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Project description

The MEDIATE project develops an advanced knowledge-assisted platform to
optimize solid oxide fuel cell (SOFC) performance by combining physics-based
modeling with machine learning (ML). This approach enhances predictive
accuracy, efficiency, and durability while reducing computational costs.

A framework was developed to investigate the porous microstructures of SOFC
electrodes. The geometrical properties (including tortuosity, percolation, statistical
correlation functions) are analyzed that leads to certain effective physical
guantities, such as conductivities, permeability and mechanical behavior including
creep. Additionally, a methodology was developed to generate or reconstruct 3D
microstructures of SOFC anodes and cathodes that can be used to enrich the
database for inverse design approaches.

A macroscopic, multiphysical SOFC model captures mass transport, electro-
chemical reactions, thermal and mechanical behavior including creep. The model
contains the effective properties from the microstructural investigations. High-
fidelity simulations generate synthetic datasets to train artificial neural
networks (ANNs), predicting key SOFC performance metrics, including
temperature distribution, gas concentration, and current density. Time-dependent
simulations further analyze SOFC behavior under dynamic conditions.

The platform, anchored in the Elementary Multi-perspective Material Ontology LISCF W
(EMMO), ensures seamless data exchange and real-time performance
optimization. By merging physics-based insights with ML techniques, this project SOFC analysis at different length scales
contributes to the development of high-performance, sustainable fuel cell

technologies.
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