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Introduction

The BATMAX project has achieved significant technical and strategic milestones during its first 26
months, laying the groundwork for a next-generation battery management system (BMS). Key
developments include the creation of multi-scale digital twin frameworks, Al-augmented battery
models, and advanced sensor-integrated BMS hardware. These advances position BATMAX as a
driving force in shaping Europe’s leadership in sustainable, high-performance energy storage
technologies.

Progress on Physics-Based Modelling Framework

During its first reporting period, the BATMAX project has made strong headway in developing a
robust framework for parametrising physics-based battery models. Building on the open-source
BattMo code, a multi-scale modelling system has been established to simulate battery performance
from beginning-of-life through various states of health (SoH). This framework not only provides high-
fidelity simulation results but also enables the transition from cell-level models to module and
system-level representations. Importantly, it incorporates multi-physical phenomena, setting the
foundation for accurate, scalable, and dynamic battery modelling.

Advances in BMS Hardware and Sensorisation

Significant progress has also been made in developing advanced Battery Management System (BMS)
hardware and embedded sensor technologies. Early prototypes of sensing boards and
communication drivers have been developed, forming a secure, loT-native BMS architecture. This
enables seamless data transfer to the cloud, allowing for real-time monitoring and control of battery
systems. Accurate measurement data, gathered under repeatable, verifiable conditions, feeds
directly into both physics-based and Al-driven models. To support data reliability and usability,
BATMAX is also creating documentation and workflow guidelines that ensure high data quality
across the board.

Development of Hybrid and Al-Driven Models

BATMAX is establishing a joint data platform that integrates input from all project partners to
support data-driven research. This includes tools for pre-processing, data fusion, and analytics.
Hybrid models, combining Al techniques with physical modelling, are under active development,



with early tests showing promising results. The project is working towards creating Al-based
prognostics to estimate key battery parameters (SoX) at the edge level. A longer-term ambition is to
build a self-learning BMS system that uses real-time cloud data to continuously optimise battery
operation, enabling a fully bidirectional edge-cloud data architecture.

Multi-Scale Digital Twin for Dynamic Battery Management

At the core of BATMAX’s innovation is the development of a comprehensive digital twin framework.
This system is designed for the optimisation, validation, and lifecycle management of batteries
across a range of real-world use cases. The framework employs a multi-scale, hardware-in-the-loop
approach for modelling cell-to-cell interactions, including safety and abuse scenarios. Future
validation against real operational data will further refine the system’s accuracy and performance.
The digital twin architecture comprises two levels: a high-level setup with physical, edge, and cloud
layers, and a low-level structure detailing interactions across cell, module, and pack levels, each
embedded with specific algorithms and models.

Application Scenarios and System Requirements

The BATMAX system is designed to support a wide range of use cases, including heavy-duty vehicles
(HDV), maritime transport, off-road equipment, and stationary energy storage. System-level
requirements are being defined to ensure safety, reliability, and adaptability. New sensor
technologies and cloud-based algorithms will support next-generation BMS capabilities, tailored to
meet diverse environmental and operational conditions.

Engagement and Dissemination Activities

BATMAX has also actively promoted its work within the broader battery research community. The
project participated in the BMS Alliance Webinar on October 8, 2024, where it engaged in a fruitful
dialogue with sister initiatives, including ENERGETIC, NEXTBMS, and NEMO. It was also showcased at
ESGC 2024 in Brussels by the EDF team from October 15th to 17th. On December 2, 2024, BATMAX
co-hosted a major webinar focused on battery innovation for a sustainable Europe. The most recent
event, held on March 20, 2025, focused on data access and harmonisation, further reinforcing
BATMAX's leadership in advancing next-generation battery management technologies.

Contact:

To track the progress of the BATMAX project, please visit our website at https://batmaxproject.eu
and follow us on Social Media: LinkedIn / X.
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