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Cycle Analysis of Micro Gas Turbine-Molten Carbonate Fuel Cell Hybrid System
Shinji KIMIJMA and Nobuhide KASAGI

Shibaura I nstitute of Technology, 307 Fukasaku, Saitama-shi, Saitama, 330-8570 Japan

A hybrid system based on amicro gas turbine (WGT) and a high temperature fuel cell, i.e.,
molten carbonate fuel cell (MCFC) or solid oxide fuel cell (SOFC), is expected to achieve amuch
higher efficiency than conventional distributed power generation systems. In this paper, a cycle
analysis method and performance evaluation of auGT-MCFC hybrid system, of which power out-
put is 30kW, are investigated to clarify its feasibility. A general design strategy is obtained that
decreasing fuel input to acombustor and a higher M CFC operating temperature lead to higher power
generation efficiency. A higher recuperator temperature effectiveness and steam-carbon ratio mod-
erate requirements for the material strength of aturbine. It is also confirmed that apGT-MCFC is
much feasible to auGT-SOFC in terms of its moderate heat-resistance of turbine and recuperator
materials. In addition, employing a combustor for complete oxidation of MCFC effuluents without
additional fuel input, i.e., a catalytic combustor, the power generation efficiency of auGTT-MCFC
isachieved to over 60% (LHV).
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Fig. 1 Schematic diagram of uGT-MCFC hybrid system
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Table1l Standard calculation condition

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 Mechanica Efficiency (%) 0
Steam Carbon Ratio (-) 3
Current Density (A/m?) 1500
H, Utilization (%) 80
MCFC Pressure Drop (%) 5
Reformer Pressure Drop (%) 4
Filter Pressure Drop (%) 0.5
Vent Pressure Drop (%) 05
Recuperator Pressure Drop (Air Side) (%) 3
Recuperator Pressure Drop (Exhaust Side) (%) 2
Atmosphere Temperature (°C) 15
Generator Efficiency (%) 98
Inverter Efficiency (%) 93
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Fig. 2 Cell Voltage estimated by Eq. (12) and (16)
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