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Abstract: The performance of fuel cell/gas turbine hybrid systems is highly affected by system configuration.
In this study, the performance of a hybrid system combining a molten carbonate fuel cell (MCFC) and an
indirectly fired gas turbine was predicted. Firstly, general performance trends of the hybrid system depending
on major design parameters were examined. Then, the most feasible design options with the least impact on
the MCFC stack design conditions were drawn. The economic advantage of the hybrid system over the basic
MCFC only system was evaluated.
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Table 1 Design parameters

Parameter \ Data
Fuel Cell
Fuel Cell temperature 600°C
Steam to carbon ratio 2
Cell voltage 0.82v
Current density 94.8mA/cm’
DC to AC conversion efficiency 94%
Fuel utilization 0.69
Pressure drop in heat exchanger 1.5%

Pressure drop in combustor 2%

Gas Turbine

Compressor Efficiency(%)
Turbine Efficiency(%)
Generator Efficiency(%)
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Fig. 3 Variation in turbine inlet temperature with
pressure ratio and HTR effectiveness (LTR
effectiveness = 0.3)
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Fig. 4 Variation in cathode inlet temperature with
pressure ratio and HTR effectiveness fixed
LTR effectiveness (LTR effectiveness = 0.3)
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Fig. 5 Variation in hybrid system efficiency with
pressure ratio and HTR effectiveness fixed
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Table 3 Calculation factors of the economic assessment
Factor MCFC Hybrid
Fuel cell Power output(A)(kW) 2,800 2,878
Gas turbine Power output(B)(kW) - 533
Electric cost(C)(won/kWh) (22,23) (22,23)
Annual maximum operating time(D)(h) 8,640 8,640
Availability(E) 0.9 0.9
Fuel mass flow(F)(kg/s) 0.1143 0.1143
LHV(G)(kJ/kg) 49,300 49,300
Fuel cost(H)(won/MJ) (24) (24)
Fuel cell Installation cost(I)($/kW) 3,500 3,500
Gas turbine installation cost(J)($/kW) - 1,100
Revenue for annual electric sales (Re) (A+B)xCxDxE
Annual operation cost(C;) FxDxGxH
O&M cost(Cy) (AXD)x0.3+5
total annual cost(Cy) C+C,
Initial investment cost(CF) AX[+BxJx1.5
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Table 2 Several design options to satisfy the
original cathode inlet temperature

MCFC Hybrid system
Only |Case 1|Case 2|Case 3
CIT(°C) 600 | 599.7 | 600.2 | 600.2
PR 4.5 4.5 4.5 4.5
LTR effectiveness - 0.3 0.35 04
HTR effectiveness - 074 | 0.82 | 0.89
TIT(°C) - 715 | 786.9 | 861
MCFC Power(kW) | 2800 |2878.0 |2878.0 | 2878.1
GT Power(kW) - 370.5 | 450.5 | 533.1
System Power(kW) | 2800 |3248.5|3328.5|3411.2
System efficiency(%)| 48.7 | 57.6 | 59.0 | 60.4
GT/FC Power Ratio - 0.127 | 0.155 | 0.185
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