
SIMPLIFIED MODELS FOR ELECTROCHEMICAL 
DEGRADATION (SEI AND LI PLATING)
Single Particle Model with electrolyte and side reactions (SPMe + SR)

Understanding the degradation behaviour of batteries is a key step towards a 
better battery performance and longer battery life. However, coupling the 
Doyle-Fuller-Newman (DFN) model with degradation effects is 
computationally expensive as often degradation effects are not noticeable 
until after hundreds of cycles. This limitation motivates the need of simpler 
models  which are usually posed in an ad hoc manner. This approach has led 
to inconsistencies with the full model and to multiple formulations of the 
same model. In this work:

▪ We present a Single Particle Model with electrolyte and a side reaction
(SPMe+SR) derived in a systematic manner using asymptotic techniques. 

▪ The SPMe+SR is validated against a DFN model for SEI formation, showing 
very high accuracy with a lower computational cost.

▪ The resulting model has a level complexity that makes it more suitable for 
battery design and control applications.
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MOTIVATION & BACKGROUND
▪ The DFN model is often too complex to be used in battery management 

systems, therefore reduced models are needed.

▪ Reduced models are often posed in an ad hoc manner, which can lead to 
inconsistencies with the underpinning physical laws. This is especially 
critical in degradation models and can be avoided by doing a systematic 
reduction using asymptotic techniques.

▪ The key idea of asymptotic methods is to assess the size of the dimension-
less groupings in the model and ignore any negligible effects. This method is 
based on a well-developed mathematical theory that allows the validity and 
error in the reduced model to be determined a priori.

▪ The asymptotic analysis relies on the following assumptions:
− Overpotentials & losses are small compared to open-circuit potential.
− Side reaction is small compared to lithium (de)intercalation.

▪ Using this asymptotic analysis, we turn a system of differential algebraic 
equations (DAEs, which are computationally expensive to solve) into a 
system of partial and ordinary differential equations (PDEs and ODEs) for 
the concentrations and porosity (a much simpler problem). Any other 
variable of interest can be computed from explicit expressions (see [1]).

▪ We solve the following PDEs for concentration in the particle. In the positive 
average particle, it is the standard SPMe model

while in the negative average particle (n.b. extra term due to side reaction) 

with

The electrolyte equation is the standard for SPMe (see [1]).

▪ To demonstrate the applicability of SPMe+SR we validate it against a DFN 
model with a side reaction.

▪ In this particular case, the side reaction is a reaction limited SEI that also 
induces a porosity variation.

▪ We implement both models in PyBaMM [2] finding very good agreement 
between them.

▪ SPMe+SR is about 8x faster than DFN with side reaction. In addition, the 
simpler system of equations (ODEs vs DAEs) means that this model is more 
suitable for applications such as control or battery design.

MODEL VALIDATION

Figure 1: Comparison between SPMe+SR (red) and DFN with side reaction (blue). 

▪ We derived a Single Particle Model with 
electrolyte and side reaction (SPMe+SR) 
which also includes porosity change.

▪ The SPMe+SR has an accuracy close to the 
DFN model but up to 8x faster.

▪ Because the model is simpler, it is suitable 
for use in battery management systems.

▪ The same model applies other types of SEI, 
lithium plating and a combination of them.

▪ The next step is to validate the model for 
other scenarios, including the model in [3] 
for SEI + lithium plating (and against the 
experimental data as well).
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