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A Study on Full and Part Load Operations of a Biogas-fired
Gas Turbine Combined Heat and Power System
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ABSTRACT

This study analyzed the influence of firing biogas on the performance and operation of a gas turbine combined heat and power
(CHP) system. A reference CHP system designed with natural gas fuel was set up and off-design simulation was made to investigate
the impact of firing biogas in the system. Changes in critical operating parameters such as compressor surge margin and turbine
blade temperature caused by firing biogas were examined, and a couple of operating schemes to mitigate their changes were
simulated. Part load operation of the biogas-fired system was compared with that of natural-gas fired system, and it was found that

as long as the two system produce the same electric power output, they exhibit nearly the same heat recovery.
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Fig. 1 Gas turbine CHP system configuration
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Table 1 BMW class gas turbine design parameters
Parameters Reference” | This study
Pressure ratio 14 14
Number of compressor stages 11 11
Turbine inlet Temperature(C) 1104 1104
Exhaust temperature(C) 480 480.3
Number of turbine stage 3 3
Gas flow rate(kg/s) 2152 21.52
Power(kW) 5119 5113
Thermal efficiency (%) 314 31.36
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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 superheater(kW/m’ - K) | 0.05
Overall heat transfer coefficient in evaporator(kW/m’ + K) 0.0437
Overall heat transfer coefficient in economizer(kW/m'’ - K) |0.0426

Pressure drop in economizer, superheater(%)

Pressure drop at gas side(%) 3
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a) Maximum air flow control(fuel only control)
b) TIT control(fuel + IGV)
¢) TET control(fuel + IGV)

Table 4 Performance for each operating strategy

Fuel Full load operation strategy iﬁeﬁuﬁ% egii?eii;bl(r;) Surgi;or)largm Blade t((églé}))erature Bl(ai:’ /;?te TIT (°C)
Natural gas Full_firing 5113 31.36 18.41 870.0 0 1104
casel (Full-firing) 5457 31.96 15.12 873.7 0 1104
57% CH4 case2 (Under-firing) 5401 31.89 15.38 870.0 0 1099
by Volme case3 (Bleed) 5081 30.40 18.41 871.4 0.62 1104
case4 (Under-firing & Bleed) 5072 3042 18.41 870.0 0.60 1102
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