
▪ We employed Gaussian Process regression to estimate the dependency of 
battery internal resistance on instantaneous operating conditions (current, 
temperature and state of charge), as well as battery age, in a simple model:

PREDICTING BATTERY END OF LIFE 
FROM SOLAR OFF-GRID SYSTEM FIELD 
DATA USING MACHINE LEARNING

▪ Decentralised solar-battery systems are key to providing access to electricity 
for hundreds of millions of people whilst avoiding carbon emissions and air 
pollution.

▪ We employed state-of-the-art probabilistic ML techniques to construct a 
non-invasive state of health diagnosis algorithm for PV-connected batteries, 
relying solely on current, voltage and temperature data recorded during 
operation

ABSTRACT METHODS

▪ We estimated the dependency of 𝑹𝟎 on applied current, temperature and 
state of charge by combining estimates from each battery

▪ Variation in internal resistance due to operating conditions is significant

▪ Our health metric was validated against repairs data provided by PV-systems 
provider BBOXX Ltd. 

▪ Using a Gaussian process classifier, we estimated the probability of battery 
failure up to 8 weeks ahead

▪ Using only 𝑹𝟎 and its time derivative as inputs, we obtained over 75% 
balanced accuracy in labelling faulty batteries close to failure and 63% when 
forecasting 8 weeks ahead

▪ Classification performance was substantially improved by using as adding as 
inputs stress factors known to affect battery health 

▪ By adding battery age, average temperature and voltage, total Ah throughput, 
cycle count and cumulative time spend at floating charge as inputs we 
obtained an accuracy of 82% in classification close to failure and 73% 8 weeks 
ahead of time

▪ The classifier hyperparameters give indication as to the relative importance of 
each input, showing that mean temperature and voltage are the most 
important stress factors

▪ Using GP regression to estimate battery model 
parameters over the lifetime of a battery 
provides a principled, robust framework to 
estimate battery state of health from field data

▪ Our method is chemistry agnostic and can 
equally be applied to Li-ion chemistries. 
Ongoing work is focused on simultaneous 
state/parameter estimation of equivalent 
circuit models, using GP regression to gauge 
parameter dependency on operating 
conditions and battery states

▪ With higher fidelity data, more complex 
models may be fitted giving deeper insight into 
aging mechanisms under different conditions

▪ Aitio, A., & Howey, D. A. (2021). Predicting 
battery end of life from solar off-grid system 
field data using machine learning. 
http://arxiv.org/abs/2107.13856
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▪ By careful selection of kernel 
function 𝒌, we normalised 
𝑹𝟎 to a constant operating 
point over time, and obtain a 
consistent health  metric for 
each battery

▪ We overcame computational 
scaling issues by employing a 
recursive estimation 
framework

▪ Eliminating variation in 
𝑹𝟎 due changing 
operating conditions 
over the lifetime of 
each battery, we 
obtained smooth state 
of health trajectories

▪ The values of 𝑹𝟎 and 
their respective time 
derivatives are useful 
indicators of battery 
health

▪ We thank our partner BBOXX Ltd. for access to 
telemetry and repairs data for their fleet of PV-
connected batteries in sub-Saharan Africa
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