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ABSTRACT

In the power generation industry, various efforts are needed to cope with tightening regulation on carbon dioxide emission.
Integrated gasification combined cycle (IGCC) is a relatively environmentally friendly power generation method using coal.
Moreover, pre-combustion CO; capture is possible in the IGCC system. Therefore, much effort is being made to develop advanced
IGCC systems. However, removal of CO, prior to the gas turbine may affect the system performance and operation because the
fuel flow, which is supplied to the gas turbine, is reduced in comparison with normal IGCC plants. This study predicts, through
a parametric analysis, system performances of both an IGCC plant using normal syngas and a plant with CO, capture. Performance
characteristics are compared and influence of CO, capture is discussed. By removing CO; from the syngas, the heating value of
the fuel increases, and thus the required fuel flow to the gas turbine is reduced. The resulting reduction in turbine flow lowers

the compressor pressure ratio, which alleviates the compressor surge problem. The performance of the bottoming cycle is not
influenced much.
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Table 1 Composition of syngas

Cormponent General Composition | 100% CO: | without CO»
of Syngas capture capture
H; 25~40 90.23 3b4
CH4 0~5 7.7 0.4
CO 30~40 0.14 43.1
GO, 10~15 0 138
N2 0~3 1.42 19
H0 15~25 047 54
LHV [k]J/kel - 78428 10315

Removed Volume Flow Rate of CO,

CeR= Total Volume Flow Rate of CO, ®

ago) L pANRVIE E3I%E CO. AAXEA T Y
o] Zho = 1he Addigholct o] Aitof ZZo| o] "
& 5ol 9rdaro| A3 FUIsPAA ZhAE Rl Hast ¢
2 §Fo] Zhdls AL ERIT 4= ok ofFH o R FAYTL
2lof| ZA31= HE CO7tF g0l o3l F== drtal 71
&1 Table 12] AE A Hrt, 239 eldA L Hol7| 9
&) Table 1= F8& Farslol™ dubAel FHA47pA0] 24
= gepfich 2448 9] fls) IES R S
AL FaHo] glouz o ZHA AAES g ok, gyt
Aol Ao 71 AT 9o 24 AHgsigith 1 Al
Aol 98] Lh2 242 AWkAQ] 2AJe] o] & gh= A
£ 50l g 4= Qlt) o|F B A tolA COF 2-E A
£ Table 194 100% ZZE AES 71Al= 71458 9o|gict

7hxggle 52598 Fuste] 74 go] ALGEE= GE TFA
& AL, 1 AP Table 20 eIt AR At

1



Table 2 Result of Gas Turbine Modeling

Item Calculation | Reference
Pressure Ratio 16 16
Turbine Inlet Temperature [K} 1589 1599
Turbine Exit Temperature [K] 874 8743
Exhaust Gas Flow Rate (ke/s] 5 M5
HyG mole fraction of Combustion Gas 0.089 -
Turbine Inlet Enthalpy [kJ/kgl 1564 -
Turbine Outlet Enthalpy [kJ/kgl 650 -
GT Net Power [MW] 17 171
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Fig. 4 Performance map of gas turbine compressor
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Table 3 Conditions of steam turbine cycle

Table 4 Comparison of GT performances with and without CCS

High Pressure [kPal 14000 (Integrated Degree=80% / Np Recircufation Ratioc=100%)
o ; - - ,
termediate Pressure [kPal 4000 NG vwfhout with CCS
Low Pressure [kPal 800 CCS
Condenser Pressure [kPal 10 Pressure Ratio 16 [17.06{1607| 1607
High pressure turbine inlet temperature [K] 833 Turbine Inlet Temperature [K1 | 1599|1509 | 1530 | 159
Steam Turbine Isentropic Efficiency (%] 090 Turbine Exit Temperature (K1 | 874 | 853 | 804 | 877
HRSG Gas Side Pressure Loss [%] 22 Exhaust Gas Flow Rate [kg/s] 445 | 478 | 473 438
H:0 mole fraction of Combustion Gas|0.089|0.077(0.066| 0.126
Turbine Inlet Enthal 15641570 | 1370 | 1621
] Hz7]7](Balance of Plant)52 &jn|gict urbine Inlet Bathalpy [kj/kg)
Turbine Outlet Enthalpy [k]/kgl | 650 | 657 | 561 667
. . . . GT Net Power [MW] 171 | 208 | 168 192
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Fig. 5 Variation of pressure ratio with integration
degree for a fixed TIT operation
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