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ABSTRACT

Most current ships have adopted on-board diesel generators to produce electricity, but the overall efficiency
of equipment is down to about 50% due to thermal losses from operations such as exhaust gas, jacket water
cooler, scavenge air cooler, etc. Recently, fuel cells have been highlighted as a promising technology to
reduce the effect on the environment and have a higher efficiency. Therefore, this paper suggested a solid
oxide fuel cell (SOFC)-gas turbine (GT) using waste heat from a SOFC and SOFC-GT-steam turbine (ST)
with Rankine cycle. To compare both configurations, the fuel flow rate, current density, cell voltage, electrical
power, and overall efficiency were evaluated at different operating loads. The overall efficiency of both SOFC
hybrid systems was higher than the conventional system.
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Overall oxidation reaction :

CH, + 0,— CO, +2H,0 (3)
Overall cell reaction :

H,+ %OQ—>H20 + Electricity 4)
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Table 1 Parameters of main components

Parameters Values
Pressure ratio of compressor 8
Air-fuel ratio 7
Efficiency of compressor (%) 80
Effectiveness of HEX (%) 88
Pressure loss of HEX (%) 1
Inlet temperature of SOFC (C) 1,000
Outlet temperature of SOFC (C) 950
Pressure loss of SOFC (%) 2
Pressure loss of combustor (%) 1
Pressure ratio of turbine 7.5
Efficiency of turbine (%) 85
Inlet temperature of GT (C) 900
Pressure loss of turbine (%) 2
FW inlet pressure (bar) 1.013
FW pump pressure (bar) 7
Inlet temperature of FW (C) 60
Pinch point temperature of HRSG (C) 10
Pressure loss of HRSG (%) 2
mghs = mahy +myhy, (6)
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Table 2 Performance of SOFC-GT generator

Parameters Load(%)
25 50 75 100
i (A/m’) 709 | 1,452 | 2,234 | 3,052
V(V) 0.895 | 0.860 | 0.826 | 0.791
Weore (kW/s)| 281 | 554 | 818 | 1,071
Weop (kW) | 171 | 349 | 537 | 734
W,o (kW) | 108 | 221 | 340 | 464
Wpe (kW) | 29 60 93 127

Table 3 Performance of SOFC-GT-ST generator

Parameter Load(%)
arameters 25 50 75| 100
i (A/m’) 681 | 1,393 | 2,138 | 2,919
V (V) 0.896 | 0.863 | 0.830 | 0797
Weore kWis) | 271 533 787 1031
Wy, (kWis) | 164 | 335 | 514 | 702
Wr (KW/s) 17 35 53 72
Woe®Wrs) | 103 | 212 | 325 | 444
Wpe (kW) | 28 58 89 121
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Fig. 3 Overall efficiency for SOFC hybrid systems
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