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Optimization of Operating Conditions for a 10 kW SOFC System
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Abstract >> In this study, a solid oxide fuel cell (SOFC) system model including balance of plant (BOP) for
building electric power generation is developed to study the effect of operating conditions on the system efficiency
and power output. SOFC system modeled in this study consists of three heat-exchangers, an external reformer,
burner, and two blowers. A detailed computational cell model including internal reforming reaction is developed
for a planer SOFC stack which is operated at intermediate temperature (IT). The BOP models including an external
reformer, heat-exchangers, a burner, blowers, pipes are developed to predict the gas temperature, pressure drops
and flow rate at every component in the system. The SOFC stack model and BOP models are integrate to estimate
the effect of operating parameters on the performance of the system. In this study, the design of experiment (DOE)
is used to compare the effects of fuel flow rate, air flow rate, air temperature, current density, and recycle ratio
of anode off gas on the system efficiency and power output.

Key words : Solid oxide fuel cell(SOFC, A AtsHE A & A X)), Fuel cell system( & X] A|2Hl), Numerical
model(5=*] 3|4 &d), Optimization(Z]Z3}), Design of experiment( & A & H)

Nomenclature hi  : reaction heat [J/mol]
J - current density [A/m’]
A : surface area [mz] Joi : exchange current density [A/mz]
¢, : specific heat [J/Kg K] k - reaction constant [mol/(m’+s)]
E open circuit voltage [V] m : mass flow [kg/s]
F : faraday’s constant [96485 C/mol] n : mol flow [mol/s]
heen @ height [m] R : gas constant [J/(K-mol)]
r - reaction rate [mol/(m’+s)]
T ) ) ) T  : temperature [K]
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V  : voltage [V]

X : mole fraction

n : voltage loss
Subscripts

an : anode

ca : cathode

CHP : combined heat & power generation
SR : steam reforming

WGS : water gas shift

LHV : low heat value

EMEF : electro motive force

ohm : ohm loss

act : active loss

diff : diffusion loss
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Table 1 Specifications of 10 kW SOFC system

System specification

Stack power 12 kW
System net power 11.3 kW
Blower power 740 W
System efficiency 50%
Pre-reformed ratio 40~50%
Recirculation ratio 66%
Air temperature 15°C
Fuel temperature 15°C
Air flow rate 102.5 kg/hr
Fuel flow rate 1.483 kg/hr
Cell size 19 cm x 19 cm
Number of cell 160 ea
Current density 3000 A/m’

Z :/// %

Fig. 2 Schematic of anode supported planer solid oxide fuel
cell
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Table 3 Operating parameter level variation for system
simulation

Parameter Center Simulation level
Fuel temperature 15°C 25500%
Air temperature 15°C 25500%
Fuel flow rate 1.483 kg/hr ]9]0(;{2
Air flow rate 102.5 kg/hr ]9]08){/00
Recirculation ratio 0.66 ggg
Current density 3000 A/m’ ggg 2//$2
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Fig. 14 Pareto chart of the standardized effects on power
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Fig. 17 Effect of fuel flow rate (0.9, 1.0, 1.1) on cell tem-
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