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Improving the durability of the SOFC, especially when consuming coal gas

or alternative fuels such as land-fill gas, is essential to making SOFCs

practical for stationary and distributed power generation. In general, SOFC

performance and durability is adversely affected by reactions that cause

unwanted changes to the electrode microstructures such as grain

coarsening, cracking, clogging of pores, and the formation of secondary

DEC MODEL VALIDATION

 DEC model validation with experimental data: Global voltage and power density 
for various fuel mixtures at different operating currents.

OVERVIEW

phases. The distributed electrochemistry (DEC) modeling tool is being

developed to investigate the electrochemistry within the membrane-

electrode assembly (MEA) of the SOFC and to help quantify the effects of

these unwanted reactions. The DEC model calculates the current-voltage

(I-V) performance of the cell based on the local multi-physics and properties

of the electrode microstructure, which can varying through the MEA. The

model has been validated with experimental button cell data and has been

used to investigate changes in performance with changes in local conditions

and properties within the MEA.
ANODE OPTIMIZATION EXERCISE

 Optimization of  SOFC performance by systematically adjusting anode 
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OBJECTIVES

 Develop a multi-dimensional cell-level distributed electrochemistry model that 

can simulate SOFC performance by solving the coupled and spatially varying 

multi-physics that occur within the MEA.

 Validate the model for an SOFC operating on various fuel gas compositions.

 Investigate the effect of local conditions, microstructure, and electrode 

degradation on the electrochemical performance.

microstructural properties

DEC MODEL FEATURES

EXPERIMENTAL DESIGN & SETUP

 Height of fuel feed tube above anode affects hydrogen concentration and 
cell performance
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 Resolves local conditions in SOFC based on the reactive transport, 

electrochemistry, and operating conditions

 Calculates global electrical performance based on local electrochemistry

 Investigates effects of local conditions & microstructure on cell performance

 Effects of electrode degradation on cell performance (under development)

CONCLUSIONS

Conservation Equations

MULTI-PHYSICS GOVERNING EQUATIONS

 Developed the DEC modeling tool which can accurately reproduce experimental data at 

various operating voltages and gas compositions.

 The validated modeling tool can predict trends in SOFC performance due to changing
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Charge Transfer: Modified Butler-Volmer
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Diffusion Flux: Fick’s Law Bulk Advection: Darcy’s Law

 The validated modeling tool can predict trends in SOFC performance due to changing 

electrode microstructure.

 Experimental designs and setups can be evaluated for their effectiveness before 

construction.

 The DEC model can now be expanded to look at degradation and performance 

problems of interest to the SECA industrial team members.  Such as: 

 Ni oxidation due to fuel supply interruption

 sulfur poisoning of the anode in an auxiliary power supply unit
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Electric Potential: Poisson’s Equation
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