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Abstract: The electrification of the waste heat of fuel cell is necessary to enhance the efficiency of fuel
cell system. For this purpose, the SOFC/ST(Solid oxide fuel cell/Steam turbine) hybrid system is suitable.
The purpose of this work is to predict the performance of methane fueled SOFC/ST hybrid power system
and to analyze the influence of operating temperature of stack, current density of stack, combustor outlet
gas temperature, and boiler outlet gas temperature. According to the analysis, it is proved that making the
best use of the waste heat of stack and minimizing the fuel consumption of combustor are essential for the
high-efficiency of SOFC/ST hybrid system.
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Figure 1: Layout of SOFC/ST hybrid system.
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Table 1: Setting Parameters for the lumped analysis CH,+H,0 - 3H,+CO (&) )
Electrical output (kW) 3000
Anode thickness (1um) 200 CO+H,0 »>H,+CO, (Helvts) )
Cathode thickness (1m) 2000
Electrolyte thickness (1m) _ 20 Fo]zl S/C(Steam/Carbon, _’,‘—%7]/%5\_1:]])’ 29}
e o 4 solM FaewAe) $57 ALl 9@ E
Reformer temperature effectiveness (%) 10 @7}-)—\— i*é'\o: ‘Z[“iﬂ'%%ol gg 63 Oﬂ E%@' HH”]'X]
Steam turb%nc ?nlct pressure (kPa) 5000 2 3§ Q = 7}1] oz 7]_2(4) —;5]_0;1 ré] ﬁg ;(é _/,:(K) 9} A ;q,
Steam turbine inlet temperature (K) 773.15 o ~ o I o
Steam turbine outlet pressure (kPa) 10 Troﬂ ];1;(] (G)Q/] J"—]’ﬁ] Ql D}—E’_Q/] ﬁ—@" % ﬁg/i]_q_i—'——]ﬂ
Steam turbine efficiency (%) 80 Al AFsk9d o
Water pump efficiency (%) 85 AG
Air blower adiabatic efficiency (%) 75 K =exp(— TT) (3)
Air blower mechanical efficiency (%) 90
Air blower motor efficiency (%) 95 o] 7] o A R& 71 A Xé_’,:o] o, T= %E(K)o] = ﬁél
P - o
e | YA WS 3 9 axAn A
Fuel feederl motor efficiency (%) 95 '% % 63, Xcq)fll(Kr)s”]' Z(iol ‘ﬂ'% Tg 3.51;@ —/,\__(Kq = E]‘%—V/]'
Fuel feeder2 adiabatic efficiency (%) 70 7‘2.1:]_
Fuel feeder2 mechanical efficiency (%) 90
Fuel feeder2 motor efficiency (%) 95 P( +%> . pn
Recuperator] pressure drop(air side) (%) 2 Kr — H, co (4)
Recuperator2 pressure drop(air side) (%) 2 PC“H", . Pﬁjo
Stack pressure drop(air side) (%) 6
Reformer pressure drop(air side) (%) 4 P” . PCO
Recuperator2 pressure drop(gas side) (%) 2 KS = W (5)
Combustor pressure drop(gas side) (%) 2 Cco H,0
Superheater pressure drop(gas side) (%) 4
Steam generator pressure(gas side) (%) 4 o] 71| Al P& zbzbe] E<Qto|th
Feedwater heater pressure(gas side) (%) 2
Mixer pressure drop(fuel side) (%) 2
Reformer pressure drop(fuel side) (%) 2 32 SOFC
Stack pressure drop(fuel side) (%) 6 32.1 33:] ZAY
Combustor pressure drop(fuel side) (%) 8 A o E—'l_o,] e ) Ol*Fi}El-/\E’,] 2 7]:&]—8}13}
Ambient temperature (K) 298.15 = s T X SR T = U
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Figure 2: Effect of stack operation temperature.
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Figure 3: Effect of cell current density.
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Figure 5: Effect of boiler gas outlet temperature.
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