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Simulation and Exergy Analysis of Solid Oxide Fuel Cell-Micro Gas Turbine
Hybrid System Utilizing Biosyngas
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ABSTRACT

In pursuing of green power energy generation, fuel cell energy generation systems are one of the most
promising applications for biomass utilization. In particular, the capability of utilizing a wide spectrum of fuels
(natural gas, coal gas, landfill gas and biosyngas), makes high temperature solid oxide fuel cells (SOFC) the
most suitable candidate for utilizing biomass as energy source. This paper presents a mathematical model
developed in order to simulate 300kW-class biosyngas based SOFC-MGT (micro gas turbine) hybrid system.
This study consists of two parts. The first part focuses on the development of one-dimensional simulation model
for the co-flow and counter-flow types of direct internal reforming planar SOFC. In the second part, the
developed one-dimensional model is applied to a SOFC-MGT hybrid system fuelled by biosyngas. Energy and
exergy analysis of SOFC-MGT hybrid system are performed based on three typical biosyngas compositions: air-,
oxygen- and steam-blown gasification processes.
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Fig.2 SOFC-MGT Hybrid System
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Table 1 Inlet Molar Fraction of Biosyngas and Air

Species Fuel (Steam-blown)  Air
CH,4 0.10 0
CO 0.25 0
CO, 0.20 0
H, 0.40 0
0, 0 0.21
N, 0.05 0.79

LHV (kT/kg) 12624

Table 2 Inlet Condition of SOFC

Fuel inlet pressure 5 bar
Air inlet pressure 5 bar
Fuel inlet temperature 1073 K
Air inlet temperature 1073 K
Fuel utilization rate 0.8
S/IC 2.5
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Fig.3 Temperature distributions in SOFC
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Table3 Operating Parameter for SOFC-MGT Hybrid System
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Fig. 4 Current Density distribution in SOFC
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Fig. 5 Comparison of energetic, exergetic and rational

efficiencies vs current density in SOFC
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Electrical output (kW) 300-350
Biosyngas pressure available(bar) 3
Air inlet temperature (K) 298
Steam carbon ratio (-) 2.-2.5
Anode gas recycle ratio (-) 0.7-0.9
Turbine inlet temperature (K) 1273-1473
Fuel pre-heater temperature effectiveness (%) 10~30
Recuperator temperature effectiveness (%) 75
Compressor adiabatic efficiency (%) 75
Turbine adiabatic efficiency (%) 80
Turbine mechanical efficiency (%) 90
Fuel feeder adiabatic efficiency (%) 75
Fuel pump adiabatic efficiency (%) 75
SOFC pressure drop (Air side) (%) 2
SOFC pressure drop (Fuel side) (%) 2
Recuperator pressure drop (Air side) (%) 4
Recuperator pressure drop (Gas side) (%) 2
Combustor pressure drop (Air side) (%) 2
Mixer pressure drop (%) 2
Separator pressure drop (%) 2
Inverter efficiency (%) 95
Generator efficiency (%) 95
Table 4 BioSyngas Compositions
Composition B1 B2 B3
(mole frac.) (Steam-blown)  (Oxygen-blown)  (Air-blown)
CH, 10 10 5
H, 40 40 20
CO 25 10 20
CO, 20 35 5
N, S 5 50
LHV [kI/kg] 12624 9329 2200
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=
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Fig.6 Power Output by SOFC ang MGT
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Fig 7 Local Exergy Destruction Rates
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Fig. 8 System efficiencies
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