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Abstract: Lithium-ion batteries (LIBs) are crucial in electric vehicles and energy storage; however, their sustainability
evaluation is constrained by methodological flaws. Al can bring revolutionary changes in the paradigm of lifecycle assessment
(LCA) in LIBs. In this paper, SWOT analysis is used to evaluate the role and future potentials of Al in LCA in LIBs. The aim of
this paper is to leverage the advantages of this technology while mitigating its shortcomings and evaluating possible
opportunities and threats. Moreover, future research is suggested in order to improve the implementation of Al in the LCA of
LIBs, such as the standardization of processes of data gathering, processing, and distribution, improving data transparency,
fostering interdisciplinary cooperation and enhancing Al algorithms. This paper will contribute to the scientific discussion of the
effective automation of sustainability evaluation in LIBs.
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I. INTRODUCTION
The rapid growth of global energy demand and increasing concerns regarding climate change have accelerated the transition toward
sustainable energy systems and low-carbon transportation technologies. Among the various energy storage solutions, lithium-ion
batteries (LIBs) have emerged as the dominant technology for electric vehicles (EVs), renewable energy integration, and grid-scale
energy storage owing to their high energy density, long cycle life, and superior electrochemical performance. The widespread
adoption of EVs is considered a key strategy for reducing greenhouse gas emissions and achieving global carbon neutrality targets.
However, the unprecedented expansion of LIB production and utilization has raised significant environmental, economic, and social
sustainability concerns throughout the battery life cycle. These concerns include intensive raw material extraction, energy-intensive
manufacturing processes, resource depletion, carbon emissions, waste generation, and end-of-life management challenges.
Life Cycle Assessment (LCA) has been widely recognized as a comprehensive methodology for quantifying the environmental
impacts associated with products and processes from cradle to grave. In the context of LIBs, LCA enables the evaluation of
environmental burdens across all stages, including raw material extraction, battery manufacturing, transportation, operation, second-
life applications, recycling, and final disposal. Numerous studies have demonstrated that while LIBs contribute significantly to
transportation decarbonization, their production and recycling phases can generate substantial environmental impacts, necessitating
continuous optimization and sustainability assessment. Nevertheless, conventional LCA approaches often suffer from limitations
such as data scarcity, uncertainty in inventory datasets, static modeling assumptions, computational complexity, and difficulties in
handling rapidly evolving battery technologies and supply chains.
Recent advances in Artificial Intelligence (Al), machine learning, deep learning, and data analytics offer transformative
opportunities to overcome these limitations and enhance the effectiveness of sustainability assessments. Al technologies possess
remarkable capabilities in processing large-scale datasets, identifying hidden patterns, predicting future scenarios, and automating
complex analytical tasks. Within the battery sector, Al has already demonstrated significant success in battery design optimization,
state-of-health estimation, lifetime prediction, fault diagnosis, energy management, and recycling process optimization. Integrating
Al with LCA frameworks can substantially improve data quality, reduce uncertainty, enable real-time environmental monitoring,
and facilitate dynamic sustainability assessments across the entire battery life cycle.
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Furthermore, Al-driven approaches can support decision-makers in identifying environmentally preferable materials, manufacturing
routes, and recycling strategies while simultaneously improving resource efficiency and reducing carbon footprints.

Despite these advantages, the application of Al in battery sustainability assessment remains at an early stage and faces several
critical challenges. Issues related to data availability, model transparency, algorithmic bias, cybersecurity, and the lack of
standardized assessment frameworks can hinder the reliability and acceptance of Al-assisted LCA methodologies. Therefore, a
systematic evaluation of the strengths, weaknesses, opportunities, and threats associated with Al-driven sustainability assessment is
essential for guiding future research and industrial implementation.

In this study, a SWOT (Strengths, Weaknesses, Opportunities, and Threats) framework is employed to critically analyze the role of
Al in enhancing the life cycle sustainability assessment of lithium-ion batteries. The study explores the potential benefits and
limitations of Al integration within LCA methodologies, identifies emerging opportunities arising from technological advancements
and policy initiatives, and highlights potential risks that may affect large-scale deployment. The findings provide valuable insights
for researchers, policymakers, battery manufacturers and sustainability practitioners seeking to develop robust, efficient and
intelligent assessment frameworks for next-generation green battery technologies.

Il. LITERATURE REVIEW
The lithium-ion battery (L1B) is now an essential part of electric transport and energy storage technology because of its high energy
density and longevity. With the expansion of electric vehicles and energy storage systems globally, scientists have become more
concerned about the environmental sustainability of the LIBs in terms of their life cycle. Life Cycle Assessment (LCA) technique
has been found to be the most suitable method for measuring the environmental impacts of lithium-ion batteries from material
sourcing to end-of-life management. Several research papers have been published about the environmental impact of LIBs. Peters et
al. [6] evaluated the environmental impact of lithium-ion batteries and noted that the battery chemistry, geographic location of
manufacture, electricity source, and recycling process have an immense impact on the overall environmental impact. Liang et al. [4]
analyzed the life cycle of LIBs and found out that there is considerable greenhouse gas emission during battery manufacture,
stressing the importance of cleaner manufacturing process. Recent studies by Chen et al. [2] and Yu et al. [13] also showed that
battery chemistry and recycling process determine carbon footprint and resource use. Classic LCA methodologies, although
efficient, may be subjected to problems related to the availability, reliability, and dynamic nature of the data for batteries’ supply
chains. The development of increasingly complicated batteries calls for more sophisticated tools which can effectively process a
growing volume of heterogeneous data. Thus, researchers have started studying possibilities of using Al to enhance sustainability
assessment. According to Romeiko et al. [9], application of machine learning to LCA allows for improving the efficiency of data
processing and forecasting as well as managing the uncertainties involved in sustainability assessments. Al has shown great promise
in the application of battery technology. Semi-supervised machine learning algorithms for battery life prediction were created by
Che et al. [1], and showed great performance accuracy in the estimation process. Intelligent energy management in hybrid electric
vehicles was done by Jondhle et al. [3], and was found to increase efficiency and decrease the environmental footprint. In battery
recycling, Meng et al. [5] pointed out the importance of intelligent disassembly systems in increasing recovery efficiency, and Ren
et al. [8] stated that Al can improve material recovery and carbon emission reduction.
However, advances in the development of generative Al and large language models (LLMs) have opened up more ways for
conducting sustainable battery assessment. For instance, Tu et al. [10] have shown how large language models are capable of
automating the process of collecting and managing life cycle inventory data, thus saving a lot of time needed to conduct an LCA
study. In turn, Preuss et al. [7] reviewed the opportunities and threats associated with the use of large language models for
conducting life cycle assessments. Finally, Wu et al. [11] noted how generative Al is a disruptive technology for environmental
science and engineering. Despite these developments, however, there are still some drawbacks. For instance, the effectiveness of
Al-based models is highly reliant on good-quality data and can be characterized by a lack of interpretability, which makes them
“black boxes.” According to Xu et al. [12], the data quality has an impact on prediction accuracy, and, as noted by Zhang et al. [14],
the development of explainable Al is needed for increasing the transparency of such systems.
The literature review reveals that incorporating Al into LCA presents great opportunities for increasing the sustainability evaluation
of lithium-ion batteries. The use of artificial intelligence could improve data acquisition, inventory analysis, the prediction of
environmental impacts, life time estimations of batteries, as well as recycling optimization. Nonetheless, further studies should be
conducted to create standard databases, increase model transparency, protect data from any risks and threats, and encourage
interdisciplinary collaboration of battery engineers, environmentalists, and data scientists. This approach would allow developing
sustainable Al-assisted assessment models.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3514



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue VI June 2026- Available at www.ijraset.com

11l. METHODOLOGY

The SWOT analysis is one of the most commonly used and important tools for strategic planning, which helps organizations to gain
deeper understanding about the current state of the research object and to plan future strategy to deal with challenges. By performing
SWOT analysis, we will be able to systemically evaluate the strengths (aspects that can be further exploited), weaknesses (aspects
that need to be improved), opportunities (development aspects that can be captured due to exploitation of certain strengths) and
threats (outside factors that can affect the process of the project implementation).

While strengths and weaknesses depend mostly on the internal aspects, opportunities and threats are mainly affected by external
factors. As it is represented in Figure 1, for Al-based sustainability assessment of LIBs, the SWOT analysis provides an effective
tool allowing to systematically identify and analyze both internal strengths and weaknesses, as well as external opportunities and
threats.

IV. RESULTS AND DISCUSSION
Strength: The application of Al to perform LCA on LIBs highlights several benefits. Firstly, huge data sets representing the entire
lifecycle of batteries can be analyzed and processed through Al technologies, thus revealing hidden correlations among the data and
leading to deeper insights regarding the environmental impact assessments.
This helps decision-makers make right decisions and solutions. Secondly, with the help of predictive analytics capability of Al, the
performance and longevity of LIBs can be predicted and improved. For instance, the relative error in prediction of LIBs lifetime via
semi-supervised self-learning approach does not exceed 4.1%. Carbon dioxide emissions and other negative impacts during the use
phase can be minimized with the help of battery system energy management strategies optimization with the help of Al
technologies.
Moreover, the missing information from life cycle inventory or impacts can be predicted with the help of Al technology as well.
Moreover, Al is able to gather information from multiple sources in relation to the production, utilization, and recycling processes
of LIBs using text mining technology, which improves the computational speed and efficiency of intricate models that assess
batteries.
This ensures that real-time and fast calculation is possible, which in turn makes the LCA of LIBs faster and requires less effort. For
example, automated data management and multimodal data analysis from multiple sources can be realized through integration of
large language models (LLMs) in battery life cycle inventory (LCI) modeling. This not only ensures scalability and generalizability
of battery LCI but also ensures efficiency and speed of assessments.

V. WEAKNESS
Despite all the benefits that Al can bring into the realm of LCA of LIBs, there are some clear disadvantages as well. First of all, the
performance of Al models depends greatly on the availability and quality of data. In order to train models, a large number of high-
quality data points that cover the entire life cycle of LIBs should be collected.
This might not be an easy task to accomplish, especially when it comes to the battery technology that contains proprietary
information.
The second problem is related to the issue of interpretability of Al models. The "black box" characteristic of Al models has always
been a problem for comprehending their decision-making mechanisms, which would negatively impact the credibility and
traceability of Al in the holistic sustainable assessment of batteries.
Furthermore, there exists an overfitting problem with using Al models with historical data, which may limit the prediction ability for
future cases and make it difficult to formulate proper policies. The exact usage of Al models within the sustainability assessment of
LIBs is still at its exploratory phase without any unified standards within the industry, making it hard to quantify and compare the
outcomes.
The following figure depicts the recent strengths, weaknesses, threats and opportunities of artificial intelligence for life cycle
assessment in lithium-ion batteries.
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Figure 1: Recent strengths, weaknesses, threats and opportunities of artificial intelligence for life cycle assessment in lithium-ion
batteries.

Figure 1 here portrays, the application of Artificial Intelligence (Al) technology in the Life Cycle Assessment (LCA) process of
lithium-ion batteries is explained during different stages of production, operation, and recycling of the batteries. This is because
artificial intelligence plays an important part in the following four stages of LCA process: goal and scope determination, life cycle
inventory, life cycle impact assessment, and interpretation through better data collection, predictive modeling, and decision making.
Additionally, the diagram points out some of the core advantages of LCA using Al, which include innovations, scalability, and
sustainability, while pointing out its weaknesses including poor interpretability, overfitting, lack of standard methodologies, and
dependency on data. It also indicates the threats that include data privacy issues, model uncertainty, algorithmic bias, and ethics. In
general, the diagram clearly brings out the point that Al has great capacity to change traditional LCA into an intelligent system for
making decisions regarding lithium-ion batteries life cycle.

VI. THREATS OF THE CURRENT SYSTEM

The potential risks for the use of Al to assess LIBs sustainably include data security and privacy issues, as well as algorithmic biases
and ethical concerns. On the one hand, data-intensive analysis by Al requires large amounts of data including those related to LIBs'
manufacturing, consumption, and recycling, which may be confidential business information as well as personal data of the
consumers. A data leakage would seriously affect businesses and consumers. Secondly, if the data used to train Al models through
the life cycle of LIBs turns out to be biased and partial, then this might give rise to a situation where there would be a wrong
conclusion made from such data. Moreover, such Al models would be unable to make value-based decisions where there is an issue
of ethics and environmental responsibility. It is possible that due to confusion regarding resource allocation and environmental
impact, there can arise controversy.
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VII. OPPORTUNITIES

The innovation of Al technology opens up new possibilities for assessing the sustainability of LIBs. The advancement of emerging
Al technologies and Al algorithms, especially the development of advanced algorithms like natural language processing and deep
learning, helps in automatically extracting and analyzing textual data from scientific publications, patents, and industrial reports.
These are very useful tools and methods that could help in conducting a more accurate and efficient sustainability assessment of
LIBs. At the same time, Al technology could help in continuously updating the LCA database according to the requirements of
different technologies at different times. Policies and market mechanisms created by the government and companies encourage the
use of Al to conduct LCA on LIBs. To illustrate, the Chinese government has incorporated the "Al + Initiative" into its 2024
governmental report. On the other hand, the use of Al in conducting LCA on LIBs encourages interdisciplinary cooperation. It is
important in ensuring that different areas of knowledge are considered in order to innovate LCA techniques. The use of Al in the
LCA of LIBs allows the creation of a globally uniform standardization of evaluation, which will ease transnational trade and
technological cooperation.

VIII. CONCLUSIONS AND RECOMMENDATIONS
The application of artificial intelligence technology in the sustainability assessment of LIBs can bring great possibilities for
transforming the existing process of assessing the environmental impact of batteries. Even though there are some threats that should
be faced, the opportunities created by Al-driven LCA for LIBs are quite significant. In future research, special attention should be
paid to creating the unified standards for collecting, processing, and analyzing the data throughout the whole life cycle of LIBs and
improving the quality of data. Moreover, the intersection of environmental science, data science, and engineering related to batteries
is also required. The development of open, adaptive, and robust Al algorithms is crucial for achieving this goal.
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