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Abstract—As a part of comprehensive IGCC process simulation, the thermal performance analysis was
performed for coal gas firing combined power plant. The combined cycle analyzed consisted of a Texaco
gasifier and a low temperature gas cleanup system for the gasification block and a GE 7FA gas turbine, a
HRSG and steam turbine for the power block. A steady state simulator called ASPEN(Advanced System
for Process Engineering) code was used to simulate IGCC processes. Composed IGCC configuration in-
cluded air integration between ASU and gas turbine and steam integration between gasifier, gas clean up
and steam turbine. The results showed 20% increase in terms of gas turbine power output(MWe) com-
paring with natural gas case based on same heat input. The results were compared with other study results
which Bechtel Canada Inc. performed for Nova Scotia power plant in 1991 and the consistency was iden-
tified within two studies. As a result, the analysing method used in this study is verified as a sound tool
for commercial IGCC process evaluation.
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Fig. 1. IGCC Block Flow Diagram.
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Table 1. Coal Analysis.

Proximate Analysis: (Wt%-As Received)

Moisture 8.90 8.90

Ash 10.75 10.75

Fixed Carbon 47.82 47.82

Volatile Matter 32.53 3253
Ultimate Analysis: (Wt%-As Received)

Carbon 64.21

Hydrogen 441

Oxygen 7.13

Nitrogen 1.28

Sulphur 332

Ash 10.75

Moisture 8.90

Higher Heating Vlaue (kl/kg) 26,782

hardgrove Grindability Index 60

Table 2. Heat & Mass balance of Gasification System.
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COMPONENT Coal Feed Oxygen Feed Fuel Gas to GT N, to GT Flue Gas
kg/h Wt% kgmol/h mol% kgmolh mol% kgmol/h mol% kgmollh mol%
H, 4,214 4.84 2,865 30.97
Cco 3,809 41.16
CO, 1,017 10.99 4,834 7.85
CH, 8.1 0.09
N, 1,219 1.40 60 330 78 084 9329 9729 44810 7275
AR 70 3.70 94 1.02 42 0.44 557 0.92
H.S 0.03 3 ppm
Cos 012 13 ppm
SO, 0.15 0.00
0, 6,817 783 2466  95.00 52 0.55 6,194 10.06
H.0 1,381 14.93 166 1.73 5,201 8.44
S 3,169 3.64
Carbon 61,360 70.48
Ash/Slag/Salt 10,270 11.80
Total 87,070  100.0 2,596 1000 9,253 100.0 9,589 1000 61,600 100.0
H,O(liquid), kg/h 8,506
Total kg/h 95,570 83,380 188,200 1,782,000
Molecular Wt. 3212 20.34 28.93
Temperature, °C 15 111.7 141.4 107.0
Pressure, bar 1 448 26.9 1.0
HHV, MJ/kg 26.78 10.12 1.0
Total, MJ/h 2,560,000 1,904,000
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Fig. 6. Process Simulation Flow Chart.
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Table 3. Simulation Results.
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7 = Simulation Reference
Steam Cycle Results: Steam turbine shaft power (kW) 1.4890e+5 1.4849¢+5
Steam turbine generator losses (2%) (kW) 2978. 2969.81
Steam cycle BOP losses (kW) 0. 0.
Net steam cycle power (kW) 1.4592e+5 1.4552e+5
Steam turbine efficiency LHV (%) 29.5 29.4646
Gas Turbine Results: Gas turbine shaft power (MW) 192.755 192.
Gas turbine generator losses (kW) 0. 0.
Gas turbine Aux and BOP losses (kW) 0. 0.
Net gas turbine power (MW) 192.755 192.
GT simple-cycle efficiency, LHV (%) 39.0 38.8757
Emission Results: HRSG exhaust gas flow rate (kg/hr) 1,799,000 1,782,000
HRSG exhaust gas temperature (°C) 104.7 105
NOx formation (ppmvd, 15%0;) 9.3 25.0
SOx formation (ppmvd, 15%0,) 22 23
Overall Cycle Results: Net cycle power (MW) 338.675 337.5204
Total fuel consumption (Btu/hr) 1.6868e+9 1.6851e+9
Net cycle efficiency, LHV (%) 68.5 68.3403
Net cycle heat rate, LHV (Btw/kWh) 4980.686 4992.659
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Fig. 7. Performance Analysis Curve of HRSG.
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