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The thermodynamic analysis and optimization of a novel integrated solid oxide
fuel cell system with biomass gasification and heat pipes
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In the present study, a novel integrated system containing biomass gasifier, sodium high-temperature
Received 24 December 2017 heat pipes, and solid oxide fuel cells is introduced. The integrated system is taken into consideration due

Accepted 09 February 2018

‘Avaiiable Onfine 02 March 2018 to its high efficiency and power in order to simultaneous producing electrical power and heat. The

modeling of system is performed using equilibrium constants, mass and energy conservation law and

the analysis of codes is done in EES software. The effect of gasifier STBR, current density, fuel

ggl)?év%;difié fuel cell utilization factor, and outlet fuel cell’s temperature as variable parameters is investigated on the power
Gasifier and total energy efficiency of integrated system using response surface method; after validation of
Biomass modeling in comparison to the experimental results. The analysis of variance results indicate that fuel
Heat pipe utilization factor (with 53% contribution) and current density (with 33% contribution) are the most

R ; thod ] - ; . -
esponse surtace metho effective parameter on the power and total efficiency, respectively. The power of integrated system is

increased by increasing of temperature while power has an increasing behavior follows by decreasing
behavior by increasing fuel utilization factor. The total efficiency is increased by increasing temperature
and STBR while it is decreased by increasing current density and fuel utilization factor. The results
revealed that the power and total efficiency is obtained at optimum states as high as 300 kW and 90%,
respectively.
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Table 4 Design of experiments according to RSM

D c B A Sl
0.95 0.75 8375 6750 1
0.95 0.75 7125 6750 2
1.30 0.80 775.0 1500 3
0.95 0.75 7125 3250 4
1.30 0.70 775.0 5000 5
1.65 0.85 8375 6750 27
1.30 0.80 775.0 5000 28
1.65 0.75 7125 3250 29
1.65 0.85 7125 6750 30
0.95 0.85 8375 6750 31
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Fig. 3 The validation of composition of syngas produced in gasifier
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Table 5 The results of power and total energy efficiency
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241.0 63.45 31
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Table 6 The effectiveness of parameters on the power
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Table 7 The effectiveness of parameters on the total energy efficiency
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Fig. 5 The main effects of considered parameters on the power; a) current density, b) temperature, ¢) Usand d) STBR
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Fig. 6 The main effects of considered parameters on the total energy efficiency (E;); a) current density, b) temperature, c) Usand d) STBR
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