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Performance evaluation of a steam injected gas turbine
CHP system using biogas as fuel

Do Won Kang’, Soo Young Kang’, Tong Seop Kim™,

Key Words : Gas turbine(7F=E] 2], CHP(E ¥ 2

Kwang Beom Hur™

7)), Biogas(BH}Fo] 27F=2), Steam injection( 57|24, Surge margin( A=/ P}FZ])

ABSTRACT

MW-class gas turbines are suitable for distributed generation systems such as community energy systems(CES). Recently,

biogas is acknowledged as an alternative energy source, and its use in gas turbines is expected to increase. Steam injection is

an effective way to improve performance of gas turbines. This study intended to examine the influence of injecting steam and

using biogas as the fuel on the operation and performance a gas turbine combined heat and power (CHP) system. A commercial

gas turbine of 6 MW class was used for this study. The primary concern of this study is a comparative analysis of system

performance in a wide biogas composition range. In addition, the effect of steam temperature and injected steam rate on gas

turbine and CHP performance was investigated.
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Fig. 1 System configuration
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Table 1 Taurus 65 design parameters!®
component Parameters Reference | This study
Pressure ratio 15.6 15.6
Compressor| Number of stages 13 13
Isentropic efficiency(%) NA 85.28
Fuel flow rate(kg/s) NA 0.3873
Combustor | Lower heating value(k]/kg) NA 49300
Pressure loss(%) NA 3
Turbine inlet Temperature(C) NA 1286
Turbine rotoE inlet 12044 1205
temperature(C)
Turbine Exhaust temperature(C) 550 5485
Number of stage 3 3
Stage efficiency(%) NA 84.66
Gas flow rate(kg/s) 21.09 21.09
Gearbox efficiency(%) NA 98
Perfor- | Generator efficiency (%) NA 98
mance | Power(kW) 6300 6300
Thermal efficiency (%) 32.90 33.13
W
— _ 3
" [‘Xiin - [‘X]out,s T ( )
X=(mh),+(mh) .+ frur(mh),., (4)
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Table 2 HRSG design parameters

Parameters Value
Pinch Temperature (C) 10
Economizer exit Subcooling Temperature(C) 10
Overall heat transfer coefficient in
R 0.05
superheater(kW/m” « K)
Overall heat transfer coefficient in
) 0.0437
evaporator(kW/m- « K)
Overall heat transfer coefficient in
) 5 0.0426
economizer(kW/m® « K)
Pressure drop in economizer, superheater(%)
Pressure drop at gas side(%)
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Fig. 2 Variation in turbine gas flow with injected steam flow
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Fig. 3 Variations in pressure ratio and surge
margin with injected steam flow
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Fig. 4 Variation in gas turbine power with
injected steam flow (10% surge margin limitation)
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Fig. 5 Variations in gas enthalpy drop at turbine with
injected steam flow (10% surge margin limitation)
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Fig. 6 Variation in turbine gas flow with injected
steam flow (10% surge margin limitation)
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Fig. 8 Variations in fuel energy consumption and
steam flow for heating with injected steam flow
(10% surge margin limitation)
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Fig. 9 Variations in gas turbine and CHP efficiencies
with steam temperature (10% surge margin condition)
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Fig. 10 Variations in fuel energy consumption and steam flow for
heating with steam temperature (10% surge margin condition)
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