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The Li-ion battery electrochemical model is subject to a complicated 
mathematical structure including partial-differential equations (PDE), 
ordinary differential equations (ODE) and algebraic equations.
Control-oriented modelling is needed to enable real-time monitoring and 
control of the battery management system.
The reduced order model (ROM) can be used for battery state estimation 
and control system optimisation.
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Aims and Objectives
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Dependencies and Supports

Benefit to:
• Pack design project
• Industry partners

Rely on:
• Parameterisation and 

validation project
• Cell design project
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How can we simplify complex battery models but keep the physics we most 
care about?

Asymptotic analysis (Moyles et at. 2018)

How can we make our models more computationally efficient?
Model order reduction (K. A. Smith et al., 2008)

How do we fit model parameters from cell measurements, and check they 
are valid?

Identifiability analysis (Bizeray. A. et al. 2018)

Challenges and Obstacles
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Workflow

Simplification
SPM
SPMe …

Solvers
Finite difference method
Finite volume method …

Reduce order 
techniques
Residue grouping
Polynomial profile …

Implement
Matlab/Simulink
dSPACE …



Methodology
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Parameterisation

Validation

Reduce Order Model - ROM

Solvers
FDM
FVM …

Reduce order 
techniques
Residue grouping
Polynomial profile …

Implement
Matlab/
Simulink
dSPACE …

Robustness Analysis

Model Application:
State estimation and control optimisation

Continuum 
Model

Simplification
SPM
SPMe …



Single particle model with electrolyte (SPMe)
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Case Study – Reduced order SPMe



SPMe model solved by finite difference method (FDM)
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Case Study – Reduced order SPMe



SPMe full order model real time simulation with dSPACE
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Case Study – Reduced order SPMe



Reduce order - Residue grouping method
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Case Study – Reduced order SPMe

Example of simulation of ROM vs. full order
Time (s)

Full order

Reduced order

Negative electrode solid concentration 

Time (s)

Charging current (A)
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Conclusions and Future Work

Research on solvers and reduce order techniques.
Apply the reduced order electrochemical model in state estimation and 
control optimisation.
Getting a good starting point to analyse coupled thermal-electrochemical 
models.
We have a framework to study parameter validity for the coupled models 
that we will develop.



Thank you ! 

Feel free to contact me through: Liuying.Li@warwick.ac.uk
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