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Abstract —IGCC (Integrated Gasification Combined Cycle) power plant is becoming more attractive
because it allows that various fuels like coal, heavy oil and even residue oil and wood are used in a gas tur-
bine. This paper presents a prediction of performances of gas turbine when low caloric value syngas fuels
produced from the IGCC is used in it originally designed with natral gas fuel. Using a systemic method
which predicts a gas turbine behavior with limited design data, when natural gas, design fuel and four other
types of syngas are used in GE 7FA gas turbine, its performances are predicted on design and off-design

conditions.
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Fig. 1. Compressor map in GateCycle code'.
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Table 1. Design data of GE 7FA gas turbine'®.

Power Exhaust

Model  output Pr:;sil;re temperature ;EICI;
MW) §®)
GET7FA 1723 154 604 1,327

)% . ASME ZAMW71L% 15C, E5 9713h).
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Table 2. Performance data for design conditions.

Table 3. Compositions of syngas.

item unit values Remark

Power output MW 173 Generator output
Efficiency % 36.7 LHV basis
Fuel consumption kg/sec  9.54
Fuel LHV kcal’kg 11,786
Pressure ratio - 15.4
Exhaust temperature  °C 604
Air flow kg/sec  431.2
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Fig. 2. Comparison of gas turbine power outputs.
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Fig. 3. Comparison of gas turbine efficiencies.
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CO 15.7 35.6 47.7 68.5
CO, 12.1 12.6 10.5 0.5
CH, 4.7 0.1 0.1 1.0
H,O 27.8 18.7 8.3 0.5
N, 27.1 1.0 0.5
Ar 07 %0 o7 -

LHV (kCal/kg) 1,218 1,900 2,450 3,350
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Fig. 4. Rate of syngas fuel consumption relative to
that of natural gas
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Fig. 6. Thermal performance of gas turbine with re-
lative to that of natural gas.
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Fig. 7. Pressure ratio of gas turbine with syngas re-
lative to that of natural gas.
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Fig. 9. Power outputs for various ambient tempera-
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Fig. 11. Exhaust flows for various ambient tempera-
ture.
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Fig. 12. Exhaust temperatures for various ambient
temperature.
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A : effective turbine flow area
H : enthalpy

LHV :low heating value
MW :molecular weight

P : absolute pressure

T : absolute temperature
PR  : pressure ratio

R : gas constant

W :mass flow

n : efficiency

Of2H &=t

des :design condition
f : fuel

g : gas

in :inlet stream

inj  :vapor injection
n : natural gas

out :outlet stream

s : isentropic condition or syngas

bl

=t

1. Johnson, Mark Scott: “The effects of gas turbine
characteristics on integrated gasification combined-
cycle power plant performance”, Ph. D. thesis (1990).

2. Palmer, C.A., Erbers, M.R. and Pechel, PA.
“GATECYCLE performance cycle Gas Turbine
Power Plants”, POWER_GEN International (1997).

3. Palmer, C.A.: “Dynamic Simulation of a Solid Fuelled
Gas Turbine System”, Ph. D thesis, 1991, pp. 40.

4. Enter co. “GateCycle user guide” (1996).

5. Cook, C.S., Corman, J.C. and Todd, D.M.: “System
evaluation and LBTU fuel combustion studies for



Aol Pk ARE AR FRLEIG Ay 193

IGCC power generation”, J. of Engineering for Gas
Turbine and Power, 117(4), pp. 673-677 (1995).

. SEAHFAL AR AL I, performance
data section (1999).

. Larson, E.D. and Williams, R.H.: “Biomass-Gasifier
Steam-Injected Gas Turbine Cogeneration”, J of
Engineering for Gas Turbine and Power (1990).

. Todd, D.M.: “Clean Coal and Heavy Oil Technologies”,
GE technical report.

¥ AR A lasiEghiAr et 9

10.

1.

A=pH 1A (1997).

Jaber, J.0., Probert, S.D. and Williams, PT.: “Gaseous
fuels (derived from oil shale) for heavy-duty gas
turbines and combined-cycle power generators”,
Applied Energy 60 1-20 (1998).

Johnson, M.S.: “Prediction of Gas Turbine On-and
Off-Design Performance When Firing Coal-Derived
Syngas”, J. of Engineering for Gas Turbines and
Power Vol. 114, pp. 384 (1992).

Energy Engg. J (2002), Vol. 11(3)



