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Predicting aging and lifetime from 
initial cycling data
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 Background:
• Electrode inhomogeneity

• Anode expansion (Batterifonden project)

• Intercallation phase estimation

 Idea: 
• Inhomogeneity as cause for ageing

 Motivation:
• Development bottleneck: lifetime testing

1960 year’s model did 100 km/h and 100 km

Torsten Wik, Xiaolei Bian

Automatic Control, Department of Electrical Engineering

www. klassiker.nu
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Electrode Inhomogeneity:  Short term, reversible

Y Huang, Q Zhu, T Wik, DP Finegan, Y Li, C Zou (2026). BMINN: Learning chemical potentials and parameters from voltage 
data for multi-phase battery modelling. Energy Storage Materials, 104997
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Increased inhomogeneity due to cracking 
and side reactions, such as

 local lithium plating

 growth of SEI

altering the structure and composition of 
the electrode as a whole, compared to its 
pristine state.
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Electrode Inhomogeneity:  Long term, irreversible

SEM images of graphite anodes for fresh and aged cell
DOI: 10.1149/2.1211609jes
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Anode expansion
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Theoretical

MeasuredMeasured
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Intercallation phase estimation
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 Slide a probability distribution over the theoretical expansion

 The probability distribution will then tell us how much that is in each phase
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Borghed, I., Bian, X., Huang, Y. and Wik, T. (submitted). Estimating the graphite electrode phase evolution from electrode 
potential measurements. 
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Method overview
 Compare reference signal vs target signal 

 Works also for electrical signals

 Use convolution (kernel) to align signals

 Define inhomogeneity indicator based on kernel
• Large inhomogeneity (short term)  Large risk of inappropriate charging
• Large inhomogeneity (long term)  More aged  

 Predict degradation
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Knee-point identification / prediction

 Sigma detects knee-point ~35 cycles earlier than in the capacity

 Provides early warning of accelerated degradation
8
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Ageing ranking based on inhomogeneity

9

Dataset 1 Dataset 2
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Ageing ranking based on inhomogeneity
Dataset 1

Dataset 2

 No training required

 2 cycles may suffice (here 5)

 Screening of cell quality (for 
pack design)

 May remove the bottleneck in 
cell design

 Tested on Novo Energy (Volvo 
CRC) cells with 100% hit-rate 
in picking the longest lasting 
cell out of 3 different anode 
recepies.
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1960 year’s model did 100 km/h and 100 km

Thanks also to Isac Borghed   and Yicun Huang!

There has been some improvement though …
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