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ABSTRACT

This research aims to investigate the power generation from an integrated system of
glycerol supercritical water reforming and pressurized solid oxide fuel cell (SOFC). This integrated
system was designed and simulated by using AspenPlusTM. The equilibrium composition of
synthesis gas obtained from reforming process can be calculated based on the method of Gibbs
free energy minimization. In order to compute the performance of integrated system, a
flowsheet simulator in AspenPLusTM was applied with the electrochemical equations taking into
account all voltage losses (i.e. activation, concentration and ohmic losses). The developed model
was employed to study the effect of operating conditions of the reformer (i.e. temperature,
pressure and supercritical water to glycerol ratio) and the operating conditions of the SOFC (i.e.
temperature, pressure and current density) on the performance of the integrated system in terms
of cell voltage, number of SOFC stack, fuel utilization, SOFC electrical efficiency and system
electrical efficiency. The simulation results indicate that when the desired power generation of
integrated system is set as 10 kW, the optimal operating conditions of the reformer are 800 °C,
200 atm and supercritical water to glycerol ratio of 90. The product stream consists of 67.1mol%
of hydrogen, 28.3mol% of carbon dioxide, 4.4mol% of steam, 0.2mol% of methane and 86 ppm
of carbon monoxide. While, the optimal operating conditions of the SOFC are 900 °C, 4 atm and
current density of 7,000 A/m’. Under these operating conditions, the integrated system can
provide the cell voltage of 1 V, number of SOFC stack of 36, fuel utilization of 75%, SOFC

electrical efficiency of 60% and system electrical efficiency of 68%.
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