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ABSTRACT

The increased adoption of electric vehicles (EVs) generated a growing quantity of
retired lithium-ion batteries, with concerns over disposal and the environment.
Repurposing the batteries for energy storage and other applications presents a
sustainable solution. A number of technical, economic, and regulatory hurdles,
however, hinder the extensive adoption. The work in this paper examines battery
aging, performance limits, repurposing challenges, and second-life applications for
EV batteries. A mixed research strategy is applied, incorporating literature review,
data evaluation, and assessment of the case study to examine trends in battery aging,
capacity retention, energy efficiency, and concerns in the context of safety. The
economic feasibility as well as the environmental feasibility is also examined to
assess the feasibility of second-life application. The outcome shows the most
prominent technical hurdles in the shape of non-uniform battery performance, risks
with respect to safety, and the lack of standardization. A number of prospective
solutions in the shape of advanced battery management systems, refurbishment
process optimization, and upgraded state-of-health estimation procedures are
proposed. By overcoming the hurdles, the efficiency as well as the sustainability of
second-life EV batteries can be fostered, resulting in a circular battery economy and
global efforts towards sustainable living.
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GLOSSARY

Al — Artificial Intelligence

BMS — Battery Management Systems
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NCM - Nickel Cobalt Manganese
OEM - Original Equipment Manufacturer
OSH - Occupational Safety and Health
R&D — Research and Development
SLBs — Second-Life Batteries
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1. INTRODUCTION
1.1 BACKGROUND

The increased adoption of electric vehicles has led to a sharp spike in usage and
production of lithium-ion batteries (LIBs) for EV use and energy storage. With time,
EV batteries degrade and fall below 80% capacity (Etxandi-Santolaya, et al., 2024),
rendering them unusable for car use. This leaves a burgeoning problem with regard
to battery disposal, recycling, and repurposing. Instead of disposing of such
batteries, a better alternative is their second-life use, whereby batteries are
repurposed for use in applications other than cars such as energy storage in grids,
backup power, and use with renewable energy. By 2030, the world's capacity for
second-life batteries is estimated to stand at around 953 gigawatt hours, which
implies the growing potential and significance of this process (Statista, 2025).
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Figure I Projected SLB capacity (Statista, 2025)

Second-life batteries have a number of economic and environmental benefits. With
batteries costing nearly 40% of an EV's total cost, their reuse can avoid a significant
amount of waste, reduce costs, and bring economic gains to various stakeholders,
from vehicle owners to battery repurposes, second-life consumers (e.g., grid
operators and companies), and recyclers who extract valuable materials (Zhao, et
al., 2021). This circular economy is aligned with sustainability targets as it
minimizes resource extraction, mitigates rising demand for critical battery



materials, and reduces overall carbon footprint. Despite all these advantages,
several technical challenges hinder large-scale adoption of second-life batteries.
Battery degradation, performance variability, state-of-health (SOH) estimation,
safety issues, and a lack of standardization are significant barriers to efficient
repurposing.

Moreover, collection, supply chains, and economic feasibility for mass deployment
of second-life batteries are concerns. The paper will present such technical barriers
and present such potential solutions including advanced battery management
systems (BMS), intelligent diagnostics, refurbished process improvements, and
innovative solid-state battery technologies (Shahjalal, et al., 2022). By resolving
such technology barriers, utilization of second-life batteries can optimize energy
storage systems, maintain sustainability, and support transition towards a circular
battery economy. The overview seeks to present a critical assessment of barriers as
well as pragmatic solutions for the optimal utilization of second-life batteries in EV
applications.

1.2 AIM AND OBJECTIVES OF THE STUDY
AIM

The aim of this project is to investigate the technical issues and solutions in the
maximum utilization of second life batteries for EV

OBJECTIVES

1. To identify the most critical technical problems hindering the application of
second-life EV batteries.

2. To assess effective means for improving battery performance, safety, and
efficiency.

3. Researching new technologies and processes for the refurbishment and
repurposing of batteries.

4. In order to assess whether second-life applications for batteries are
environmentally and economically sustainable.

1.3 PROBLEM STATEMENT

The greater adoption of electric cars has led to an increased number of retired
batteries, and there are concerns for their disposal and environmental impact.
Second-life use is a sustainable option, but performance deterioration, safety issues,
and economic viability stand in the way of their large-scale usage. Efficient testing
of batteries, refurbishment processes, and optimized supply chain logistics are
crucial for realizing their full potential for reuse. This paper consolidates



technological challenges and proposes possible solutions for maximizing the
efficiency and sustainability of second-life EV batteries.

1.4 RESEARCH QUESTIONS

The following are research questions in alignment with the research purpose:

1. What are the most important technical challenges affecting utilization of second-
life EV batteries?

2. What are the measures for improving battery performance, safety, and efficiency?

3. What are the new technologies and processes for repurposing and refurbishment
of batteries?

4. Are second-life applications for batteries are environmentally and economically
viable?

1.5 LIMITATIONS

The use of second-life batteries in EV applications is hampered by several
limitations that should be addressed for effective implementation.

Battery Degradation and Performance Variability

Regulatory and Policy Constraints

Economic Viability

State-of-Health (SOH) Estimation Challenges

Logistical and Supply Chain Barriers

Limited Data and Real-World Testing

Safety Concerns

Standardization Issues

Figure 2 Limitations (Source: self-created)

One is battery degradation and variability in performance, with aged batteries
displaying inconsistent behaviour in aging, making them difficult to forecast in
terms of their efficiency over a prolonged period. Another is precise state-of-health
(SOH) estimation, with advanced measurement techniques required to assess
repurposed battery residual capacity and viability. Financial viability in repurposing
and utilizing second-life batteries is a concern, with costs possibly being more than
advantages in contrast to new battery technologies. Additionally, safety concerns,



such as aging effects, structural faults, and thermal runaway, necessitate robust
monitoring and control systems to prevent any risks. Another major problem is the
deficiency of standardization in the testing, repurposing, and integration of
batteries, which slows mass adoption and commercialization.

1.6 INDIVIDUAL RESPONSIBILITY

Specific tasks are allocated to each student including reviewing the literature, data
analysis, and evaluation of the case study. Teamwork ensures comprehensive
research with each member focusing on each chapter. So, the work was done by the
contribution of both Abaneesh and Amal. 60 percent of the literature review was
done by Abaneesh, 60 percent of the methodology was done by Amal. Both
members collaborated on structuring the report, reviewing results, and ensuring
alignment with the project objectives and research questions.

Apart from the method and literature review, each member made specific
contributions in the rest of the major parts of the report. Abaneesh made valuable
contributions to the introduction's background and problem statement, and Amal
contributed to the development of the aim, objectives, and questions. Both members
contributed collectively to the results and discussions chapters, making sure the
information was properly interpreted and connected to the objectives of the study.
Future recommendations, the conclusion, and the critical review were constructed
collaboratively, with Abaneesh and Amal contributing to the summary of findings,
suggesting the next steps, and an evaluation of the entire project activities. This
level of division of labour made sure the report had coherence and intellectual depth
across every chapter.

1.7 STUDY ENVIRONMENT

The Study environment involved experimental analysis, case studies, and literature
reviews on the performance of second-life batteries made up the data collection.
The work was conducted in a controlled environment with access to advanced
research sources.

The study utilized credible resources, with the inclusion of scholarly study websites,
peer-reviewed articles, books, and recognized news organizations. Each publication
was reviewed with attention to relevance as well as credibility in relation to the
performance of second-life batteries. Cross-checked sources were used to confirm
the results and preserve the validity of the study. This method offered a balanced
perspective based on the latest available information.



2. METHODOLOGY
2.1 REVIEW OF LITERATURE

The study initially begins with performing a comprehensive literature review
exploring the topics, Electric vehicles, Secondary life battery, Degradation and
performance of retired EV batteries, challenges in repurposing EV batteries, its
applications and a exploration on the previous studies.

2.2 ALTERNATIVE METHODS

There are several ways to evaluate the performance and aging of second-life EV
batteries. Experimental tests in the lab are one of them, whereby the old EV batteries
are subjected to controlled charge/discharge cycles in order to monitor capacity
retention, loss in efficiency, and thermal behaviour. Although the data generated by
this method is precise, it is resource- and time-consuming. Simulation and
modelling is the second method, whereby computer-based models replicate the
aging of the battery and its performance at different operating conditions (Sengér
& Hayes, 2024). While cost-effective, the simulation may not always reflect real-
world conditions. Another choice is field tests and real-world application case
studies, whereby second-life battery performance is analysed in real-world
applications such as energy storage systems and backup power. The approach
provides real-world experience but lacks controlled conditions in which to perform
in-depth analysis. Lastly, survey and market research involves gathering qualitative
data from industry experts, manufacturers, and end-users for the economic and
environmental feasibility of second-life batteries. While valuable in understanding
the opinions of the industry, the approach is derived from subjective opinions rather
than technical data. A combination of these approaches can give a more complete
understanding of battery degradation and second-life performance.

2.3 CHOSEN METHODOLOGY FOR THIS PROJECT

In this research, a hybrid approach is followed by combining literature review, data
analysis, and evaluation of the case study. A broad literature review is performed
in the beginning, analysing academic journals, technical reports, and white papers
in the industry to determine the most significant technical problems, degradation
mechanisms, and second-life EV battery solutions. Next, data gathered through
research experiments is incorporated by reviewing existing lab-based research in
the fields of battery aging, capacity loss, and cycle life in order to gain knowledge
about trends in degradation. Case study assessment is also performed, with the
focus being placed on real-world application of second-life batteries for energy
storage, microgrids, and industrial backup power in order to ascertain their viability.



Lastly, economic and environmental assessment is performed through the review
of reports discussing the cost-benefit aspects of second-life battery utilization,
including lifecycle emissions, economic viability, and regulatory aspects. This
multi-faceted approach ensures a comprehensive understanding of the technical as
well as the economic aspects of repurposing EV batteries.

2.4 PREPARATIONS AND DATA COLLECTION

To maintain the validity and exhaustiveness of the research, a structured and
systematic approach to collecting data was employed. Secondary data were
predominantly used, with an emphasis placed on peer-reviewed articles,
government reports, industry whitepapers, and reputable automotive industry
reports. These were selected on the basis of relevance, validity, and recency to
guarantee the data accurately represented the contemporary technology and
regulations of electric vehicle battery repurposing. prep work entailed the selection
of major thematic areas surrounding second-life EV batteries, ranging from battery
degradation to performance criteria and application suitability. A top weightage was
accorded to literature and information regarding the performance of retired lithium-
ion batteries, with special emphasis laid on criteria such as capacity retention, cycle
life, energy and power efficiency, and thermal stability. These criteria were utilized
to evaluate the overall health and soundness of batteries destined for secondary
uses. After the technical evaluation, the research went on to carry out a comparative
analysis of second life uses, investigating the viability and economic feasibility of
different applications. These encompassed energy storage systems for the grid,
backup power supplies in commercial or household installations, and off-grid
electricity supply to distant or underserved communities. Technical compatibility,
scalability, economic feasibility, and environmental impact were all measured per
application.

Further, an intensive regulatory and market analysis was conducted to evaluate the
external factors affecting second-life battery installation. This involved analysing
the current government policies, safety standards, and market trends in various
regions. The study focused on the impact of regulations on handling batteries, reuse
certification, transportation, and environmental compliance, providing insights into
potential barriers and drivers of large-scale adaptation. Through the convergence of
these various streams of data application analysis, technical performance, and
regulatory evaluation the research provides a balanced perspective on the second-
life potential of EV batteries. The methodical approach not only validates the results
but also forms a sound basis for suggesting realistic and sustainable second-life
battery applications.



3. LITERATURE REVIEW
3.1 ELECTRIC VEHICLES

The advancements in EVs, driven by improvements in battery technology and
stricter government efficiency and air quality standards, have made EVs the key
strategy for reducing greenhouse gas emissions, local air pollution, and vehicle
noise (Coftman, 2016). EVs reduce or eliminate gasoline or diesel consumption by
integrating with the power grid. BEVs, or all-electric vehicles, are powered solely
by electricity, with a large traction battery pack powering an electric motor (US
Department of energy , 2024). Instead, they must be charged with an electric vehicle
supply equipment (EVSE), resulting in a cleaner, and more sustainable
transportation system.

The adoption of electric vehicles (EVs) powered by renewable energy drastically
mitigates greenhouse gas emissions and enhances air quality, with great benefits for
the climate as well as for people's health. Deployment of EVs reduces the use of
fossil fuels and air pollution, lowering fatalities related to fine particulate matter,
especially in densely populated urban areas. Controlled charging of EVs can
prevent peak power consumption and make the grid more stable, enabling
decarbonization to go further. In addition, material efficiency measures and supply
chains can offset the environmental impact of battery production. Overall, the rapid
adoption of EVs is the most important way to achieve net-zero emissions and a
sustainable transport future (Zhu, et al., 2023).

3.2 SECONDARY LIFE BATTERY

Secondary battery, or second-life battery, is a term referring to an EV power battery
with the capability of being reused for energy storage when its original capacity
drops to 70—-80% after retirement from an electric vehicle (EV) (Zhu, et al., 2021).
The long-lasting electric vehicle batteries will at some point in time wear out.
Several electric vehicle makers are offering 8-year/100,000-mile battery warranties
(Song, et al., 2024)Climate is just one of the variables influencing the life of the
battery; others are driving and charging behaviour, battery cell design and
chemistry, and the vehicle-battery-environment thermal system (US department of
energy , 2025).
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Figure 3 Lifetime of EV (Song, et al., 2024)

The life of an EV battery consists of three phases: the first life phase, during which
the battery powers an EV with a capacity retention ratio between 100% and 80%;
the second life phase, during which it is reused for energy storage when the capacity
is less than 80%; and the phase of recycling, when the ratio of energy retention is
less than 30% and the battery is decomposed. The application of second-life
batteries offers enormous benefits in the fields of sustainability, cost savings, and
flexibility. They guarantee energy conservation through reuse and recycling, reduce
the overall cost of power batteries by extending the life of the battery, and offer
flexible power control for various energy storage applications. Second-life batteries
have diverse applications, including power smoothing for renewable power
systems, in which they guarantee the stabilization of the fluctuation of wind power
and solar power, enabling effective power storage and release. They are employed
in commercial charging stations for affordable selling of electricity through taking
part in the market bidding using the peak-valley price of the power. Second-life
batteries are also employed as backup power for important infrastructures like
hospitals, data centres, and microgrids for reliable supply of power in case there
occurs a power blackout or a power shortage. Further, second-life batteries provide
ancillary power services to the power system in the form of frequency support,
inertia support, and voltage support that ensures the stable supply of the power. In
addition to this, second-life batteries are a major catalyst in promoting the
integration of renewable power, lowering the reliance on conventional power



systems, and ensuring maximum efficiency and sustainability of the power systems
(Song, et al., 2024).

3.3 DEGRADATION AND PERFORMANCE OF RETIRED EV
BATTERIES

Degradation of retired EV batteries is primarily controlled by capacity loss and
increasing internal resistance, which have a significant impact on overall efficiency.
Divergence in performance between various batteries packs points towards the
requirement of rigorous tests to ascertain their suitability for second-life operations.
Understanding power behaviour and energy feasibility for storage is significant in
ensuring maximum reuse. Having accurate capacity testing protocols ensures
reliability in performance assessment. All these points finally determine the cost-
effectiveness and feasibility of repurposing retired EV batteries for other energy
storage purposes (Zhang, et al., 2020).

Degradation of retired EV batteries is dominated by capacity reduction and the
growth of inner resistance, greatly affecting overall efficiency. Differences in
performance among different battery packs create a requirement for intensive
testing to determine suitability for second-life operations. Power behaviour and
energy feasibility for storage are of utmost importance to maximize reuse. Strict
capacity test procedures are the key to confident performance evaluation, eventually
leading to the cost-effectiveness and feasibility of reusing retired EV batteries for
secondary energy storage.

At the end of their initial life, EV batteries undergo a series of degradation
processes. Capacity fade, usually a result of the growth of the solid electrolyte
interphase (SEI) layer and the loss of active lithium, decreases the energy storage
capacity of the battery (Yang, et al., 2018). Concurrently, the internal resistance
increases, mainly owing to electrode degradation and electrolyte decomposition,
resulting in reduced power output and efficiency. These degradation mechanisms
are accelerated by conditions such as high temperature, deep discharge cycling, and
accelerated charge rates. High operating temperature, for instance, hastens SEI
layer growth, whereas the repeated deep discharge results in increased electrode
wear. Knowledge of these processes plays a crucial role to evaluate the remaining
life of batteries and for them to be deemed fit for second life applications (Zhu, et
al., 2021). Controlling the degradation using advanced diagnostic tools and
maintaining optimal operating conditions can delay degradation, improving the
feasibility of repurposed EV batteries for energy storage applications.



3.4 CHALLENGES IN REPURPOSING EV BATTERIES

Although the application of a second-life battery is a promising energy storage
technology for future power systems, there are a number of technical barriers owing
to the degradation in performance of the EV battery after long usage, which can be
described as:

e The limited amount of historical data stored in the battery management
system restricted to the original equipment manufacturer, which prevents
other stakeholders from Utilizing precious information about the history of
the battery

e Due to the wide variety of cell chemistries, shape factors for the cells, and
battery pack configurations in batteries, coupled with rapid technology
progress, life-extending circular business needs to be customized for each
battery manufacturer and evolve constantly in order to remain competitive

e Evaluation of EVB includes lengthy tests which are complex in nature and
prognosis algorithms for the assessment of battery state of health, safety,
and remaining useful lifetime (Vullum-Bruer, et al., 2024).

e Reliability and safety: During the long-term operation of the second-life
battery system, which can destroy the thermal balance of the battery and
cause risks and hazards. Thus, the reliability and safety of second-life
battery application are the most significant concerns.

Limited amount

of historical data Long test process Reliablity

Inhomogeneity Strategy for data

of the battery security and
cells protection
Figure 4 Challenges in repurposing EV batteries (Source: self-created)

e Inhomogeneity of the battery cells: The inequality among the cells in the
battery pack is a critical issue. Between the cells, inequality can occur,
leading to performance differences among the cells in the battery pack.
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e Strategy for data security and protection: The utilization of data for second-
life batteries can be used to optimize the performance of the battery, extend
the battery life, predict future threats, and even support the dispatching and
management of smart grids (Song, et al., 2024).

3.5 APPLICATIONS

Retired EV batteries, although having depleted capacity, can still be utilized for
several purposes. The most significant use is grid energy storage, in which second-
life batteries stabilize the power grid by storing excess renewable energy generated
by the sun or the wind and supplying it when the demand is high (Hu, et al., 2022).
This improves energy efficiency while reducing the use of fossil fuels. The second
major application is backup power systems (Kostenko, 2025), which provide
reliable energy storage for domestic, business, or industrial use, providing a steady
power supply during power outages. Second-life batteries also play a critical role
in off-grid and rural electrification, supplying power to areas with no or limited
conventional power supply (Falk, et al., 2020).

Moreover, EV charging stations utilize recycled batteries as energy storage for rapid
charging, reducing peak loads in the grid, and improving charging infrastructure
sustainability (Deng, et al., 2021). In the industrial and business segments, second-
life batteries are used in warehouses, telecommunication towers, and factories,
optimizing energy utilization and reducing the cost of operations. These uses, apart
from extending the life of EV batteries, also promote environmental sustainability
through the avoidance of wastage of the battery, reducing carbon footprint, and
limiting the consumption of new raw materials.

3.6 PREVIOUS STUDIES

(Akram & Abdul-Kader, 2024) provides potential solutions for optimizing the
deployment of SLBs in EV powered second-life applications. One major obstacle
is the low recycling efficiency, given that the recycling methods for LIBs are still
relatively new and usually involve a lot of energy input.

Battery design and composition currently lack standardisation, which makes
recycling less energy efficient in addition to raising costs. The solution: upgrading
recycling systems along with standardizing battery layouts to streamline and cost-
effectively facilitate the recycling path [However, another important challenge is
the possible leakage of toxic chemicals when LIBs are repurposed or disposed.
Electrolytes used in batteries can undergo thermal runaway, a process in which
batteries release toxic gases like carbon monoxide, methane, and hydrogen
cyanide, which can kill humans and pose ecological risks. These threats can be
minimised with safe practices, sophisticated monitoring frameworks, and robust
regulatory standards.
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Figure 5 Battery applications at different levels (Akram & Abdul-Kader, 2024)

Newer BMS and real-time tracking of particular battery conditions may greatly
diminish the odds of dangerous emissions and enhance safety on second life uses
Battery degradation and performance unpredictability pose significant challenges
as well. Second-life applications can use thirty-five to forty-five percent of the
remaining energy, depending on state of health (SOH) of individual batteries (SOH)
once the batteries have reached the end of their automotive life. This requires
batteries to be exhaustively tested, categorized and sorted before reuse. Advanced
state-of-health (SOH) estimation techniques, machine learning models, and
artificial intelligence (Al)-driven diagnostic tools could be important to accurately
calculate the condition of the battery and second-life utilizations of batteries. And
the technical challenges posed by thermal instability still need to be solved. Used
batteries that experience capacity fade are also more susceptible to overheating and
become less efficient.

(Salek, et al., 2024) discusses technical problems and resolutions for the optimal
employment of second-life batteries (SLBs) in electric vehicles (EVSs) in the areas
of refining the reliability and management of the battery in the long term are the
subjects of discussion in this paper. Uncertain history in the sense of degradation is
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one such issue in the sense that the latter originate in different EVs with different
usage patterns. In response to this, electrochemical impedance spectroscopy (EIS)
tests supply important information about history in the sense of degradation by
investigating the solid electrolyte interface and diffusion layers' condition.
Estimation of performance in the SLB accurately is one other important issue in the
sense that conventional empirical methods require time-consuming and costly lab
tests. In response to this, equivalent-circuit models with 2RCs and 3RCs have been
successful in performance modelling with high accuracy. Besides, electrochemical
models are more likely to predict calendar aging mechanisms than empirical
methods since they provide more accurate information about performance with
minimal extensive tests

Furthermore, lack of standard cycle-aging test profiles for SLB creates uncertainties
in predicting lifespan in second-life applications. Most tests rely on accelerated-
aging test profiles, which, even though time-efficient, do not mimic real-world use
patterns. A better method includes designing test profiles for cycle-aging in terms
of real application use, utilizing synthetic loads that mimic real use patterns. This
ensures that SLB gets tested and optimized for specific applications such as
stationary energy storage or EV charging stations. Most research, however,
describes SLBs at a cell level, while in real-world applications, they exist in module
and pack forms. Disassembly of packs and modules is a time-consuming and costly
operation, and it's a tremendous challenge, indicating a gap in theoretical modelling
and experimental testing at a module and a pack level. Through these challenges
being addressed with new testing methods, Al-based analysis, and advanced
modelling, it's possible to make the second-life battery ecosystem more efficient
and reliable. Not just do these solutions enable economic and environmental
sustainability in SLBs, but they bridge the gap between theoretical studies and
practical application, enabling them to be integrated into sustainable energy systems
successfully.

(Gu, et al., 2024) Discusses significant economic and technological aspects of
second-life batteries (SLBs) as retirement of EV batteries becomes increasingly
imminent. With EV batteries having 70%—-80% of their initial capacity at retirement,
they have significant potential for use in applications with decreased energy and
power demands. However, because of decreased performance of spent batteries, a
careful analysis both from safety and economic perspectives is critical for recycling.
The study starts by reviewing a number of degradation models developed for first-
life batteries and identifies an opportunity to integrate physics-based theory with
data-driven methods. This would make more explainable and more generalizable
models based on physical laws. However, authors identify that degradation models

13



developed particularly for SLBs are not yet available. In an attempt to bridge this
gap, authors analyse the potential application of first-life battery degradation
models in second life uses.

The research then delves into handling retired batteries with an emphasis on
regrouping standards for variation among cells. The research gives a step-by-step
classification process for the first time that has been developed to enhance both
performance and safety in SLBs. Secondly, authors conduct a detailed economic
analysis and identify lucrative opportunities where SLBs can be effectively used.
Finally, the research investigates power electronics technologies that can be
employed in enhancing performance in SLBs. Key developments include energy
transformation technologies with high efficiency, active equalization methods, and
safety improvement. In handling these critical issues, research provides insightful
information on maximizing performance, reliability, and cost effectiveness in SLBs
and ultimately enhancing wider use in sustainable energy.

(Kampker, et al., 2023) discusses challenges in second-life battery adoption with
particular attention to barriers that render lithium-ion battery reuse after their first
life in electrical vehicles challenging. Even though such batteries have enough
capability for other applications stationary energy storage being one such
example—second-life markets are in their infancy. The recentness of the EV sector
and battery longevity have brought many challenges that make large-scale
deployment of SLBs more challenging. In a bid to clearly define these challenges,
authors conduct a wide-ranging survey of the literature and identify and categorize
significant barriers to second-life adoption.

— Repurposing on battery pack level

Option 1 Requirement
N - I Existing Communication

BMS interface of the BMS
Option 2 Requirement

EXiSﬁﬂg Gateway is provided
i g Cateway g oy o by the OEM

— Repurposing on battery module level

Option 3 Requirement
AT Development of
= G~ — === === === lg]:;:; a new BMS, using

battery cell controller

Figure 6 Repurposing options depending on the BMS communication (Kampker; et al., 2023)
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The research highlights five primary areas where barriers are found to be present in
the form of end-of-first-life, collection and transportation, screening, processability,
and economic viability. In addition to these major barriers, legal and regulatory
matters are found to be most frequently cited as being a point of concern in this
sector and are a testament to the need for clearly defined policies and
standardization in the second-life battery market. Along with these major
hindrances, stakeholder management and data security concerns are also brought to
the fore by the study, though at times understated in the feasibility of SLB
applications. A major conclusion of this review is that it is a challenging task to
handle end-of-life (EoL) batteries due to their inherent diversity. Differences in cell
chemistry, system design, user behaviour, operational conditions, and market exit
dates introduce significant uncertainty in both quality and performance of second-
life batteries. Additionally, the economic viability of SLBs is in doubt because they
have to compete with new battery systems that are backed by ongoing cost
reduction. Since every second-life battery has a unique remaining service life and
energy capability, system integrators have varying investment costs and hence
cannot have a universally viable business model. In order to counter these
challenges, expert interviews are recommended by the research to be conducted
next in order to confirm identified barriers from an industry perspective. With real-
world information being included in research, researchers are in a better position to
refine their conception of challenges and come up with targeted solutions.
Ultimately, this research is a starting point for future research that aims to overcome
technical, economic, and regulatory barriers to widespread adoption of second-life
batteries.

(Borner, et al., 2022) addresses the application of second-life batteries (SLBs) as a
sustainable solution to extend battery life, save costs, and improve resource
efficiency. While a growing number of retired batteries from electrical vehicles is
a promising avenue for recycling and applying them in stationary energy storage
systems, challenges have to be addressed in order for SLBs to be applied on a large
scale. These are safety and reliability concerns, availability of appropriate used
batteries, and a lack of standardized testing and certification. The study examines
these challenges and advocates for regulatory systems, better battery diagnostics,
and cooperation between industries in developing a sustainable second-life market.

A major challenge in recycling EV batteries for stationary application is making
them reliable and safe. Although such applications have lower energy and power
density demands than mobility use, strict safety standards are still needed to
mitigate risks from aging. The authors identify that standardized testing and
approval standards must be in place to ensure that reused batteries meet safety and
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performance standards. Procurement of used batteries for use in a second life is not
as straightforward as one would hope. A large percentage of EV batteries will be in
use by second or third owners in transportation until their true end of life, limiting
availability for stationary storage. Manufacturers of SLBs are frequently competing
with used vehicles and may have to procure entire vehicles in order to gain access
to the battery alone and therefore make it economically and environmentally
unfeasible. The research suggests that collaboration with commercial EV
manufacturers—trucks and buses being examples—could be a more reliable source
of batteries with sufficient remaining life.

Another major barrier is that only direct collaboration between automobile makers
and producers of second-life storage systems presently facilitate access to essential
information on battery design, material content and software functionality.
Expanding data-sharing legislation beyond present European Commission
regulations would facilitate a more open market and allow for second-life uptake.
The research further suggests that there is a requirement for holistic multi-life
battery system design where batteries are designed from the outset to be used in
multiple applications. This requires innovative engineering approaches and new
business models that optimize battery use throughout its life. Ultimately, this
research provides a comprehensive picture of the most critical challenges that are
hindering second-life business models. It points out that standardized regulations
must be formulated, battery diagnostics must be improved and that there is a
requirement for cooperation between industries in a bid to harness the full potential
of SLBs. In future research, authors plan to explore pricing and business models in
a bid to further identify cost feasibility of second-life storage solutions.

3.7 Summary of literature review:

Electric vehicles (EVs) play a key role in minimizing emissions and air pollution
with the support of enhanced battery technology. EV batteries can be repurposed as
second-life batteries (SLBs) for energy storage when they reach 70-80% capacity.
SLBs provide economic, sustainable solutions for the grid, backup applications, and
electrification of remote areas. The potential limitations are related to security
issues, the unavailability of standardised information, variability in chemistries, and
test complexity. Precise performance measurement and battery management
guarantee safe/dependable reuse. EV charging stations and industrial energy storage
are additional potential applications. Resource efficiency and environmental impact
are both increased by the use of SLBs.

Current research emphasizes the major issues and solutions for the deployment of
second-life batteries (SLBs) from EVs. These major concerns are low efficiency in
recycling, absence of standardization, safety concerns, and battery performance and
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health uncertainty. Improved diagnostics, Al software, and real-world tests are
suggested to enhance the accuracy and safety. High processing costs, uncertain
lifespan, and rivalry with new batteries hinder economic feasibility. Policy gaps and
limited information sharing further delay the take-off of SLBs. Cooperative
relationships among automakers, researchers, and policymakers are a prerequisite.
Innovative battery designs and new business models can enable scalable and
sustainable markets for SLBs.

4 RESULTS

4.1 EXPERIMENTAL RESULTS

4.1.1 Technical challenges affecting utilization of second life EV batteries

The experimental part of the study was conducted through comprehensive
examination and comparative evaluation of secondary data taken largely from peer-
reviewed journals, industry reports, and technical case studies. The aim was to
incorporate real-world results and observed trends related to the degradation,
performance, and repurposing challenges of second-life EV batteries. The
laboratory-based tests and experimental review of the literature presented several
recurring trends. A key finding was the decline in the capacity of used EV batteries.
There was common agreement in the majority of studies that after the first-life use
in vehicles, packs of batteries would retain 70% to 80% of their original capacity
(Etxandi-Santolaya, et al., 2024). Such capacity, although not satisfactory for EV
use, was found to be adequate for less power-hungry applications such as stationary
energy storage and backup systems.

4.1.2 Measures for battery performance safety, and efficiency improvement.

In the controlled laboratory conditions, aging was simulated by using
charge/discharge cycling and it was routinely proved that second-life batteries
operated consistently between 1,000 to 3,000 charge/discharge cycles depending on
the chemistry and original application (Zhao, et al., 2021). One specific experiment
of the information reviewed made use of thermal stress testing, wherein second-life
lithium-ion battery modules were charged up with a high load under various
ambient conditions. Outcomes showed that batteries originating in temperate
environments possessed better thermal stability and reduced heat-induced failures
compared to high-heat or extreme cold environment-sourced batteries (Zhang, et
al., 2023). This added emphasis to the significance of exposure to the environment
for second-life reliability prediction. Measurement performance in the form of
energy efficiency or coulombic efficiency was examined across several datasets.
Typical second-life lithium-ion batteries showed coulombic efficiencies higher than
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90%, while some high-grade cells scored as high as 95%, showing that despite their
lower capacity, the batteries still efficiently transferred the energy. Power efficiency
was lower in most cases compared to new batteries due to internal resistance
buildup but decreased by only 15-25% in most cases (Alj, et al., 2021).

The batteries last 1000 to 3000 cycles with over 90 percent
enrgy efficiency

Key challenges

*No standards
*Uneven aging
*Recycling issues

BMS boosts battery life by 25 to 30 percent and also
improves safety

Temperate cimate batteries perform better under heat stress

SLBs retain nearly 80 percent capacity , which is ideal for
low power uses.

Figure 7 Results

In modules that have not earlier undergone pre-testing or rebalancing for use, the
decrease was even lesser. Real application case studies showed interesting results.
For instance, the Nissan-Renault initiative for recycling EV batteries to power
European off-grid streetlights recorded good reliability as well as user acceptability.
The system recorded 98% uptime for 18 months requiring low maintenance.
Second-life batteries utilized in Indian solar storage programs also showed good
load balancing in peak conditions as well as good energy arbitrage but higher in
maintenance due to varied module quality.

The application of second-life batteries (SLBs) in electric vehicles (EVs)
encompasses a multifaceted range of technical challenges. The most serious of these
include battery degradation of the SLBs, uncertainty in their performance, and
safety hazards due to the leakage of toxic chemicals and heat sensitivity.

4.1.3 New technologies and processes for repurposing and refurbishment of

batteries

With the recycling of SLBs, there exists the challenge of having to accurate state-
of-health (SOH) estimation techniques in the form of Al-based diagnosis tools and
machine algorithms becomes imperative to assure their efficiency and safety
(Akram & Abdul-Kader, 2024) . Apart from that, a lack of standardization and
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inconsistency in the designs of the battery hinder recycling efficiency, and as a
result, recycling and reuse of the batteries becomes an expensive process (Gu, et al.,
2024). SLB performance estimation also becomes a challenge because traditional
tests not only cost less but also consume a lot of time, which makes the
improvement in the techniques of modeling in the form of electrochemical
impedance spectroscopy a requirement. Furthermore, the lack of standard tests for
aging makes the estimation in second life use even more complex (Salek, et al.,
2024). These challenges must be overcome through new tests, improved
diagnostics, as well as stringent safety standards (Borner, et al., 2022).

4.1.4 Environmental and Economic viability of second life applications

Akey finding was decline in capacity ofused EV batteries. Their economic viability
also remains a subject of debate as SLBs need to contend with new batteries in a
rapidly transforming sector (Kampker, et al., 2023). Addressing these issues
through technological advancement or through regulation remains the key to
unlocking the mass installation of SLBs in EV systems.

In addition, battery management systems (BMS) also became a strong experimental
factor. BMS retrofitting in second-life use showed robust effects on performance
and safety. The systems that had advanced BMS reported having 25-30% more life
while offering better thermal management compared to the old or passive system-
fitted vehicles. Experimental evidence continuously supported the need for using
BMS tailored for second-life use. Lastly, economic performance in test case studies
manifested as a reduction in upfront costs by up to 40% in contrast to new battery
energy storage systems (BESS). However, Levelized Cost of Storage (LCOS) was
very much application-type, location, and initial state of health (SOH)-dependent
for the recovered batteries. Batteries in excess of 75% SOH yielded the maximum
return on investment. In brief, experimental results strongly corroborate the
technical viability of second-life batteries in less demanding applications. However,
there are challenges in the form of inhomogeneous degradation, a lack of
standardization, and heat management that must be overcome to enable increased
deployment (Gabbar, et al., 2021).
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5 DISCUSSION

The mass deployment of electric vehicles (EVs) in the world has raised the question
of what to do with the retired lithium-ion batteries. When the life of the batteries
comes to an end for use in automotive applications, recycling them for secondary
purposes turns out to be a sustainable approach that has economic as well as
environmental benefits. The next section describes the different aspects of second-
life EV batteries in the context of their viability, issues, and potential in their
different applications.

The application of second-life batteries (SLBs) in electric vehicles (EVs) is
contentious and highlights the primary hindrance to its adoption. Unpredictability
in battery performance due to battery aging, safety risks in the form of leakage of
toxic substances and thermal instability are core areas of concern in the field
(Akram & Abdul-Kader, 2024). Non-standardization of battery configurations and
test protocols also discourages recycling and makes the use of SLB less cost-
competitive and scalable (Gu, et al., 2024). Although Al-based diagnosis platforms
and advanced modelling algorithms promise solutions to reliable estimation of the
state of health (SOH) of the battery (Salek, et al., 2024), the lack of a standard test
for aging of SLBs still stifles performance prediction. Financial viability for SLBs
is also uncertain because they have to deal with enhanced and new battery
technologies gaining traction in the market (Kampker, et al., 2023). To counter these
hurdles, there should be improvement in diagnostics of the battery, establishment
of standard rules to formulate legislation, and fostering inter industry coordination
to facilitate the incorporation of SLBs in sustainable systems for energy (Borner, et
al., 2022).

Economic viability of second-life EV batteries

The financial viability of second-life application of EV batteries relies on several
factors like residual capacity, refurbishment cost, and application conditions. It has
been found that cost savings of around 70 percent against new batteries are possible
in stationary energy storage systems using second-life batteries. As a result, the cost
savings are significant and make second-life batteries a good fit for energy storage
systems in regions that have high penetration of renewable power. For instance,
California-based B2U Storage Solutions already repurposed over a thousand EV
batteries into a 25 MWh solar energy storage plant (Utility dive news, 2023). Their
approach employs existing battery management systems to reduce costs of
integration and establishes the economic viability of second-life batteries for mass-
scale deployment. Similarly in India, Lohum partnered with MG Motor India to
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launch 5 kWh off-grid power storage unit using second-life EV batteries (Lohum,
2023). This initiative addresses the twin challenge of disposing of waste batteries
and power access in countries that have unreliable grid infrastructure, proving the
social and economic benefit of battery upcycling.

In addition to that, companies like Poen in South Korea lead the push for the revival
of used EV batteries. Poen recycles EV battery packs that are faulty or used,
predominantly NCM lithium-ion types, for resale at about a third of their new
battery costs. It remanufactures about 80% of the batteries that it receives and
repurposes or recycles the rest. Poen has grown rapidly to sell 3,000 battery packs
and achieve $9 million in revenue in 2023 with a 150% rate of annual increase (The
Korea economic daily , 2022). It aims to hit $100 million by 2028 and continues to
expand through new plants in Germany and the U.S. These examples demonstrate
the economic viability of second-life EV batteries and the potential for reduced
costs and new revenues in the energy storage sector.

Environmental Impact and Sustainability

Reuse of EV batteries reduces major environmental hazards associated with the
disposal of batteries and raw material extraction to a considerable extent. Second-
life applications reduce greenhouse gas emissions by some 15% in life cycle
analyses when compared to direct recycling due to a reduction in the need for the
production of new batteries and the extension of existing ones. A study in
Environmental Science & Technology identifies that recycling complete battery
packs instead of modules or cells minimizes environmental effects of processes of
disassembly and tests. Such a method makes second-life use of batteries more
sustainable in nature. Also, applications such as the use of second-life Nissan Leaf
batteries in the Amsterdam-based Johan Cruijff Arena for its power system are the
best examples of the reduced environmental effects of the efforts (Nissan, 2025).
Not only does the arena's power storage system stabilize the grid but also facilitates
the aggregation of renewable energy systems, and this helps in reducing the
emissions of carbon.

Moreover, recycling EV batteries is important for global sustainability. Recycling
older batteries reduces e-waste and conserves valuable materials like lithium,
cobalt, and nickel. As we move towards 2026, adopting the circular economy
becomes critical in lowering the environmental impact of EV adoption. Direct reuse
of the battery directly enhances EV adoption by bridging major economic barriers
in cost of the battery and residual value. EV battery remanufacturing from potential
e-waste to valuable storage of energy essentially spreads the cost of production in
the form of a longer revenue flow. Companies and clients are hence able to derive
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economic value out of batteries that would have gone to waste, offering a
compelling cost of ownership proposition to future EV buyers (Majid, et al., 2024).

Technical Challenges and Considerations

Despite the advantages, several technical challenges limit the mass application of
second-life EV batteries. These include:

Performance
Degradation

Figure 8 Technical Challenges and Considerations (Source: self-created)

+ Performance Degradation: Batteries lose their capacity to carry a charge and
experience internal resistance rise over a matter of time, impacting their
efficiency and reliability for use in second life.

+ Regulatory Issues: There can be a challenge to transportation, storage, and
deployment of second-life batteries in geographical areas that have
inconsistent regulation.

e

%

Issues of Standardization: There are no established protocols to review
batteries and incorporate them into service, which makes repurposing
problematic and continues to have high costs and possible safety hazards
(Salek, et al., 2024).
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These challenges require concerted effort in developing standard test protocols,
regulation standards, and investment in diagnostics and refurbishment to enhance
battery diagnostics and refurbishment techniques. For instance, the advancement in
artificial intelligence (AI) and machine learning is pushing diagnostics towards
swift battery tests to make refurbishment cheaper and scalable. Further, companies
like Redwood Materials, founded by Tesla co-founder JB Straubel, are leading the
charge in creating a sustainable battery supply chain through the recycling of
lithium-ion batteries. Recycling end-of-life batteries to recover Cathode Active
Material (CAM), the organization is eliminating the environmental and logistics
headaches of sourcing battery material. CAM, a metal alloy of lithium, nickel,
manganese, and cobalt, also referred to as the "new black gold," serves as a critical
component in the manufacture of electric vehicles (EVs). Redwood recycles over
70% of North America's lithium-ion batteries and will manufacture 100 GWh of
CAM annually by 2026—enough to support 1.3 million EVs. The closed-loop
methodology recovers 98% of critical minerals, reducing emissions and the need
for global supply chains (Salek, et al., 2024).

Future Outlook and Recommendations

Figure 9 Future Outlook and Recommendations (Source: self-created)
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The future of EV second-life batteries appears to be promising, as there are several
strategies that will make second-life batteries increasingly viable:

% Technology Upgrades: Investments in the use of battery management
systems and diagnostic tools will improve the assessment and integration of
used batteries for safety and performance.

¢ Public Awareness: Public education and awareness about the benefits and
safety of second-life batteries can fuel acceptance and demand (Gharebaghi,
et al., 2024).

¢ Industrial Cooperation: Cooperation between car manufacturers, power
firms, and recycling firms streamlines the supply chain- from picking up the
batteries to recycling and deployment.

¢ Policy Support: Governments should facilitate the establishment of the

second-life battery market through incentives, subsidies, and well-defined

rules and regulations. For instance, India's Battery Waste Management

Rules that became effective in 2022 have imposed extended producer

responsibility whereby the manufacturers of the batteries have to recycle or

refurbish the waste batteries responsibly (Gautam & Bolia, 2024).

In conclusion, despite the hurdles, the economic and environmental benefits of
second-life EV batteries demonstrate the potential for these to be a sustainable
source in the energy sector. It is through continued research, positive policy-
making, and collaboration between industries that this potential will be achieved.

The experimental phase of the study was dependent on a general secondary review
of data taken from peer-reviewed journals, technical reports, and industry case
studies. It was focused on evaluating the patterns of degradation, performance
capabilities, and weaknesses of second-life EV batteries. Among the core
conclusions of a number of studies was the capacity decline after first-life use—
several batteries retained 70-80% capacity that was not good enough for use in
electrical vehicles but was adequate for lower-energy applications in the form of
stationary power storage and backup power. Charge/discharge cycling tests in
laboratory settings showed that second-life batteries possessed a stable service life
of 1,000 to 3,000 cycles depending on the chemistry used and original application.

Thermal stress tests showed that the batteries originating in temperate regions of
the world were thermally more stable than their extreme counterparts. Coulombic
efficiencies were good, typically above 90%, indicating efficient energy transfer in
spite of poor capacity. Power efficiency went down by 15-25% because of internal
resistance buildup. Real-world applications in practical use, in the form of the
Nissan-Renault street lighting system and Indian storage case studies for solar
power, proved real-world viability but highlighted the maintenance issues of
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irregular module quality. Battery Management Systems (BMS) enhanced
performance and lifespan significantly. Overall, the findings establish the technical
viability of second-life batteries but highlight standardization, variation in decline,
and heat management.

The swift increase in the use of electric vehicles has also underscored the need for
sustainable solutions for the management of end-of-life lithium-ion batteries, as
second-life applications have both economic and environmental benefits. Second-
life batteries repurposed for use in energy storage save costs by 30-70% in
comparison to new ones. Real-life applications by entities like B2U Storage
Solutions, Lohum, and Poen demonstrate cost- and scalable second-life
applications, in addition to opening up new revenue streams. Environmental,
recycling saves emissions by extending the life of batteries as in the case of
Amsterdam's Johan Cruijff Arena. Technically, challenges do exist in the form of
performance decline, non-standardization, and regulation. Advances in Al
diagnostics and recycling for example by the Redwood Materials are helping to
address these by simplifying efficiency and sustainability in supply infrastructure.
In the future, investment in technological advancements, conducive government
legislation and regulation for example the India Battery Waste Management Rules
are key to the resolution of these. Public education and consciousness will also have
a role to play. Overall, second-life EV batteries have tremendous potential as a
circular economy alternative that not only contributes to the goals of energy
transition but also enhances the economic and environmental sustainability of EV
technology.
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6. CONCLUSION

The study started off with the primary aim to delve into technical challenges and
propose potential solutions towards harnessing the maximum potential of second-
life batteries for use in electric vehicles (EVs) and other second-best purposes. A
combined approach involving comprehensive literature review, experimental data
analysis, and application evaluation through field studies was utilized in the study
that generally dealt with key technical, economic, as well as environmental aspects
involved in using second-life EV battery deployment.

Saves Field
Still usable money BMS is key success
and Planet and flaws

Figure 10 Conclusion summary chart

One of the primary conclusions of the experimental review is that second-life
batteries retain generally 70—-80% of their original capacity following their first use
in EVs. Although that is not sufficient for the rigorous performance requirements
of EV propulsion, it is best for low-power applications such as stationary energy
storage systems, backup power supply, and off-grid integration of renewables.
Controlled laboratory tests also determined that these batteries have the ability to
sustain 1,000 to 3,000 charge/discharge cycles depending on the battery chemistry
and prior use history, which renders them a technically viable candidate for
repurpose. Thermal stress tests also revealed another primary conclusion: batteries
that have previously been used in temperate climates have superior heat stability
and lower failure rates due to heat stress in comparison to products originating in
harsh weather conditions. This also establishes the importance of considering
exposure to the outdoors in a battery's first life when evaluating for a second life.
In addition to that, coulombic efficiency also proved to remain high—often more
than 90% in second-life batteries as a testament to effective delivery of the energy
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despite reduced capacity. Although power efficiency decreased due to the increase
in internal resistance, the decrease (often 15-25%) was within manageable limits,
particularly when preceded by pre-testing and rebalancing before redeployment.

Battery Management Systems (BMS) emerged as a key performance driver.
Optimized second-life BMS enhanced battery life by 25-30% and provided
improved thermal and safety management. This very much also argues the case for
intelligent monitoring and controlling technologies as standard practice in second-
life battery systems. Case studies of the likes of the Nissan-Renault off-grid streets
lighting project in Europe and India's solar storage project demonstrated both the
potential and the pitfalls of real-world second-life deployments in the field. While
these systems showed high levels of reliability and cost-effectiveness, their
performance was also marked by working challenges due to irregular module
quality as a result of lacking sorting and standardization procedures. In economic
and environmental terms, the study showed that second-life batteries offer
tremendous benefits. Second-life batteries achieved savings of 30-70% on new
battery systems in addition to a major reduction in life-cycle greenhouse gas
emissions. Initiatives of the likes of those designed by B2U Storage Solutions,
Lohum, and Poen are only representative of the way that new business models and
economic opportunities can be built through second-life batteries as well as serious
sustainability challenges overcome through extending the useful life of the lithium-
ion battery. But there are still hurdles to clear. These include irregular battery aging,
the lack of standard test processes, regional regulation inconsistency and low
knowledge among consumers. These need cross-industry collaboration, R&D
investment and assertive government policy leadership to address. Encouraging
innovations in Al-based battery analysis and closed-loop recycling technologies in
the form of those being worked on by the likes of Redwood Materials are all headed
in the right direction and have the means in which to drive forward scalability and
supply chain efficiency.

In conclusion, this work confirms that second-life EV batteries offer a technically
and economically viable path toward sustainable storage. With the right approach
advanced diagnostics, adequate regulation, focused BMS development, and
extensive public involvement their mass deployment can make a considerable
contribution to the circular economy and the worldwide transition to a new-energy
paradigm.

27



7 FUTURE STUDIES and RECOMMENDATIONS

To support the expansion and use of second-life EV batteries in the future, future
work must tackle several key areas. First, there must be the development of standard
tests and diagnostic processes for assessing the condition and performance of the
batteries so that there will be consistency in quality across different sources.
Integration of artificial intelligence and machine learning has the potential to
significantly boost battery monitoring, predictive maintenance, and life-cycle
estimation. In addition, detailed studies of degradation behaviour in diverse
chemistries and conditions can lead to more accurate aging models. Thermal
management is a challenge; hence advanced cooling system studies for second-life
specific use must be investigated. Economic and policy analysis, cost-benefit
analysis, and policy regulation can do a better job to frame investment and
government support approaches. Hybrid repurposing-recycling approaches will
also maximize the efficiency of the use of the material. Further work should also
look into the use of second-life batteries in renewable power and grid systems so
that storage capacity and versatility can be enhanced. Public engagement and
consumer behaviour will also be required for mass appeal. Finally, sustainable
module designs and life-cycle environmental assessments will ensure that second-
life contributions are substantial for a circular economy. These areas of study
collectively will help to unlock the maximum potential of second-life EV batteries
in markets across the globe.
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8 CRITICAL REVIEW

This study on the technical challenges and solutions for maximizing the use of
second-life EV batteries offers a comprehensive and relevant study of a new
discipline in the context of energy sustainability. Ethically and environmentally, the
study concurs with circular economy philosophy through promotion of battery
reuse, minimization of e-waste, and savings in raw material extractions. These
efforts address pressing climate challenges and evidence a socially conscious
approach to the utilization of resources. Socially, the application of second-life
batteries for off-grid or developing nations' use (like India's use for solar storage)
encapsulates positive social contributions through the expansion of the availability
of energy as well as compliance to sustainable developmental goals. Economically,
the study identifies considerable cost savings up to 70% for new batteries, which
makes the storage of energy affordable. However, economic viability highly
depends on homogenous quality of batteries, initial state-of-health, and
standardization, which are still relatively nascent areas of improvement.
Occupational safety and health (OSH) aspects are touched upon through discussion
of battery management systems (BMS), but the study could have explored risk areas
related to handling of batteries in more depth, chemical exposure hazards, as well
as risk of thermal runaway in the process of reutilization.

As a result, while the secondary data approach enables extensive analysis, a lack of
primary experimental effort or field work is a weakness. More use of real-time
monitoring data or direct interview input from stakeholders (manufacturers,
technicians) would have brought added practical use. The methodology relying on
the review of the literature limits its ability to evaluate new or rapidly developing
technologies. The approaches utilized case study review, data trend analysis,
performance benchmarking were adequate but might benefit by coupling these with
quantitative modelling to project long-term performance and economic payback.
Overall, while the study accomplishes its aims and recognizes viable lines of
approach to second-life battery adoption, it can be made even better by enhanced
OSH focus, tighter experimental justification, and more extensive stakeholder
participation. It would then serve as a more practical guide to both policy and
business decision-making.
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