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Abstract: Solid oxide fuel cell/gas turbine hybrid systems that use three gas turbines having different power outputs
were devised and their performance was compared. The power shares of the gas turbine and fuel cell and the net system
efficiency were compared among the three systems, and their variations with the design fuel cell temperature were
investigated. The system efficiency was predicted to be insensitive to the fuel cell temperature in the sub-MW system,
but it increased with increasing fuel cell temperature in both the multi-MW and hundred-MW systems. The influence of
air bypass around the fuel cell on the system performance was also investigated.
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Table 1 SOFC design Parameters

WSOFC = WSOFC,DC “Meonv ~ Waux,SOFc ®)
where Wyopcpc = V~(1&H2 +10g) 2F
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WGT = (WT - WC /ﬂm) : ﬂgcn - I/i/:aux,GT (9)
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Alrketd o, Wk
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Fuel cell temperature [°C] 900
Cell inter temperature [°C] 700
Pressure ratio 1.19
Voltage [V] 0.70

Steam to carbon ratio 3
Utilization factor 0.7
Compressor efficiency [%] 76.0
DC to AC conversion efficiency [%] 95.0
Fuel cell efficiency [%] 52.6

Wer =Wrpp +Wrip +Wrip)  Mgen —Wauxst

2 AES 2Fste] slolBrE AlAEHel &Y
I 285 a3 2ol AArsAt.
Wrer =Wsorc +Wor +Wer (11)
I/I./net
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Table 2 Design specification of three gas turbines

Item Sub-MW GT Multi-MW GT Hundred-MW GT

Compressor inlet flow rate [kg/s] 0.27 17.6 569.0
Pressure ratio 3.5 9.9 19.9
Turbine inlet temperature [°C] 840 1193 1500
Turbine coolant fraction relative to

compressor inlet air [%] ) 93 17.0
Compressor polytropic

: fﬁfiency [50] ytrop 76.0 90.0 90.5
Turbine polytropic efficiency [%] 87.0 80.6 88.6
Pressure losses [%] 0.5~5.0 0.5~5.0 0.5~5.0
Mechanical efficiency [%] 99.0 98.0 99.5
Generator efficiency [%] 98.0 98.0 99.5
Gas turbine power [MW] 0.03 4.6 256.8
Steam turbine power [MW] - - 131.7
Gas turbine efficiency [%] 30.1 38.5 59.1
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Table 3 Performance of three hybrid systems

Sub-MW System Multi-MW System Hundred-MW System
AR [%] 352 - -
Cell voltage [V] 0.729 0.756 0.774
SOFC power [MW] 0.141 15.3 479.5
Specific SOFC power [kJ/kg] 521.5 866.1 842.7
Gas turbine power [MW] 0.0228 4.49 261.4
Steam turbine power [MW] - - 153.4
System power [MW] 0.164 19.8 894.3
Specific system power [kJ/kg] 605.9 1120.8 1571.5
System efficiency [%] 65.7 68.4 73.5

Wsorc = WSOFC I s Wy VVnet /i, (13)
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