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Waste heat recovery of recirculated MCFC using supercritical carbon
dioxide power cycle
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ABSTRACT : The molten carbonate fuel cell has a high temperature of waste heat and can constitute a
bottoming cycle to increase the efficiency. Previous study used a bottoming cycle as steam turbine cycle. In
this study, we are going to replace the bottoming cycle with a supercritical carbon dioxide power cycle. The
system power was compared to consider replacing the bottoming cycle. As a result, the power of the
supercritical carbon dioxide power cycle at the present development stage is lower than that of the steam
turbine cycle, but theoretically, the power can be larger than the steam turbine cycle. If the supercritical carbon
dioxide power cycle improves the isentropic efficiency of the turbine by 89%, the isentropic efficiency of the
compressor by 83%, and the effectiveness of the recuperator by 0.9, the power can be same to the steam
turbine cycle.
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Table 1 MCFC and ST Design Parameters

Parameters Value
Fuel supply [kg/.s] 0.033
Current density [A/m?] 1393.9
Cell voltage [V] 0.7512
Fuel cell power [kW] 1015.7
Efficiency [%] 62.2
Exhaust gas temperature [C] 5934
Flow rate [kg/s] 0.203
HT inlet temperature [C] 482.2
HT inlet pressure [kPa] 980.7
Pinch temperature difference[C] 10.0
Pump isentropic efficiency 0.80
LT&HT isentropic efficiency 0.64
Bottoming Cycle Power [kW] 133.0
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Table 2 sCO2 Design Parameters

Table 3 Comparison of sCO2 Performance by Cases

Pump Inlet Temperature [C] 2 32 Parameters Case—(A) Case—(B)
Pressure Ratio [~] 3.3 1.8 Working fluid mass flow [kg/s] 1.85 1.85
Recuperator effectiveness [~] 0.95 0.89 Turbine inlet temperature [T] 416.6 4531
Compressor isentropic efficiency [~] 0.88 0.65 Turbine power [KW] 229.2 106.1
Turbine isentropic efficiency [~] 0.92 Compressor power consumption (kW] 72.8 39.36
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