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Performance Analysis of Hybrid SOFC/GT/ST System

for Marine Power Applications
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Abstract: The electrification of the waste heat of stack is necessary to enhance the efficiency of fuel cell
system. For this purpose, the hybrid SOFC/GT/ST system is suitable. The purpose of this work is to predict
the performance of methane fueled SOFC/GT/ST hybrid power system and to analyze the influence of
operating temperature of stack, current density of stack, and gas turbine pressure ratio. According to the
analysis, it is proved that the SOFC/GT/ST hybrid system suppress the rapid decrease in efficiency and
lead to the significant improvement of efficiency as compared with SOFC system.

Key words: Ship power system, Solid oxide fuel cell, Gas turbine, Steam turbine, Hybrid system, System
performance analysis
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Figure 1: Layout of SOFC/ST hybrid system.
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Table 1: Setting Parameters for the lumped analysis
Electrical output (kW) 3000
Anode thickness (1m) 200
Cathode thickness (1m) 2000
Electrolyte thickness (um) 20
H, utilization ratio (%) 80
Limiting current density (A/m’) 9000
Inverter efficiency (%) 95
Reformer temperature effectiveness (%) 10
Recuperator temperature effectiveness (%) 85
Steam carbon ratio 3
Air compressor adiabatic efficiency (%) 75
Gas turbine adiabatic efficiency (%) 82
Gas turbine mechanical efficiency (%) 93
Generator efficiency (%) 97
Converter efficiency (%) 95
Steam generator outlet temp.(gas side) (k) 473
Steam turbine inlet pressure (kPa) 1500
Steam turbine inlet temperature (K) 573.15
Steam turbine outlet pressure (kPa) 10
Steam turbine efficiency (%) 80
Water pump efficiency (%) 85
Fuel feeder adiabatic efficiency (%) 70
Fuel feeder mechanical efficiency (%) 90
Fuel feeder motor efficiency (%) 95
Recuperator pressure drop(air side) (%) 4
Stack pressure drop(air side) (%) 6
Reformer pressure drop(air side) (%) 4
Combustor pressure drop(gas side) (%) 2
Gas turbine pressure drop (%) 79
Recuperator pressure drop(gas side) (%) 2
Boiler pressure drop(gas side) (%) 3
Mixer pressure drop(fuel side) (%) 2
Reformer pressure drop(fuel side) (%) 2
Stack pressure drop(fuel side) (%) 6
Combustor pressure drop(fuel side) (%) 8
Ambient temperature (K) 298.15
Ambient pressure (kPa) 101
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