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Editorial on the Research Topic 
Full lifecycle management of battery energy storage systems


Rechargeable battery systems have seen tremendous growth in recent years, driven due to rapid uptake of hybrid and electric vehicles (EV) as well as other portable electronic applications. This is set to continue with the electrification of transportation in general. Owing to the tremendous volumes of battery systems being produced and projected, rigorous life cycle management techniques are becoming more important. Stationary energy storage systems are seen as probable second use of retired automotive battery backs. For safe and effective re-use of batteries new technologies need to be implemented to ensure accurate understanding of important parameters such as residual energy capacity and state of health (SOH) to indicate duration to complete end of life. In re-use, thermal runaway is also an important challenge and the ability to accurately determine this risk is important. In addition to such diagnostic methods, the environmental impact of the battery through the different phases of its life cycle needs to be carefully evaluated.
To capture the latest developments in this important area the Research Topic entitled “Full Lifecycle Management of Battery Energy Storage Systems” was selected. Lifecycle management of batteries is a multi-disciplinary field, and hence a broad range of areas are relevant such as artificial intelligence, design, materials, electrochemistry, power electronics, thermal and mechanical technologies, and recycling. For this Research Topic, five original research articles covering some aspects of these topics were selected for publication. Four of the five papers utilize a range of data-driven approaches highlighting the importance of this rapidly growing field to the full life cycle management of battery energy storage systems.
In Melzack et al.’s work they explored the environmental impact of different dual energy-storage systems (DESS) in the cradle to gate part (from raw materials to leaving the production line) of the electric vehicle batteries life cycle. Instead of using a single lithium-ion battery pack, the study explored the use of hybrid solutions including supercapacitors and newer technologies such as aqueous Al-ion cells to deliver the high-power component required for electric vehicles. Such dual systems are expected to increase the lifetime of the battery backs. Lifecycle assessments (LCA) for lithium-ion batteries have been undertaken in the past but few studies have been completed for these dual systems. Additionally, this investigation wanted to explore the environmental impact during the production stage of the DESS rather than over the operating lifetime. The study found that DESS can extend the lifetime of battery packs as well providing beneficial the environmental impacts using supercapacitors, as compared to pure lithium ion-based packs. This was not the case for aqueous Al-ion technology used in DESS, which was partially due to these cells being lab-based and commercial data is not yet available for this early technology. Such LCA studies are important as they provide a holistic view taking into consideration sustainability into all aspects of the battery’s life.
Batteries can no longer be designed for single use in electric vehicles, rather future re-use needs to be considered to cover all aspects of its actual lifecycle. Thermal runaway can cause catastrophic failure in EVs and particularly in the secondary use of retired batteries, where it has a high probability of onset. In this collection Chen et al., devised an early warning data-driven approach for the thermal runaway. This study adopted an unsupervised learning approach employing ensemble learning and a reconstruction error calculation, which avoided the challenges of limited data sets which the supervised learning techniques face. In addition, a bidirectional long short-term memory (Bi-LSTM) network with an attention mechanism (AM) is used to extract the time-varying characteristics of lithium battery data. The technique was successfully implemented on data from retired batteries.
SOH estimation is crucial for the full lifecycle management of batteries, particularly in the re-use scenarios. Data-driven approaches are becoming increasingly important and two papers in this collection outline novel data-driven approaches for SOH estimation. Wang et al. develop a SOH estimation method that integrates data-driven model and signal analysis method. Specifically, the differential thermal voltammetry (DTV) analysis method is used to analyze aging characteristics to obtain features strongly related to battery aging, and solve the problem of poor interpretability of data-driven methods. A data-driven model is constructed with the Bi-LSTM as the core, and the AM is added to focus on important parts of the sequence to further improve the accuracy of the model. The proposed method is validated via the Oxford battery degradation dataset, and the results show that the proposed method achieves high accuracy in SOH estimation with a root mean square error (RMSE) maintained at about 0.4%. Zou et al. describe a data-driven method for SOH estimation leveraging the Bi-LSTM that uses the DTV analysis to extract features, and incorporates AM at both temporal and spatial scales to enable the model focusing on important information in the features. The validation using the Oxford Battery degradation Dataset shows that the proposed method achieves high accuracy in SOH estimation, with the RMSE of around 0.4%.
Another important pillar of battery life cycle management is to be able to accurately determine remaining capacity. In this collection Guo et al. propose a novel approach using multi-voltage-interval incremental capacity (IC) peaks combined with a back-propagation neural network (BPNN) for battery capacity estimation. Multiple voltage intervals covering relatively narrow and wide values are applied for computing IC curves to enhance the estimation robustness, removing the need to employ smoothing algorithms. A BPNN is then applied to approximate the correlation between multi-voltage-interval IC peak and capacity. Besides, a five-point moving window technique is proposed to capture multi-voltage-interval IC peaks online effectively.
This Research Topic brings together pioneering research that integrates emerging techniques, such as artificial intelligence, and battery physics to enhance the SOH estimation, capacity evaluation and thermal runaway early warning techniques for lithium-ion batteries. These data-driven approaches advance battery health understanding and degradation/failure mitigation strategies, enabling an intelligent full lifecycle management of batteries, ultimately contributing to a sustainable, zero pollution future.
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