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Analysis of Changes in Operating Conditions and Efficiency of a
Hydrogen Co—fired Gas Turbine Combined Cycle Producing the
Same Rated Power

Ho Seong Park®, Ji Hun Jeong®, Tong Seop Kim®*f
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Variable inlet guide vane(7FH &/ 7+HHZ)

ABSTRACT

Three operation scenarios of a 20MW class hydrogen co-fired gas turbine combined cycle (GTCC) plant were comparatively
analyzed. The basis of comparison is that the plant produces the same rated power as it would operate with natural gas. The
fuel flow rate and the variable inlet guide vanes (VIGV) angle of the compressor inlet were used as manipulating variables
to simulate the power plant operation environment. The control variable was either turbine inlet temperature (TIT) or turbine
exhaust temperature (TET), depending on specific operation scenario. Each operation scenario was applied to the GTCC to
analyze changes in plant operation conditions and efficiency according to the hydrogen co-firing ratio. In the case when only
the fuel flow rate was manipulated, the GTCC efficiency increased by 0.049%p based on hydrogen burning, and in the case
of the operation scenario to keep the TET constant, the GTCC efficiency increased by 0.258%p. In the case of the operation
scenario to keep the TIT constant, the GTCC efficiency increased by 0.288%p. These results are expected to be used in further
studies to analyze changes in GTCC performance due to hydrogen co-firing under a very wide variation in operation

conditions.

Nomenclature P pressure [bar]

PR pressure ratio [—]
A area [m?] R gas constant [kJ/kg * K]
€ effectiveness T temperature [K]
h enthalpy [kJ/kg] U overall heat transfer coefficient [W/m? + C]
LHV lower heating value [kJ/kg] w power [MW]
m mass flow rate [kg/s] v specific heat ratio [—]
MW molecular weight [kg/kmol] n efficiency [%]
NTU number of transfer unit v specific volume [m®/kg]
N rotational speed [RPM]
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Subscripts

¢ cold

comp compressor

d design

gen generator

GT gas turbine

GTCC gas turbine combined cycle
h hot

H, hydrogen

in inside

mech mechanical

NG natural gas

out outside

S isentropic process
ST steam turbine
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Table 1 GT design specification

Parameters Ref!'” Value
Air flow rate [kg/s] N/A | 49.1 Calculated
Compressor pressure ratio 17.1 | 17.1 Input

Compressor isentropic efficiency [%] | N/A | 89 | Assumed input

Fuel type NG | NG Input
Fuel flow rate [kg/s] N/A | 0.86 Calculated
Combustor pressure loss [%] N/A | 55 | Assumed input
Turbine inlet temperature [C] 1,214 | 1,214 Input
Turbine exhaust temperature [C] 495 | 495 Input

Turbine isentropic efficiency [%] N/A 9132 | Calculated

Exhaust gas flow rate [kg/s] 49.96 | 49.96 Input

Net power [MW] 150 | 150 Calculated

Net efficiency [%] 352 | 352 Calculated

Table 2 GTCC design specification

Parameters Value
Pressure [bar] 0.04
Condenser
Steam flow rate [kg/s] 5.49
Inlet pressure [bar] 41.5
Steam turbine Inlet temperature [C] 456.6
Isentropic efficiency [%] 90
Pump Isentropic efficiency [%] 90
Pinch point temperature [C 10
— P P °[ ]
Exhaust temperature [C] 171
GT power [MW] 14.92
ST power [MW] 5.88
Performance
GTCC power [MW] 20.8
GTCC efficiency [%] 48.8
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Table 3 Operation scenarios in NG based rated GTCC power

Case 1 Fuel only control(VIGV fully open)
VIGV and fuel control(TET fixed)

VIGV and fuel control(TIT fixed)
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