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• Molecular dynamics (MD) simulation for oxide ion transport 
in YSZ and Brownmillerites for SOECs.

• Coupling of MD to electrochemical modeling and transport 
modelling for cell level efficiency.
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Multi-scale modelling frame for 
SOECs  

Molecular dynamic 
simulations (MD)

Electrochemical and transport 
modelling 

SOEC Level Performance

Material properties Transport mechanisms
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Modelling of YSZ  

3x3x3 Supercell of YSZ 8%
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ML Interatomic potentials 
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Model validation for the ionic conductivities of 

Brownmillerites 

https://doi.org/10.1016/j.ijhydene.2019.01.164
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NOVEL ELECTRODE COATINGS AND INTERCONNECT 

FOR SUSTAINABLE AND REUSABLE SOEC 
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Electrochemical model (0 D) for 
SOEC/SOFCs

• The model based on 
Physical laws: 
• Butler-volmer Equation
• Ficks Law
• Ohm’s Law  
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𝑈𝑈Cell = 𝑈𝑈OCV − �𝜂𝜂ohm + 𝜂𝜂act,an + 𝜂𝜂act,cat + 𝜂𝜂conc,an + 𝜂𝜂conc,cat� 

𝑈𝑈OCV 𝑇𝑇 = 𝑈𝑈0 𝑇𝑇 −
𝑅𝑅𝑅𝑅
2𝐹𝐹 ln

𝑝𝑝H2Oan
𝑝𝑝H2, an ⋅ 𝑝𝑝O2, cat

ηohm = 𝑗𝑗 ⋅�
𝑘𝑘

𝑅𝑅𝑘𝑘 = 𝑗𝑗 ⋅ 𝑅𝑅ohm
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ηohm = 𝑗𝑗 ⋅�
𝑘𝑘

𝑅𝑅𝑘𝑘 = 𝑗𝑗 ⋅ 𝑅𝑅ohm

𝑅𝑅ohm = �
𝑘𝑘
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1
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+ 1
σel,cat
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1
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+ 1
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𝐿𝐿elyte

σion,elyte
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𝑝𝑝H2
𝑇𝑇𝑇𝑇𝑇𝑇,an = 𝑝𝑝H2,an −
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𝑝𝑝O2
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𝑝𝑝tot − 𝑝𝑝O2,cat
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⋅
𝑅𝑅𝑅𝑅𝐿𝐿cat
4𝐹𝐹𝐷𝐷O2
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Electrolyte YSZ Activation energy
(KJ/mol) 

Pre-exponential 
factor (S.K/m) 

Arrhenius fit 

MD based 54 1.93x105 𝜎𝜎𝑀𝑀𝑀𝑀 𝑇𝑇

=
1.93x105 

𝑇𝑇 . exp(−
54000
𝑅𝑅𝑅𝑅 )

Empirical expression 
(exp data) Resistance 0.265 + 0.24 × 106. exp −0.0125𝑇𝑇  (

𝑜𝑜𝑜𝑜𝑜
𝑐𝑐𝑐𝑐2 )

https://doi.org/10.1016/j.enconman.2023.117778
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https://doi.org/10.1016/j.enconman.2023.117778
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2D transport modelling 

(a) Steam consumption and oxygen production 

Cathode 

Anode 

(a) Hydrogen production 
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