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Cycle Analysis of Micro Gas Turbine - Solid Oxide Fuel Cell Hybrid System

Hideyuki UECHI, Shinji KIMIJIMA and Nobuhide KASAGI
The University of Tokyo, Department of Mechanical Engineering,
Hongo 7-3-1, Bunkyo-ku, Tokyo, 113-8656 Japan

Small distributed generation systems are currently attracting much attention because of their
high energy utilization efficiency. Among them, a hybrid system based on micro gas turbine
(LGT) and solid oxide fuel cell (SOFC) is expected to achieve a much higher efficiency than
traditional uGT. In this paper, we investigate the effects of cycle design parameters on the perfor-
mance and feasibility of a uGT-SOFC hybrid system for small apartments and businesses. As a
result, a general design strategy is found that less direct fuel input to combustor as well as higher
recuperator efficiency lead to higher generation efficiency, while higher steam-carbon ratio mod-
erates requirements for the material strength. It is also confirmed that the hybrid system is much
superior to the recuperated gas turbine in terms of its power efficiency and aptitude for small
distributed generation. The conceptual design of a 30kW pGT-SOFC hybrid system, of which
diameter and height are 750mm and 1500mm, respectively, is shown to give a power efficiency

over 65% (LHV) in the best possible case.

Key words :  Gas Turbine, Fuel Cell, Thermal Efficiency, Exergy, Energy Saving,

Hybrid System, Cycle Analysis
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Generation Efficiency:66.5%

Fig. 1 pGT-SOFC hybrid system

Table 1 Cycle analysis conditions

Cell Temperature (°C) 1000
Turbine Inlet Temperature (°C) Variable
Pressure Ratio (-) 5.0
Total Output (kW) 30
Recuperator Temperature Effectiveness (%) 85
Compressor Adiabatic Efficiency (%) 73
Turbine Adiabatic Efficiency (%) 80
GT Mechanical Efficiency (%) 95
Blower Adiabatic Efficiency (%) 70
Blower Mechanical Efficiency (%) 90
Gas Compressor Adiabatic Efficiency (%) 60
Gas Compressor Mechanical Efficiency (%) 90
Steam Carbon Ratio (-) 3
Current Density (A/m?) 3000
H, Utilization Ratio (%) 80

Cathode Thickness (mm) 2

Anode Thickness (mm) 0.1
Electrolyte Thickness (mm) 0.02
SOFC Pressure Drop (%) 5
Reformer Pressure Drop (%) 4
Filter Pressure Drop (%) 0.5
Vent Pressure Drop (%) 0.5
Recuperator Pressure Drop (Air Side) (%) 3
Recuperator Pressure Drop (Exhaust Side) (%) 2
Atmospheric Temperature (°C) 15
Generator Efficiency (%) 98
Inverter Efficiency (%) 93
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Table 2 Composition of anode inlet gas
(T, =1000°C, #=4.0, SC=4.0)

Mole Fraction %

CcO

Pressure
kPa

Temp.
°C

N2 02 Ar | CO2 H2 | H20 | CH4

943.5| 460.3 | 0.00 | 0.00 [ 0.00 | 14.36| 18.97 32.21| 34.45| 0.01
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Fig. 3 Breakdown of exergy consumption

Table 3 Effect of power output size on fuel consumption
Recuperated GT
30 300
5.0 6.0
75 79
85 87
97 98

Hybrid System
30 300
5.0

Total Output (kW)

Pressure Ratio (-)

73
80
95

76
86
97

Compressor Adiabatic Efficiency (%)
Turbine Adiabatic Efficiency (%)
GT Mechanical Efficiency (%)

Turbine Inlet Temperature (°C) 1250

Fuel Consumption for 1kW Output
(kW)

2.65 242 1.54 1.47

Table 4 Effect of intake air temperature on fuel consumption
Recuperated GT | Hybrid System
30

Total Output (kW)

Compressor Inlet Temperature (°C)

15 | 30
5.0
75
85
97

15 | 30
5.0
73
80
95

Pressure Ratio (-)

Compressor Adiabatic Efficiency (%)
Turbine Adiabatic Efficiency (%)
GT Mechanical Efficiency (%)

Turbine Inlet Temperature (°C)

1250

Fuel Consumption for 1kW Output

(kW) 2.77
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Fig. 11 Heat input at various S/C ratio
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Fig. 18 Conceptual design of a 30kW micro gas turbine
and SOFC hybrid system
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