307
Fe= Aslgois)

2, EhFel TEE FEe duiEo g soos) vl e Ay
2 AArese 97 Stz 3Rl dusivle S9E w8 A
A7ksel ZghElo] e soore] A ES ShellbollA B e Uig
BIAZE 7E287)e =9sE g@8lhd | wi% 457 52 39
o0 soot 3 HIARA] Aol A8¥E HEE A HHe vT o)
23} ghgel] 22958 FRsAe sl mak I6CC SudEe
TR @A olefElsl YEN Tafo] dele] WAoo Fm 9

Table 1. Ultimate analysis of sample residues

Ultimate analysis Visbreaker Butane Korean
(Wi%) residue|2, 5] asphalt[2, 5] A asphalt
Carbon 85.27 84.37 82.86
Hydrogen 10.08 9.67 9.75
Nitrogen 0.30 0.52 0.68
Sulfur 4.00 5.01 6.26
Oxygen 0.20 0.35 0.25
Ash 0.15 0.08 0.20

Table 2. Feeding amounts to the gasifier of 500 MW IGCC plant

Visbreaker Butane Korean
Feed(ton/day) residue asphalt A asphalt
Residual cil 2456 2491 2543
Oxidant(95% 0,) 2493 2484 2456
Steam 859 872 890
RESIDUE S00T & AsH
DECOMPOSITION | Formamon [ UTLITY MxnG "
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00T —  WATER WASH iq— SYNGAS COOLER
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Fig. 2. Model block diagrams of gasifier and raw gas cooling systems in
the ASPEN simulation.
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Table 3. Comparison of raw gas compositions for the visbreaker re-

Table 4. Raw gas characteristics obtained from various feeds

sidue Raw gas Visbreaker Butane Korean
Raw gas composition Demonstration Simulation composition(vol %) . residue asphalt A asphalt
(vel %) plant data(2] data H, 4281 42.19 42.62
H, 45.05 45.11 co 47.32 48.02 47,03
CcO 49.62 49.86 CO, 221 2,13 216
Co, 2.84 233 H,O 5.09 477 498
CH, 0.30 0.50 CH, 048 0.49 048
N, 0.60 0.40 H,S 0.86 1.10 1.39
Ar 0.80 0.86 COos 0.03 0.04 0.05
H,S 0.76 0.91 N, 0.38 0.44 0.48
COs 0.03 .03 Ar 0.82 0.82 0.81
Gasifier temperature(°C) 1300 1300 Gasifier temperature(°C) 1360 1300 1360
HHV (kcal/m?) 2780 2780 2765
W Simulation d4ta 9 Demonsiration plart data Flow rate{ton/day) 5770.7 5826.5 5889.3
.86 4.8

HE11 4606 (Raw gas)

B g

Gas composition {vol %}

Ha 0 Go: CHa NoAr  HiBeCOS
Fig. 3. Comparison of raw gas compositions between simulated and
actual data for visbreaker residue,
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Table 5. Fuel gas characteristics to the gas turbine for different residual

oil cases
Fuel gas . . Butane Korean
composition(vol %) ¥ Soreake residue asphalt A asphalt
H, 45,50 44.80 45.50
co 50.28 50.98 50.21
Co, 2.25 . 2.17 222
H,0 0.19 0.19 0.19
CH, 0.50 0.52 0.51
N, 0.40 047 0.51
Ar 0.88 0.87 0.86
HHV{kcal/m®) 2935 2955 2950
Flow rate(ton/day) 5326.6 53723 5327.2
W Sirulation data Datmarnateation plant duty
& {Clean fuef gas)
2
g 228 2 o0 oy gm e

Hy ele] - 02 Chia
Fig. 6. Comparison of fuel gas composition for visbreaker residue.
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Fig. 7. Comparison of fuel gas heating values obtained from varions
residual oils and coals,

Table 6. Fuel gas characteristies supplied to the gas turbine in the cases
of bituminous and subbituminous coals

Fuel gas Datong  [MinoisNo.6  Roto  Usibelii
compositiop(vol %)
H, 24.54 3137 29.61 27.10
Co 628 6190 62.47 61.86
co, 0.61 1.46 2.79 5.29
H,0 0.22 0.22 0.22 022
CH, 0.19 0.10 0.04 0.02
N, 4.03 3.91 3.77 434
Ar 113 1.04 1.10 1.17
HHV{kcal/m?) 2860 2835 2790 2695

Fig. 6T Z1& visbreaker residue 2180l td A Ao Shell
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IGCCEE9) e Fash NEQ Healgy F9e 28 Alg
el EE7lA $oRL vusie] BYTh Fig 7] Aw Ak we)
DE7RE SR TG A g dsrlas wuF v e
T EOFA QA Table 6o AHME A& AFgA2] Agria 24
o] Yeht olth Fig. 79 2742 2W 2305 A dEstes
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Table 7, Generated steam amounts for residual oil cases

S eneration(ton/day) Visbreaker Butane =~ Korean
Famn generationion/day residue asphait A asphalt
High pressure(101 bar) 11082 11064 11101
Intermediate pressure(35 bar) 930 942 959
Low pressure(2.6 bar} 3492 3572 3673
Table 8. Flue gas characteristics for residual oil cases
Flue gas . . Butane Korean
composition(vol %) Visbreaker residue asphalt A asphalt
CG, 6.52 6.59 6.51
H,0 6.61 6.52 6.61
0, 13.44 13.45 13,44
N, 72.45 7247 7247
Ar 0.98 0.97 0.97
Flow rate(ton/day) 76339.6 763853 76340.1

ST} wWEb SRR ARIbAE e AlEE Algels Asurn
I e hmEY] dEYe O 4 Qo)

7HEERINA EEE W77 kAE HYsendds Aa dEs
HESE, AL TEdeel e A SR gt el 2o
Adehe M2R71E AHeigin), oo uhe A22Al RS Table
7ol FERNSLEL, Table 8o SR Urle AEstAdflue gas)e] =
4R R Jepc.

Usibelli

Rote

Iliineis Bo.6
Hatong

Koresn A asphalt
Butane asphal:

Visbreaker residue

20% 304 40% 508

Fig. 8. Comparison of 500 MW IGCC plant thermal efficiency for dif-
ferent residual oil and coal feeds.

Table 9. Performance evaluations of 500 MW [GCC plant ysing residual oils

IGCC system description

Gasifier Oxygen-blown entrained-bed gasifier
Gas cleanup system Sulfinel/Claus/SCOT process
Gas turbine GE MS7001FA
Steam generation Triple-pressure/rcheating
Overall plant performance Vishreaker residue Butane asphalt Korean A asphalt
Gasification
Heavy-residue-oil feed(ton/day) 2456 249 2543
Oxidant feed(ton/day) 2493 2484 2456
Cold gas efficiency(%) 86.56 86.77 85.77
Energy inputtHHV, MW) 119421 1190.71 1206.82
Combined cycle
Total power output 584.68 583.43 584.68
(Gas turbine power output(MW) 384.00 384.00 384.00
Steam turbine power output(MW) 19942 199.43 200.68
Tnternal power consumption{MW) 69.29 69.05 68.79
Net power production{MW) 514.13 514.38 514.89
Plant efficiency(%) 43.05 43.20 4275

Note: ASU integration is excluded.
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