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ABSTRACT: The hybrid system of gas turbine and fuel cell is expected to produce elec-
tricity more efficiently than conventional methods, especially in small power applications such
as distributed generation. The solid oxide fuel cell (SOFC) is currently the most promising
fuel cell for the hybrid system. To realize the conceptual advantages resulting from the hy-
bridization of gas turbine and fuel cell, optimized construction of the whole system must be
the most important. In this study, parametric design analyses for pressurized GT/SOFC sys-
tems have been performed considering probable practical limiting design factors such as tur-
bine inlet temperature, fuel cell operating temperature, temperature rise in the fuel cell and so
on. Analyzed systems include various configurations depending on fuel reforming type and
fuel supply method.
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Fig. 1 GT/SOFC hybrid systems without additional fuel supply to the combustor.
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Fig. 2 GT/SOFC hybrid systems with additional fuel supply to the combustor.
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Reforming : CHs + H.O==3H; + CO (1
Water-gas shift: CO+ H:O=H; + CO: (2)
Total reaction : CHy + 2H:O0=CO2 + 4H: (3)
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Anode : Hz + 0 — H0 + 2~ (4)

Cathode : %og + 2 -0 ®)

Overall : Hs + %Oz — H;0 + Electricity  (6)
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Table 1 Various design cases without additional fuel supply to the combustor (Fig. 1)

Case {Cell voltage TIT FCT Cell inlet air temp. Additional fuel supply
0 fixed fixed (850C) free fixed (7007C) no
1 variable | fixed (850C) free fixed (7007C) no
2 variable free fixed (800°C) | no preheating (air preheater) no
3 variable free fixed (800C) fixed (FCT-100TC) no
4 variable | fixed (8507T) | fixed (800C) free no
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Table 2 Various design cases with additional fuel supply to the combustor (Fig. 2)

Case | Cell voltage TIT FCT Cell inlet air temp. Additional fuel supply
5 variable free fixed (8007C) fixed (FCT-100T) ves
6 variable fixed (850C) free fixed (FCT-100TC) yves
7 variable fixed (850°C) | fixed (8007C) free ves
8" variable fixed (850C) | fixed (8007C) fixed (FCT-100TC) yes

*Air preheater is additionally inserted between the recuperator and the fuel cell.

Table 3 Component parameters =712 dgs TFAEA 274978 AAR
Compressor pressure ratio 35 F1g 29 Al=dse WE sy 2 Adex
Recuperator effectiveness (96) 83 & UETh ol dE T casesol EF F 7}
Turbine efficiency (%) 85 1 Xﬂ@ﬂ)\;%% 22 E AQH Hste Case 8
Compressor efficiency (%) 78 dixe Al 7HA AFLAE(TIT, FCT, 44ET
Generator -efficiency (%) 93 2EA)E BE =gt ol Y39 Fig.2¢]
Fuel utilization factor of the cell® 0.7 THEES AT H ]1\1 Fig. 191 Al AFE-314
Steam carbon ratio” 3 A ErE & ALg3slo stttk Table 3&
Inverter efficiency (%) 93 BE A% Hete AREA AT PFAR T
* (fuel reacted)/(fuel supplied) at the cell 2o g o]t}
" (reforming steam supplied)/(fuel supplied) Fig. 13} Fig. 2 A|292] sIA27E Z2 Table
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(air preheater)& A}&-3tE Fig. 19 Al2gol] of o] Aole,
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LAt HAYTEEE vhojaz ZhaENl FR= additional fuel supplied to combustor (10)

gtEo] 850CR 3t Ao AF2T9 Y&+ total fuel supplied
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Table 4 Comparison of analysis results for systems without additional fuel supply to the combustor

Cell inlet System | Power ecific
Case Retformer ’(I‘gl)‘ I:%rf air temp. FR AR eff?ciency ratio Sp,i)wer
ype (C) (%) | (FC/GT) | (kJ/kg air)
0 Ext. 850 1031 700 0 0 62 6.44 550.9
Int. 850 853 700 0 0 62.4 6.12 567.8
1 Ext. 850 1044 700 0 0 69.64 10.71 860.3
Int. 850 846 700 0 0 64.04 6.80 622.7
9 Ext. 700.1 800 449.9 0 0 60.83 8.24 4479
Int. 943.2 800 617.3 0 0 63.76 5.48 662.3
3 Ext.” - - - - - - - -
Int. 553 800 700 0 0 57 17.08 324.1
. Ext.’ - - - - - -
Int. 850 800 637.1 0 0 62.71 6.23 576.1

* System is impossible to design considering the limiting factors.
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Table 5 Comparison of analysis results for systems with additional fuel supply to the combustor

Cell inlet System | Power Specific

Case Reformer T}T FS:T air temp. FR AR eff?ciency ratio Fl’)ower
Type | (0 (C©) () %) | (FC/GT) | (/kg air)

5 Ext. 1061 800 700 0.635 0 4065 | 094 239.2

Int. 1063 800 700 0.291 0 53.58 2.48 437

5 Ext. 850 652.7 552.7 0.631 0 34.93 0.97 155.5

Int. 850 651.7 551.7 0.324 0 45.91 2.18 256.9

7 Ext. 850 800 553.8 0.228 0 53.29 3.63 362.5

Int. 850 800 5635 0 0.351 62.78 6.131 571.6

8 Ext. 850 800 700 0.557 0 39.3 1.55 190.8

Int. 850 800 700 0.191 0 54.88 3.82 386.9
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