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Description:

Electrochemical storage systems have become an essential component in smart grid
environments as their charge retention capability, cycling stability and energy transfer
characteristics strongly influence the reliability of renewable power integration.
Machine Learning (ML) methods provide an effective framework for analysing charge
and discharge behaviour under varying thermal conditions, fluctuating current density
and dynamic loading environments. Intelligent data driven models support accurate
estimation of state of charge, state of health and degradation behaviour in advanced
batteries and electrochemical supercapacitors used in integrated energy systems.
Learning-based approaches help enhance electrochemical parameter determination
and performance assessment of materials by continuously tracking changes in voltage
levels, ion diffusion behavior and the properties of electrodes. Predictive learning-
based approaches also aid in improving energy storage capacity by preventing loss of
capacity and ensuring durability throughout cyclic operations. Such computational
techniques support the development of highly responsive electrochemical storage
management platforms for smart grid applications, complex renewable energy

integration and distributed storage operating conditions.

Intelligent management of electrochemical storage systems requires precise
interpretation of nonlinear electrochemical behaviour associated with charging
dynamics, discharge recovery and material aging processes in smart grid
infrastructures. The use of ML techniques allows for the continuous assessment of
electrochemical performance by identifying anomalous voltage profiles, internal
resistance changes and thermal instabilities in electrochemical reactions during the
storage process. ML models trained on electrochemical performance data can be used
to ensure proper energy flow in distributed energy storage devices, thereby ensuring
stable system operations within a renewable energy-integrated grid network. ML
models also help optimize the usage of electrodes, cycle life extension and energy
conversion efficiency within battery and supercapacitor systems operating under non-

linear load conditions. Furthermore, data-driven control schemes improve durability



testing, fault detection and scheduling operations within electrochemical storage

systems by accurately modeling electrochemical reaction properties.

This special issue welcomes research addressing ML driven charge and discharge
modelling, electrochemical storage analysis and management strategies for smart grid
environments. Contributions focusing on advanced batteries, electrochemical
supercapacitors, storage durability, electrochemical reaction modelling, diagnostics,
fault identification and energy storage control are particularly encouraged. The issue
also seeks research involving data driven optimization of distributed electrochemical
storage systems under operating conditions and renewable energy integration. Both
theoretical developments and practical implementations related to electrochemical

storage performance and smart grid applications are encouraged.

List of Topics:

% Machine Learning Models for Electrochemical Battery Charge Discharge
Behaviour Analysis

< Intelligent Electrochemical Supercapacitor Performance Optimization Using
Machine Learning Frameworks

+ Data Driven State of Health Prediction in Electrochemical Storage Systems

% Machine Learning Assisted Thermal Stability Monitoring in Electrochemical
Energy Storage

% Predictive Electrochemical Degradation Assessment for Smart Grid Battery
Management Applications

« Intelligent Fault Diagnosis Methods for Electrochemical Supercapacitor Storage
Networks

% Adaptive Machine Learning Frameworks for Electrochemical Storage Durability
Enhancement Applications

« Electrochemical Reaction Behaviour Modelling Using Intelligent Data Driven
Learning Techniques

% Machine Learning Approaches for Electrochemical Storage Voltage Profile
Prediction Applications

% Intelligent Electrode Behaviour Characterization in Advanced Electrochemical
Storage Systems

% Machine Learning Based lon Diffusion Prediction in Electrochemical Storage
Materials

% Electrochemical Storage Capacity Loss Prediction Using Machine Learning
Algorithms
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