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Performance Design Analysis of Hybrid Systems Combining Atmospheric
Pressure Molten Carbonate Fuel Cell and Gas Turbine
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Abstract

Design performance of hybrid power generation systems, comprised of a gas turbine and an atmospheric
pressure molten carbonate fuel cell, has been analyzed. Two different configurations were analyzed and
performances were compared. A reference calculation was performed for the design condition of a system
under development and simulated results agreed well with the published data. Performances were analyzed in
terms of main design parameters including turbine inlet temperature, operating temperature of the fuel cell
and pressure ratio. Also examined were the effects of fuel utilization factor and heat exchanger effectiveness.
It was found that the relationship between the turbine inlet temperature and the fuel cell temperature should be
critically examined to evaluate achievable design performance. Considering current state of the art
technologies, a system with the combustor located before the turbine could achieve higher efficiency and
specific power than the other system with the combustor located after the turbine.
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Table 1 Reference design parameters.
Fuel Methane
GT parameters
Compressor inlet temperature | 15 °C
Turbine inlet temperature 660 °C”
Pressure ratio 2.63
Compressor efficiency 0.85
-Turbine efficiency 0.90
Heat Exchanger Effectiveness
Air side at HRU 0.86
Water side at HRU 0.78
Fuel side at HRU 0.78
Air side at HE 0.89
Fuel Cell parameters
Fuel utilization factor 0.78
Steam/Carbon ratio 2.5
Current density 1600 A/m*’
Performance data
Air flow rate 36.775 kg/s
Fuel/air ratio 0.01553 (kgrkg)
Cell voltage 0.8009 V (0.817 V)"
GT power (AC) 2.865 MW
FC power (AC) 16.502 MW
Total power (AC) 19.367 MW
Specific power 526 kl/kg (518kJ/kg) ™
Efficiency 68 % (66%)""

* data given for analysis
** data from conceptual design of the manufacturer
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B in terms of fuel cell temperature
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