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Analysis of Solid Oxide Fuel Cell/Oxy-fuel Combustion Power Generation
System Using Oxygen Separation Technology
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Abstract : This study aims to devise and analyze a power generation system combining the solid
oxide fuel cell and oxy-fuel combustion technology. The fuel cell operates at an elevated pressure, a
constituting a SOFC/gas turbine hybrid system. Oxygen is extracted from the high pressure cathode
exit gas using ion transport membrane technology and supplied to the oxy-fuel power system. The
entire system generates much more power than the fuel cell only system due to increased fuel cell
voltage and power addition from oxy—fuel system. More than one third of the power comes out of the
oxy—fuel system. The system efficiency is also higher than that of the fuel cell only system.
Recovering most of the generated carbon dioxide is major advantage of the system.
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Fig. 1 System configuration of the pressurized hybrid system
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Table 1 Design parameters

Fuel Cell
Fuel Cell temperature 900°C
temperature difference 200°C
Ur | SCR 0.7 / 3.0
Cell Voltage 0.7574V
Current density 400mA/cm’”
Gas Turbine
Pressure ratio 8.5
recuperator effectiveness 0.75
Oxy-fuel combustion system
Turbine inlet temperature 600°C
Pump pressure 8.3bar
Condensing pressure 0.08bar
Pinch temperature in condenser 7°C
lon Transfer Membrane
Operating temperature 900°C
Operating Pressure 7.9bar
etc
Fuel LHV 50030k J/kg
Pressure drop 0.5~3.5%
Gas/Steam Turbine efficiency 0.85 / 0.90
Compressor /Pump efficiency 0.83 / 0.75
Inverter/Generator efficiecy 0.93 / 0.93
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W(’Ta( ( WT 77m W(‘)nyfn (3)
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2~BERL A7 REEES 18]S F Al
He] F &9 &2 ofef o o] ALtEM, a4
eggmeagilo s Resgr}
VVtoLal (Wrc + W(,T + VV;T + W;xp)* Vme (7)
Thotal = M (8)
ol (m rctm add) * LHch

CH,

Table 2 Design per formance of oxy-fuel cycle

supply pure 02 using 1M
TIT 600°C 600°C
Fuel mass flow 0.0305kg/s 0.0376kg/s
Circulation water 0.4428kg/s 0.4428kg/s
Excess water 0.0676kg/s 0.0676kg/s
ST power 661.42kW 661.42kW
Expander power - 143. 04kW
Compressor power 141.88kW 295. 36kW
Pump power 5.448kW 5.448kW
Total power 514, 1kW 503.7kW
System efficiency 33.76% 26.7%
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Table 3 Design performance of fuel cell
FCT 900°C

Air mass flow 1.0kg/s

Fuel mass flow 0.0238kg/s

Vol tage 0.6923

COmpr essor power 23.71kW

blower power 5.52kW
Fuel Cell power 636.9kW
System Efficiency 50.87%
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Table 4 Design performance of the hybrid system

Fuel Cell Gas Turbine
Air mass flow 1.0kg/s Turbine power 399.8kW
fuel mass flow 0.03183kg/s COmpressor power 293. 1kW
Fuel Cell power 938.2kW GT power 84.37kW
Aux power 26.75kW Expander
Oxy fuel expander power 116.43kW
Circulation water 0.4428 Overal | System
fuel mass flow 0.02633kg/s Total fuel mass flow 0.05816kg/s
ST power 643.65kW Total power 1624 . 4kW
Aux power 131.50kW System efficiency 55.82%
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