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➢ Calibration of the multiphysics simulation

➢ Resistance of electrodes (800℃)

➢ Effects of electrical conductivity on the cell performance
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➢ Cell configuration & working conditions

➢ Governing equations

• Charge conservation (electron-conducting phase)

• Species transport

• Electrochemical model (Butler-Volmer model in this study)

Steam electrode:

Air electrode:

Multiphysics Modeling

Introduction

Disclaimer: This project was funded by the U.S. Department of Energy, National Energy Technology Laboratory, in part, through a site support contract. Neither the United States Government nor any agency thereof, nor any of 
their employees, nor the support contractor, nor any of their employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represents that its use would not infringe privately owned rights.  Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency thereof.

➢ Background and Motivation

• Reversible solid oxide cells(r-SOCs) are an enabling energy storage/production 

technology for a dynamic grid environment. Reversible operation requires strong 

working knowledge of fuel cell (SOFC) and electrolyzer (SOEC) operation.

• Performance degradation of SOECs has been observed; however, the details of 

physical processes related to the performance degradation remain unknown.  

➢ Purpose of the Study

• Multiphysics simulations were performed to investigate the performance 

degradation of solid oxide electrolysis cells under various working conditions. 

• Multiphysics simulations were performed to study the degradation of solid oxide electrolysis cells under various working conditions. 

• Resistance components of steam electrode and air electrode were extracted from simulated impedance behavior.

• The effects of electrical conductivity of air electrode (decomposition) on the performance was investigated, which can also be related to 

performance degradation during operation. 

Results

Summary & Future Work
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LSCF: Lanthanum Strontium Cobalt Ferrite

YSZ: Yttrium Stabilized Zirconia
GDC: Gadolinium-doped Ceria 
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Effective electronic conductivity of the porous 

LSCF electrode is lowered by the formation of 

the spinel phase
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