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Abstract: A planar solid oxide fuel cell (PSOFC) is studied in its application in a high-temperature stationary power plant.
Even though PSOFCs with external reformers are designed for application from the distributed power source to the central
power plant, such PSOFCs may sacrifice more system efficiency than internally reformed SOFCs. In this study, modeling of
the PSOFC with an external reformer was developed to analyze the feasibility of thermal energy utilization for the external
reformer. The PSOFC system model includes the stack, reformer, burner, heat exchanger, blower, pump, PID controller, 3-way
valve, reactor, mixer, and steam separator. The model was developed under the Matlab/Simulink environment with Thermolib”
modules. The model was used to study the system performance according to its configuration. Three configurations of the
SOFC system were selected for the comparison of the system performance. The system configuration considered the cathode
recirculation, thermal sources for the external reformer, heat-up of operating gases, and condensate anode off-gas for the
enhancement of the fuel concentration. The sinulation results show that the magnitude of the electric efficiency of the
PSOFC system for Case 2 is 12.13% higher than that for Case 1 (reference case), and the thermal efficiency of the PSOFC
system for Case 3 is 76.12%, which is the highest of all the cases investigated.
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Table 1 Amount of fuel energy to be supplied to
externally reformed SOFC system

Reformer 332
Methane (kW)

Burner 133
Steam (mol/s) Reformer 1.243
SOFC stack (kW) Hydrogen 334
SOFC system (kW) 465
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—&— heat transfer coefficient(Combustor)
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Fig. 2 Prediction of heat transfer coefficient in catalytic
reformer and combustor reactor
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Table 2 Simulation parameters of SOFC system

Parameter | Value
SOFC Stack
SOFC stack size (cells) 2105
Electroactive area (sz) 250
Current density ( Alem’) 0.38
Cell voltage (V) 0.75
Power density (W/cm’) 0.285
SOFC fuel utilization (%) 75
SOFC air utilization (%) 13.1
Operating cell temperature (C) 800
Cathode air temperature rise (C) 160
Reforming
Steam-to-carbon ratio 3
Reforming temperature (C) 800
BOP
Air blower efficiency (%) 70
Pump efficiency (%) 65
Steam separator efficiency(%) 80
Inverter efficiency (%) 95
Fuel
Fuel type CH4
LHV(lower heating value, kl/kg) 50010
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Fig. 3 Case 1 SOFC system: Reference system
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Fig. 4 Case 2 SOFC system: External reformer integrated
with catalytic combustor
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Fig. 5 Case 3 SOFC system: External reformer with
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