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Abstract

Due to the depletion of various fossil energy resources, the provision of sustainable energy has
become an important and critical issue for all countries. In addition to the development of various
strategies for optimizing energy consumption, energy storage technologies play a vital role in
ensuring a reliable energy supply. Among these technologies, lithium-ion batteries are considered
one of the most efficient energy storage systems owing to their high energy efficiency, long cycle
life, and high energy density. Despite their numerous advantages and wide range of applications,
lithium-ion batteries face the challenge of accurate State of Charge (SOC) estimation. Achieving
a precise estimation of battery SOC can enhance battery lifespan, improve performance, reduce
operational costs, increase safety, and enable the charging process to be terminated under critical
conditions when necessary. Various methods have been proposed for estimating the SOC of
lithium-ion batteries, including lookup table methods, coulomb counting, model-based methods,
data-driven approaches, and hybrid techniques. This study introduces the different SOC estimation
methods, discusses the advantages and challenges associated with each approach, and finally
provides a comparative analysis of these methods.
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