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Abstract— As a way to evaluate the performance of IGCC (Integrated Gasification Combined
Cycle) processes, heating values of coal gas as well as plant efficiency were compared for dif-
* ferent rank coals and coal feeding methods by employing the static process simulation technique.
Performance of the process was compared with coal rank that was varied by three assorted bi-
tuminous coals and also by three subbituminous coals, in addition to the two types of feeding
techniques, i.e., dry-feeding and slurry-feeding, that are utilized in entrained-bed coal gasifiers.
For the verification of the simulation technique, simulated results were compared first with the
actual pilot plant data published from Shell and Texaco. The simulation technique was, then, ap-
plied to other coals. Result from tests varying coal rank exhibits the trend of improving both
heating content of the product gas and plant efficiency with increasing carbon content in coal.
The effect of coal rank is more sensitive in slurry-feeding cases compared to the dry-feeding
cases. In particular, considering notably lower values in gas heating value and plant efficiency
calculated in the slurry-feeding case that uses a subbituminous coal, limited utilization of the slur-
ry-feeding method for subbituminous coals can be expected. From the plant efficiency point of
view, dry-feeding method resulted in higher simulated efficiency values by maximum 3% for sub-
bituminous coals and ca. 1% for bituminous coals.
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Fig. 1. Simplified IGCC plant flow diagram.
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Table 1. Analysis of Sample Coals.
A g fradgt ol v
BB Illinois No. 6  Datong Drayton Usibelli ~ Buckskin Roto
Proximate Analysis (as-received, wt%)
Moisture 12.00 11.44 9.57 24.03 25.00 18.00
Fixed Carbon 44.02 53.81 4747 29.25 33.95 40.54
Volatile 35.18 25.93 32.57 37.42 34.19 39.60
Ash 8.80 8.82 10.39 8.60 6.86 1.86
Ultimate Analysis (dry basis, wt%)
Carbon 69.57 71.83 73.00 62.70 67.32 72.81
Hydrogen 531 3.87 4.85 4.83 478 5.77
Nitrogen 1.26 0.87 1.54 0.72 1.17 0.98
Sulfur 3.87 122 1.11 0.45 1.24 0.19
Oxygen 9.99 12.25 8.01 19.98 16.35 17.98
Ash 10.00 9.96 11.49 11.32 9.14 2.27
#o%¥2) Datong®, o}l Y2a] Rotodt @ Usibellistell i 34 wlmE 943tel, 2 £FAE 44 249
g 34 A4S A3 Zd*& BAbel) ARG frd A% 7tad] 29 EF 1360~1380°CR A s
@ 9 ol gRel WE TURA L QY AFrE 2, A4 TP ASE shasble 2w5) 1420-
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Table 2. Feeding Amounts for the Case of Bituminous Coals.
53 3 Illinois No. 6 Datong Drayton
P A4 &4 A4 &4 Ay &4
Coal (as received) 22.93 23.59 23.84 25.01 2171 22.05
Oxidant (95% O) 16.87 18.99 17.91 20.79 17.61 19.07
Feed
(kg/s) St.eam 0.97 - - - - -
Nitrogen 1.56 - 1.63 - 1.52 -
Water for Slurry - 7.60 - 8.30 - 7.93
*Slurry Concentration: 66.5%.
Table 3. Feeding Amounts for the Case of Subbituminous Coals.
€} Z Usibelli Buckskin Roto
AREF A4 &4 A4 &4 A4 &4
Coal (as received) 32.87 36.63 29.90 3223 24.47 25.53
Oxidant (95% O,) 19.81 28.86 18.52 25.69 18.08 23.73
Feed
(ke/s) Steam - - - - - -
itrogen 1.9 - . - . -
Nitrog 3 173 1.55
Water for Slurry - 15.87 - 13.38 - 13.97
*Slurry Concentration: 53%.
ARES AL 5 Ye ACE Bustz oot Y% gohd HYo R had] FES AR, HWrks
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S o B4 01022 2718 Fodslel B2 MBE AW ABsl] A2 2HE AR A

< gAFEl loP. B A= AExiaele] u|aE

3 AZAE oA A 8-H ZV|3F 249 2L 20
2 AAL A2 ¢35yt Shellxlo] pilot plant 7}
sprlel] AREE F7] FFBP File] ]l I-
linois No. 69 ts)A+= Z7]/ALsA] B]8-& 0.052 T
F3}9i 2, Draytongr3} Bucksking ¥ }mi=] Ehoj)
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Fig. 2. Gasifier model diagram in the ASPEN simu-
lation.
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Fig. 3. Comparison of product gas compositions be-
tween simulated and actual data in dry feeding gasifier.

Table 4. Comparison of Product Gas Compositions from the Illinois No. 6 Bituminous Coal.

ARE 2 £ A
+ n AL A= Shell 7}43}7] A} Az Texaco 7}23}7]
H, 30.34 30.02 28.86 30.29
co 59.86 60.15 41.72 39.61
Co, 1.42 1.61 8.95 10.78
H:0 221 1.99 17.74 16.46
Al Al R 2
g Evf, F;/,;T CH, 0.10 0.06 0.03 0.08
° H.S + COS 1.28 1.30 1.06 1.04
NH; + HCN trace 0.17 trace 0.10
N, 3.78 3.56 0.74 0.73
Argon 1.01 1.14 0.90 0.91
Fhastr] LECC) 1,424 1,427 1,372 1,371
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Table 5. Product Gas Composition from Bituminous Coals.

ek Z Illinois No. 6 Datong Drayton
AR A4 &4 AN 4 A4 %4
H, 30.34 28.86 24.32 25.15 28.30 28.71
CO 59.86 41.72 68.67 43.97 65.55 44.04
CO, 1.42 8.95 0.61 10.94 0.17 8.79
AAAANAA R HO 2.21 17.74 0.66 1792 0.26 16.35
(vol %) CH, 0.10 0.03 0.19 0.02 0.23 0.03
H,S + COS 1.28 1.06 0.44 0.35 0.38 0.30
N, 378 0.74 3.99 0.65 4.01 0.83
Argon 1.01 0.90 1.12 0.98 1.10 0.95
utod gk(kcal/m’, HHV) 2,740 2,140 2,835 2,095 2,865 2,210

Table 6. Product Gas Composition from Subbituminous Coals.

et = Usibelli Buckskin Roto
ARTFRY A4 &4 A4 4 A4 F4
H, 25.13 18.80 26.26 20.65 28.39 2243
Cco 57.37 23.91 61.30 26.89 59.88 28.54
CO, 5.20 17.05 2.95 15.79 2.83 14.55
AAANARE HO 7.01 38.66 3.89 34.79 4.14 32.93
(vol %) CH, 0.02 trace 0.04 trace 0.04 0.01
H.S + COS 0.17 0.11 0.44 0.30 0.06 0.04
N, 4.02 0.54 4.05 0.66 340 0.59
Argon 1.08 0.93 1.07 0.92 1.06 0.91
wted 2k (kcal/m’, HHV) 2,500 1,295 2,655 1,440 2,675 1,545
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Fig. 5. Changes of product gas heating values with
carbon content of coal.
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Fig. 6. Effect of steam addition in heating values of
product gas with carbon content of coal.
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Fig. 7. Effect of steam addition in the product gas
composition.
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Table 7. Inlet Fuel Gas Composition to Gas Turbine for Bituminous Coals.

= S Illinois No. 6 Datong Drayton
Aekg-gukal A Al & A A Y & A A A & 4
H, 31.37 3572 24.54 30.99 28.41 34.62
Cco 61.90 51.65 69.28 54.20 65.81 53.12
co 1.46 10.41 0.61 12.62 0.19 9.94
J B 2
4w F;;;T H0 0.22 0.15 0.22 0.15 0.22 0.14
(vol % CH, 0.10 0.04 0.19 0.03 0.23 0.04
N, 3.91 0.92 4.03 0.80 4.03 1.00
Argon 1.04 1.11 1.13 121 1.11 1.14
whed ak(kcal/m’, HHV) 2,835 2,650 2,860 2,585 2,875 2,665
AF7b~ FraF(kg/sec) 36.90 39.00 39.11 43.01 37.17 39.17
Table 8. Inlet Fuel Gas Composition to Gas Turbine for Subbituminous Coals.
&t =S Usibelli Buckskin Roto
Mgyt 72 A F 4 A A % 4 a4 &+ A
H, 27.10 31.36 27.42 32.36 29.61 33.96
Cco 61.86 39.87 64.03 42.15 62.47 43.22
Cco 5.29 26.15 2.93 22.84 2.79 20.38
Jy 2
‘ﬂfvjo F,;;T H,0 0.22 0.16 0.22 0.16 0.22 0.15
o CH, 0.02 trace 0.04 0.01 0.04 0.01
N, 434 0.91 4.23 1.04 3.77 0.89
Argon 1.17 1.55 1.13 1.44 1.10 139
ulod 2k (keal/m®, HHV) 2,695 2,160 2,775 2,260 2,790 2,340
AB7t~A FeF(kg/sec) 42.14 51.15 39.96 47.13 38.68 4378
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Fig. 8. Changes in heating values of fuel gas entering
the gas turbine with carbon content of coal.
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Fig. 9. Comparison of inlet fuel gas composition us-
ing Illinois No. 6 bituminous coal.

Table 9. Flue Gas Composition of Bituminous Coals.
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= Z Illinois No. 6 Datong Drayton
g3 24 &4 44 4 A4 & A
CO. 7.33 7.80 7.94 8.56 7.51 7.88
H,O 4.55 5.38 3.73 4.86 4.18 5.22
AT AR 0O, 14.09 13.81 14.17 13.79 14.14 13.83
(vol %) 2 73.04 72.01 73.16 71.78 73.17 72.06
Argon 0.99 1.00 1.00 1.01 1.00 1.01
SO,* 2431 ppm  22.27 ppm 9.29 ppm 7.97 ppm 7.35 ppm 6.30 ppm
NO* 17.41 ppm 13.93 ppm 16.64 ppm 12.40 ppm 17.49 ppm 13.88 ppm
AETtA FEk(ke/sec) 467.81 447.23 470.02 451.24 468.09 447.40
*Q, 15% 7)%.
Table 10. Flue Gas Composition of Subbituminous Coals.
& = Usibelli Buckskin Roto
Mg A4 &4 A4 4 AAd 4
Co, 8.10 10.04 7.86 9.49 7.63 9.00
HO 418 5.65 413 5.61 438 5.68
AR AR 0, 14.01 13.32 14.08 13.43 14.07 13.51
ol %) N, 72.70 69.92 72.93 70.42 72.92 70.77
Argon 1.01 1.07 1.00 1.05 1.00 1.04
SO.* 3.65 ppm 3.33 ppm 9.19 ppm 8.25 ppm 1.21 ppm 1.10 ppm
NO* 14.98 ppm 7.61 ppm 16.06 ppm 8.82 ppm 16.46 ppm 9.76 ppm
AEr}A f-3H(kg/sec) 473.05 414.03 470.88 410.01 469.59 406.46

*0, 15% 71%.
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Table 11. Generated Steam Amounts of Bituminous Coals

&t Z Illinois No. 6 Datong Drayton
AR I T I - - -
a4k £7) AAabek(kg/sec)
~HRSG 45.84 41.26 46.55 41.80 45.26 41.75
~7}23} 3A 17.58 26.79 16.56 27.58 18.66 25.61
3t 271 AAlak(kg/sec) 4.96 5.65 3.85 5.16 297 5.13
2ot Z7] AAek(kg/sec) 29.97 20.84 28.50 19.50 28.68 19.25
Table 12. Generated Steam Amounts of Subbituminous Coals.
ek s Usibelli Buckskin Roto
A A4 4 A4 &4 A4 F 4
sk F7] Ak (kg/sec)
-HRSG 41.45 35.87 42.87 36.25 43.72 36.34
k23 A 20.23 44.93 18.40 39.38 18.27 36.16
3 7] AArEF(kg/sec) 11.64 4.93 10.98 4.80 6.51 478
gt Z7] WAek(kg/sec) 26.71 17.57 27.12 17.88 27.39 17.06
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Fig. 10. Changes of plant efficiency with carbon con-
tent of coal.
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Table 13. Evaluations of Oxygen-blown Entrained-bed IGCC Plant for Bituminous Coals.

IGCC System Description

7k237] e AETEY EFF ks
7tAA FFA Sulfinol/Claus/Scot %)
7hAeid 2d GE-MS7001FA
2"EN 2d Triple-Pressure/Reheating
ojA}er Illinois No. 6 Datong Drayton
qEayd A4 4 A4 &4 A4 F4
Overall Plant Performance
- Coal Energy Input (HHV, MW) 599.71 617.18 586.34 615.16 595.66 605.00
— Gas Turbine Power (MW) 184.37 177.90 183.48 178.26 183.66 177.52
~ Steam Turbine Power (MW) 101.56 108.54 99.36 109.19 100.47 106.21
— Auxiliary Power Needs (MW) 30.93 30.99 30.60 31.10 30.74 30.70
- Net Power Output (MW) 255.00 255.45 252.24 256.35 253.39 253.03
- Plant Efficiency (%) 4252 41.39 43.02 41.67 42.54 41.82
(&) ASU integration #)2].
Table 14. Evaluations of Oxygen-blown Entrained-bed IGCC Plant for Subbituminous Coals
IGCC System Description
7pety) W) AFFY $RE 7kl
7Y~ A 52A Sulfinol/Claus/Scot %)
7h~E¥l v GE-MS7001FA
2HER 2y Triple-Pressure/Reheating
o Abet Usibelli Buckskin Roto
AHFFYH A4 24 A4 &4 24 F4
Overall Plant Performance
- Coal Energy Input (MW) 614.39 684.56 601.67 648.57 596.16 621.95
— Gas Turbine Power (MW) 186.00 165.21 184.88 164.34 184.71 162.71
—Steam Turbine Power (MW) 97.70 125.08 97.06 117.82 97.74 112.69
— Auxiliary Power Needs (MW) 30.69 3141 30.50 30.53 30.56 29.80
Net Power Output (MW) 253.01 258.88 251.44 251.63 251.89 245.60
Plant Efficiency (%) 41.18 37.94 41.79 38.80 42.25 39.49

(&*) ASU integration #2].
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Fig. 11. Effect of steam addition in IGCC plant ef-
ficiency with carbon content of coal.
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