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SECOND-LIFE ELECTRIC VEHICLE BATTERIES
IN UKRAINE'S ENERGY SECTOR:
SWOT ANALYSIS AND MARKET EVALUATION

Introduction. The rapid expansion of electric vehicles (EVs) has raised pressing concerns about the disposal of
lithium-ion batteries. Their repurposing for second-life applications has offered a cost-effective and environmen-
tally sound solution, contributing to grid stability and advancing the circular economy. In the Ukrainian context,
second-life batteries have presented additional value by enhancing energy security and facilitating the integra-
tion of renewable energy sources.

Problem Statement. Despite these advantages, the large-scale deployment of second-life EV batteries in
Ukraine has faced significant technical, economic, and regulatory challenges. The absence of standardized state-
of-health assessment methods, well-defined integration strategies, and comprehensive market analysis has neces-
sitated a structured SWOT analysis.

Purpose. This study aims to evaluate the potential for deploying second-life EV batteries in Ukraine through
a SWOT analysis and to determine their suitability for grid integration and energy storage applications.

Materials and Methods. A SWOT analysis has been employed as the primary methodological framework, supp-
lemented by market assessment, regulatory review, and economic feasibility evaluation. The analysis has drawn upon
international case studies, policy documents, and empirical data on battery degradation, performance, and life-
cycle extension.
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Results. The SWOT analysis has confirmed that second-life EV batteries provide a cost-effective solution for energy storage,
grid stability, and the promotion of a circular economy. However, critical challenges have included the lack of technical standards,
uncertainties regarding operational lifespans, and regulatory deficiencies. Identified opportunities have encompassed state incen-
tives, innovative business models, and rising demand for flexible storage solutions. At the same time, threats have stemmed from
competition with next-generation battery technologies, cybersecurity risks, and market volatility. Strategic actions have been
proposed to address these challenges.

Conclusions. Second-life EV batteries have demonstrated significant potential to strengthen Ukraine’s energy security and to
support the expansion of renewable energy. Successful implementation, however, requires targeted regulatory frameworks, finan-
cial incentives, and robust management systems. Future research should focus on advanced degradation modeling, market design
mechanisms, and effective integration into the national energy system.

Keywords: second-life EV batteries, energy storage, grid integration, circular economy, energy security, renewable energy, sus-

tainability.

In recent years, transportation and power supply
sectors have become the main contributors to en-
vironmental pollution in the EU. According to the
European Environment Agency (2022), energy
supply accounted for 26% of greenhouse gas emis-
sions, while transport contributed 23% [1]. The
widespread use of internal combustion engines
exacerbates climate change risks and deteriorates
air quality, highlighting the urgency of transitio-
ning to electric vehicles (EVs) [2]. This shift is par-
ticularly critical for private cars and urban public
transport, including municipal bus fleets, service
vehicles, taxis, and delivery systems [3]. Ukraine’s
commitment to international environmental goals
reinforces the need for electrification.

By 2030, the European Commission projects that
EVs will make up half of urban transportation [4],
significantly reducing harmful emissions and noise
pollution. Similarly, Ukraine’s National Transport
Strategy aims for full electrification of municipal
transport by 2030 [5]. As of January 2023, Ukrai-
ne had 10.2 million vehicles, with 8.8 million being
passenger cars [6]. Transitioning these to EVsis ex-
pected to yield substantial environmental benefits.

The rise in EV adoption also presents opportu-
nities for secondary use of EV batteries [7]. As mo-
re EVs enter the market, a growing number of bat-
teries will reach the end of their primary automotive
life. While unsuitable for vehicles, they often re-
tain substantial capacity and can be repurposed for
energy storage applications [8—9]. This supports
environmental sustainability by reducing waste
and promoting circular economy principles.
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Ukraine has been shifting towards sustainable
energy practices, with increasing EV adoption lea-
ding to an influx of used EV batteries [10]. These
can be repurposed into various energy storage sys-
tems, providing flexible, cost-effective storage solu-
tions ahead of the 2030 target. This research evalu-
ates the feasibility of transforming used EV batteries
into sustainable storage solutions across residen-
tial, commercial, and grid-scale applications, signi-
ficantly extending their lifespan (Fig. 1) [11—12].

By integrating repurposed EV batteries into re-
newable energy infrastructure, these systems can
help stabilize the grid, reduce dependence on fos-
sil fuels, and enhance energy resilience. Successful
large-scale deployment of second-life batteries in
Ukraine will require collaboration among poli-
cymakers, industry, and researchers to develop
standardized regulations, investment incentives,
and technology adaptation strategies for repur-
posed batteries.

Numerous studies have explored the potential
of second-life EV batteries within the framework
of the circular economy, emphasizing their role in
extending battery lifespans, reducing waste, and
decreasing reliance on raw material extraction
through sustainable reuse models [13—17]. Re-
search on the economic feasibility of second-life
battery applications has highlighted cost reduc-
tions compared to new energy storage systems,
particularly in terms of levelized cost of storage
(LCOS) and potential financial benefits for both
businesses and consumers [18—21]. Environmen-
tal assessments have demonstrated that repurpo-
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Fig. 1. The role of second-life EV batteries in the circular economy and sustainable energy transition: lifecycle of EV batteries:
a — from primary use to recycling; b — second-life battery applications in the context of sustainability

sing EV batteries significantly reduces carbon
emissions by delaying recycling processes and mi-
nimizing the environmental impact associated with
new battery production [22—24]. Additionally,
numerous studies have focused on battery degra-
dation, analyzing capacity fade, cycle life varia-
tions, and predictive models for assessing the re-
maining useful life (RUL) of second-life batteries
[25—27]. Investigations into different application
scenarios have covered both grid-scale integra-
tion — including frequency regulation, load balan-
cing, and renewable energy storage — and house-
hold-level solutions, such as residential solar energy
storage and backup power systems [28—31]. Fur-
thermore, life cycle assessments (LCA) of second-
life batteries have provided a comprehensive pers-
pective on their overall sustainability, comparing
energy efficiency, material recovery rates, and
long-term environmental impact against conven-
tional storage technologies [32—36].

Despite extensive global studies, research on
second-life EV batteries in Ukraine remains scarce.
Apart from the authors’ recent studies [37—40], no
comprehensive analyses address the technical, eco-
nomic, or regulatory feasibility of their integration
into Ukraine’s energy system. The absence of local
case studies, experimental projects, and regulatory
policies highlights the novelty and significance of
this research in filling a critical knowledge gap.
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This study is the first to explore the potential of
second-life EV batteries for energy storage and
backup power in Ukraine. As renewable energy
adoption grows and the need for effective storage
solutions increases, this research provides strategic
insights into how repurposed batteries can enhan-
ce energy resilience. Additionally, it contributes to
international discussions by offering a compara-
tive perspective on the adoption challenges and
opportunities of second-life batteries in Ukraine.

This paper assesses the feasibility and prospects
of secondary EV battery use for energy storage,
supporting the transition to sustainable energy, ef-
ficient battery end-of-life management, and the
development of a circular economy.

DYNAMICS OF EVS FLEET
DEVELOPMENT IN UKRAINE

In recent years, Ukraine has experienced a rapid ex-
pansion of the electric vehicle (EV) fleet, reflecting
global trends. The number of EVs on Ukrainian
roads has grown exponentially, increasing from a
few dozen units in 2013 to tens of thousands by 2023
[41]. This surge has been driven by both growing
environmental awareness and economic factors, as
EVs offer lower operational costs as compared with
internal combustion engine vehicles. The growth
dynamics of the EV fleet are illustrated in Fig. 2.
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Fig. 2. Growth of the Electric Vehicle Fleet in Ukraine and Forecasted Availability of Second-Life Batteries: ¢ — dynamics
of EV fleet growth in Ukraine; b — forecast of available second-life batteries

Looking ahead to 2030, projections based on
state programs suggest that EVs will comprise at
least 15% of Ukraine’s total vehicle fleet, reaching
approximately 1.5 million units [42]. Notably, 75—
80% of EVs entering the Ukrainian market are used,
with an average service life of 4—5 years. This sig-
nificantly reduces the remaining lifespan of EV
batteries in primary transportation applications,
accelerating their transition to secondary use in
energy storage. Battery degradation not only li-
mits vehicle range but also increases charging ti-
me and reduces efficiency, reinforcing the urgent
need for battery repurposing strategies.

Among the electric vehicle models in Ukraine,
the Nissan LEAF remains the most widely used,
with 22.7 thousand registered units, accounting for
28.5% of the total EV fleet [43—44]. However, sin-
ce 2021, Ukraine has seen an influx of Chinese EV
brands, including MG, JAC, MAXUS, CENNTRO,
SKYWELL, and ORA, which together captured
30% of the market by 2023. As these vehicles age,
their batteries will progressively reach the end of
their first-life automotive use, necessitating sus-
tainable management solutions (Fig. 2).

The forecast presented in Fig. 2 is based on an
analysis of the expected growth of the Ukrainian
EV fleet by 2030, considering market trends, battery
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lifespan, and the prevalence of used EV imports. The

projections take into account several key factors:

o EV fleet expansion — Official targets aim for 15%
EV penetration by 2030, aligning with global
electrification strategies [5];

« Battery degradation patterns — The typical life-
span of an EV battery is 8—10 years, after which
its capacity declines to levels unsuitable for ve-
hicle propulsion but still viable for stationary
energy storage. Given that most imported used
EVsin Ukraine are 4—5 years old, a substantial
volume of decommissioned batteries will be-
come available by 2030;

« Potential for secondary applications — Batte-
ries that degrade to 70—80% of their original
capacity can still provide effective storage so-
lutions for renewable energy integration, grid
stabilization, and commercial backup power.
These estimates also account for global trends

in battery repurposing and recycling, aligning with

Ukraine’s shift toward a sustainable, circular eco-

nomy and the increasing demand for decentrali-

zed energy storage solutions.

Given these developments, a comprehensive as-
sessment of second-life EV battery applications is
essential. This study employs SWOT-analysis to
systematically evaluate the strengths, weaknesses,
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opportunities, and threats associated with large-
scale battery repurposing. The SWOT approach is
critical for developing effective strategies that in-
tegrate technical, economic, environmental, and
regulatory considerations, paving the way for in-
novative and sustainable energy storage solutions
in Ukraine’s evolving energy landscape.

ELECTRIC VEHICLE BATTERIES
AND THEIR SECOND-LIFE APPLICATIONS

With the increasing adoption of EVs, the rechar-
geable battery market is expanding rapidly. Lithi-
um-ion batteries have become the dominant sto-
rage technology due to their high energy density,
efficiency, and ability to be repurposed [45—55].
However, their performance and suitability for se-
cond-life applications largely depend on the spe-
cific chemical composition of the battery.

Among the most common chemistries, lithium
cobalt oxide (LCO) offers high energy density
but sufters from low thermal stability, making it
more prevalent in consumer electronics than in
EVs [47—48]. Lithium manganese oxide (LMO),
widely used in early-generation Nissan LEAF and
Mitsubishi i-MiEV models, provides better ther-
mal stability and power output, though at the
cost of lower energy density. More advanced lith-
ium nickel manganese cobalt oxide (NMC) bat-
teries [52], found in Tesla Model 3, Nissan LEAF
30 + kWh, and VW e-Golf, strike a balance bet-
ween energy capacity, safety, and lifespan, making
them the preferred choice for long-range EVs.

In contrast, lithium nickel cobalt aluminum oxi-
de (NCA) batteries, primarily used in premium EVs
like Tesla Model S and Model X, maximize energy
density and longevity, though at a higher cost [52].
Meanwhile, lithium iron phosphate (LFP) batte-
ries, which dominate mass-market and commer-
cial EVs such as BYD e6 and Chevrolet Spark EV,
offer exceptional cycle life and thermal stability,
albeit with lower energy density [56—57]. Lastly,
lithium titanate (LTO) batteries, while uncom-
mon in passenger EVs, are valued for their ultra-
fast charging capability and extreme cycle stabi-
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lity, making them ideal for specialized applications
such as Honda Fit EV.

Each chemistry impacts not only vehicle perfor-
mance but also the battery’s potential for second-
life use. Among them, NMC and LFP stand out as
the most suitable for stationary energy storage, ba-
lancing stability, durability, and remaining energy
capacity [58—59]. LMO batteries, despite their lo-
wer energy density, remain viable for short-dura-
tion storage and backup power applications, while
LTO batteries, with their robust cycle stability, are
ideal for high-frequency charge-discharge scena-
rios in grid applications.

Batteries used in EVs experience gradual deg-
radation, which affects their capacity, charging
efficiency, and operational stability over time. Whi-
le a battery may no longer be suitable for propul-
sion after 8—10 years, it often retains 70—80% of
its original capacity, making it viable for statio-
nary energy storage before reaching the recycling
phase [59]. The transition from automotive use
to repurposing and final disposal plays a key role
in sustainable resource management and aligns
with circular economy principles.

As concerns over the sustainability of battery
production and disposal grow, the circular econo-
my model promotes material recovery, repurpo-
sing, and recycling as alternatives to premature
disposal. Rather than discarding EV batteries af-
ter their primary use, second-life applications al-
low them to be integrated into stationary energy
storage systems, extending their service life and
reducing waste [58—59].

For Ukraine, where used batteries dominate the
EV market, the need for second-life applications
is particularly urgent. Integrating repurposed EV
batteries into the energy system offers multiple
benefits: reducing dependence on expensive new
storage solutions, enhancing decentralized RES
integration, and providing cost-effective backup
power in areas with grid instability. By prioritizing
repurposing over premature recycling, Ukraine
can strengthen energy security, advance environ-
mental sustainability, and align with global circu-
lar economy trends.
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THE LIFECYCLE OF ELECTRIC
VEHICLE BATTERY

The lifecycle of an EV battery is a multi-stage
process that determines its total economic value,
environmental footprint, and technological feasi-
bility for secondary applications [60—61]. Un-
derstanding this lifecycle is crucial for optimizing
battery performance, repurposing strategies, and
end-of-life management.

Figure 3 illustrates the key lifecycle stages of
an EV battery, from manufacturing and primary
automotive use to assessment, repurposing, secon-
dary applications, and final recycling. Each phase
presents unique challenges and opportunities, re-
quiring well-defined technical solutions, regula-
tory policies, and investment strategies to maxi-
mize the economic and environmental benefits of
second-life batteries.

The lifecycle of an EV battery consists of five
key stages, each determining its economic value,
environmental footprint, and potential for sec-
ondary applications.

1. Manufacturing Stage: EV batteries are pro-
duced using lithium, cobalt, nickel, and manga-
nese, requiring resource-intensive extraction and
processing. This phase has a high environmental
impact, making material recovery and second-life
applications crucial for sustainability.

2. Primary Use in Electric Vehicles: During op-
eration, EV batteries undergo charge-discharge
cycles, thermal stress, and gradual degradation.
After 8—10 years, they typically retain 70—80%
of their capacity, becoming unsuitable for propul-
sion but still viable for stationary energy storage.

Battery pack manufacturing / assembly |

Battery first life in electric vehicle |

Battery re-manufacting (assessment and repurposing)|

Battery second life in energy storage |

Battery final recycling |

LKL

Fig. 3. Key Lifecycle Stages of an Electric Vehicle Battery
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+ End of Primary Use: Once decommissioned, bat-
teries undergo diagnostic testing to determine
whether they should be repurposed or directly
recycled based on remaining energy capacity and
stability.

3. Battery Assessment and Repurposing: Instead
of disposal, viable batteries are refurbished and
adapted for secondary use through:

o Testing and sorting — Assessing capacity and
safety.

+ Reconfiguration — Adjusting for energy stora-
ge applications.

« System integration — Deploying in grid or back-
up power solutions.

In Ukraine, where renewable energy adoption
is growing, second-life batteries offer an opportu-
nity to stabilize the grid and enhance energy fle-
xibility. However, the lack of standardized repur-
posing protocols remains a major challenge.

4. Battery Second Life in Energy Storage: Suc-
cessfully repurposed batteries support various app-
lications, such as grid storage (smoothing fluctua-
tions from renewables), backup power (enhancing
resilience in critical infrastructure), microgrids
(expanding off-grid energy access).

5. Final Recycling and Material Recovery

At the end of the second-life phase, batteries that
are no longer viable undergo recycling, where va-
luable materials are recovered. Given that Ukraine’s
battery recycling infrastructure is still developing,
second-life applications serve as a cost-effective,
short-term alternative to delay disposal and ma-
ximize value.

PREDOMINANT EV MODEL IN UKRAINE:
NISSAN LEAF AND ITS SUITABILITY
FOR SECOND-LIFE APPLICATIONS

The Nissan LEAF is the most widely used elect-
ric vehicle (EV) model in Ukraine, comprising
nearly 30% of the total EV fleet [43—44]. This
makes it a central figure in discussions on second-
life battery applications, particularly for stationa-
ry energy storage and grid stabilization. Given the
large number of imported used LEAF vehicles, bat-

ISSN 2409-9066. Sci. innov. 2025. 21(6)
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tery repurposing is an essential strategy for maxi-
mizing their lifespan beyond automotive use.

Since its introduction in 2010, the Nissan
LEAF’s battery technology has undergone signi-
ficant improvements. The first-generation models
utilized Lithium Manganese Oxide (LMO) che-
mistry, while later models transitioned to Nickel
Manganese Cobalt (NMC), offering higher ener-
gy density and longevity [62]. These advance-
ments directly impact battery suitability for se-
cond-life applications, with newer NMC batteries
demonstrating greater efficiency in renewable ener-
gy storage and backup power systems.

Table 1 presents an evaluation of Nissan LEAF
batteries, assessing their capacity, chemistry, and
repurposing potential for secondary applications.

LEAF e+ (new module) LEAF (8-cell module)

Capacity, %

600 1 2 3 4 5 6 7 8

Warranty period, years

Fig. 4. Dynamics of Nissan LEAF battery aging/degradation
during the warranty period

The degradation of Nissan LEAF batteries over

time further supports their secondary use poten-
tial. For instance, the 2015 LEAF (30 kWh batte-
ry) comes with an 8-year warranty or 160,000 km,
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Fig. 5. Evolution of Nissan LEAF Battery Configurations for Secondary Use: a — New LEAF e+ Module; b — Comparison of
Battery Structures Across LEAF Generations; * — Lithium Nickel Cobalt Manganese Oxide; ** — Lithium Manganese Oxide

Table 1. Evaluation of Nissan LEAF Batteries’ Suitability for Second-Life Use

CB atteirty Year Battery Suitability

aPacitys | Released Chemistry for Second-Life Use

kWh
24 2010 LMO | Moderate (suitable for stationary energy systems with less stringent power requirements)
24 2012 LMO | Moderate (requires additional testing for longevity in second-life use)
30 2015 NMC | High (better suited for integration with renewable energy sources due to higher energy density)
40 2017 NMC | High (higher energy density, more charge/discharge cycles, high efliciency for energy storage)
62 2019 NMC |High (optimal choice for large-scale energy storage and grid stabilization)
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after which battery capacity typically decreases
to around 66%. This reduction limits its automo-
tive efficiency but leaves substantial energy stora-
ge capacity for stationary applications. The aging
process of Nissan LEAF batteries is illustrated in
Fig. 4, showing the decline in capacity over time
and its implications for secondary use.

Beyond capacity retention, the modular design
of LEAF batteries enhances their suitability for
secondary use. Early models featured a 4-cell mo-
dule structure, while newer 40 kWh and 62 kWh
versions adopted an 8-cell configuration, allowing

for more eflicient repurposing in stationary stora-
ge applications. The LEAF e+ model introduced
laser welding for compact, customizable modules,
improving their adaptability for energy storage
and grid applications [60]. These advancements
are depicted in Fig. 5, which illustrates the evolu-
tion of Nissan LEAF battery configurations and
their relevance to second-life applications.

The standardization of LEAF battery designs
simplifies their integration into large-scale stora-
ge systems, ensuring consistent performance and
optimized management. This modularity, combi-

Table 2. SWOT-Analysis of the Secondary Use of EV Batteries in Ukraine

STRENGTHS

WEAKNESSES

Cost savings: Using repurposed batteries significantly redu-
ces the cost of energy storage systems as compared with new
batteries;

Resource efficiency & circular economy: Extends battery
life, reduces waste, and decreases demand for raw materials
(e.g., lithium, cobalt, nickel);

Improved grid stability & peak shaving: Enhances energy
system flexibility, reduces reliance on fossil-fuel-based pea-
king plants, and supports frequency regulation;

Supports renewable energy expansion: Helps address the
intermittency of solar and wind power, making renewables
more viable;

Enhances power system resilience: Serves as backup power
for critical infrastructure, emergency response, and military
applications.

Performance limitations: Second-life batteries have redu-
ced capacity, efficiency, and energy density, affecting perfor-
mance over time;

Lack of standardization: Absence of universal safety, testing,
and classification standards complicates integration into grid
and storage applications;

Additional refurbishment costs: costs for testing, sorting,
and repurposing make the economic case dependent on sub-
sidies or economies of scale;

Uncertain longevity & degradation variability: Difficulty
in predicting remaining useful life of each repurposed bat-
tery, impacting investment decisions;

Safety concerns: Risks related to fire hazards, thermal run-
away, and chemical leakage require robust safety protocols
and monitoring systems.

OPPORTUNITIES

THREATS

Growing demand for energy storage solutions: Rising elect-
ricity demand and renewable energy deployment create a lar-
ge market for second-life batteries;

Government incentives & regulatory support: Potential for
tax benefits, subsidies, and market regulations encouraging
battery reuse;

Emerging business models & partnerships: Collaborations
between EV manufacturers, energy companies, and grid ope-
rators can accelerate deployment;

Development of advanced diagnostics & Al-based predic-
tive maintenance: Data-driven models can improve battery
life prediction, boosting investor confidence and system re-
liability;

Applications in decentralized grids & microgrids: Second-
life batteries are ideal for off-grid solutions, rural electrifica-
tion, and military bases.

Technological advances in new batteries: The emergence
of cheaper, high-energy-density solid-state or next-genera-
tion batteries may reduce demand for second-life batteries;
Regulatory and legal uncertainties: Complex permitting
processes and lack of a legal framework for second-life bat-
tery certification can hinder market adoption;

Fluctuating raw material prices & recycling costs: Eco-
nomic viability depends on global lithium and cobalt prices,
which affect both battery refurbishment and disposal eco-
nomics;

Cybersecurity risks: Increased reliance on digitally connec-
ted battery storage systems introduces risks of cyberattacks
on energy infrastructure;

Consumer skepticism & perception barriers: Public con-
cerns over safety, efficiency, and trust in used battery solu-
tions may slow adoption.

26
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ned with improvements in cycle life and energy
density, makes LEAF batteries a viable resource
for stabilizing the power grid, integrating rene-
wable energy sources, and enhancing energy secu-
rity in Ukraine. By strategically repurposing Nis-
san LEAF batteries, Ukraine can reduce energy
storage costs, extend the usability of EV batteries,
and support the country’s transition toward a sus-
tainable energy infrastructure.

SWOT-ANALYSIS OF SECOND-LIFE
EV BATTERY APPLICATION IN UKRAINE

The integration of second-life EV batteries into
Ukraine’s energy infrastructure presents both chal-
lenges and opportunities. A SWOT-analysis provi-
des a structured evaluation of strengths, weaknes-
ses, opportunities, and threats, allowing policy-
makers, investors, and energy stakeholders to
assess feasibility and mitigate risks.

From an environmental perspective, while EV
adoption reduces direct emissions, Ukraine’s elect-
ricity mix — still heavily reliant on coal and gas —
limits its overall impact. Additionally, the lack of
effective battery disposal management remains a
key challenge [63]. Repurposing EV batteries pre-
sents a viable solution within the circular econo-
my framework, extending battery lifespan, redu-
cing waste, and improving energy security.

Beyond environmental benefits, the secondary
use of EV batteries significantly reduces costs for
both consumers and manufacturers, offering af-
fordable energy storage solutions and supporting
the expansion of renewable energy [64]. These
repurposed batteries play a critical role in grid
stability, backup power, and decentralized energy
systems. Given Ukraine’s energy vulnerabilities,
including infrastructure disruptions due to war
and geopolitical risks, leveraging second-life bat-
teries can enhance energy resilience and disaster
recovery efforts [40].

A structured approach, supported by govern-
ment policies, private sector engagement, and re-
search initiatives, is essential for the successful dep-
loyment of second-life batteries. Table 2 provides

ISSN 2409-9066. Sci. innov. 2025. 21(6)

a detailed SWOT-analysis of second-life battery
applications in Ukraine.

The SWOT-analysis of the secondary use of
EV batteries in Ukraine highlights key strengths,
weaknesses, opportunities, and threats, allowing
stakeholders to develop targeted strategies that
enhance benefits and mitigate risks. The practical
application of this analysis provides a roadmap
for decision-making in government, energy, auto-
motive, and investment sectors.

STRATEGIC RECOMMENDATIONS
BASED ON SWOT-ANALYSIS

The SWOT-analysis identifies key strategic actions
required to overcome challenges and maximize op-
portunities for second-life EV battery applications
in Ukraine. The Table 3 summarizes targeted re-
commendations for key stakeholders.

The SWOT-analysis of second-life EV batteries
in Ukraine highlights significant opportunities for
energy storage expansion, grid stability, and cir-
cular economy integration. However, challenges
such as regulatory gaps, uncertain lifespan, and
safety concerns must be addressed. By implement-
ing targeted policies, advancing technical solu-
tions, and fostering industry collaboration, Ukraine
can establish a sustainable market for second-life
battery storage, enhancing both energy security
and economic viability.

EVALUATION OF SECOND-LIFE
EV BATTERY POTENTIAL
MARKET IN UKRAINE

As Ukraine transitions toward a more sustainable
energy system, the expanding EV market pres-
ents a significant opportunity for energy storage
solutions. According to the national transport
strategy, EVs are projected to comprise at least
15% of the total vehicle fleet by 2030, with the
total number of EVs expected to reach 1.5—2 mil-
lion by 2040. This increase directly correlates with
a growing stock of decommissioned EV batteries,
making secondary use an essential component of
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energy system stability and renewable energy in-
tegration [66].

One of the key challenges in Ukraine’s energy
transition is ensuring cost-effective and flexible
storage solutions to balance renewable energy
generation and grid demand fluctuations. The re-

purposing of used EV batteries into stationary
storage systems provides a scalable and economi-
cally viable alternative to new storage technolo-
gies (Fig. 6).

Figure 7 presents a conceptual framework for
integrating second-life EV batteries into Ukrai-
ne’s power system, outlining their technical com-
ponents, connectivity layers, and grid applica-
tions in renewable energy support, backup power,
and grid resilience.

With Ukraine’s rapidly growing EV fleet, secon-
dary battery applications are becoming increasing-
ly relevant across multiple energy sectors. A detai-
led market evaluation identifies several key seg-
ments for battery repurposing:

Households: As residential adoption of solar
and wind energy increases, reliable and affordable
storage solutions will be essential. Second-life bat-
teries can help homeowners store excess rene-
wable energy and ensure energy independence.

Table 3. SWOT-Analysis Based Recommendations

Stakeholder Group

Key Focus Areas

Recommended Actions

Government &
Policy Makers

Energy Sector &
Grid Operators

EV & Battery
Manufacturers

Investors &
Startups

Research
Institutions &
Labs

Regulatory clarity,
financial incentives,
safety standards

Grid resilience, sto-
rage integration, cy-
bersecurity

Sustainability, cost-
effective refurbish-
ment, repurposing
logistics

Market scalability,
economic viability,
risk mitigation

Degradation mode-
ling, predictive ma-
intenance, industry
collaboration

Establish regulatory frameworks for testing, certification, and deployment of se-
cond-life batteries

Introduce tax incentives and subsidies for repurposed battery storage

Mandate battery collection and repurposing programs to support the circular economy
Implement safety protocols to mitigate risks associated with aging battery cells

Invest in advanced battery management systems (BMS) to monitor degradation
and optimize lifespan

Conduct pilot projects for integrating second-life batteries into grid storage, back-
up power, and microgrids

Strengthen cybersecurity measures for battery storage systems

Develop modular battery designs to simplify repurposing and energy storage integ-
ration

Partner with energy companies to create buyback and reuse programs

Enhance battery tracking systems using Al and blockchain to streamline repurpo-
sing logistics

Support scaling up refurbishment facilities to achieve economies of scale

Develop battery-as-a-service (BaaS) and energy-as-a-service (EaaS) models for
flexible financing options

Invest in Al-driven battery degradation forecasting to improve valuation models.

Conduct longitudinal studies on battery aging to refine degradation models
Develop standardized testing protocols for evaluating second-life battery performance
Foster collaborations between academia and industry to accelerate technology
transfer and implementation
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Fig. 7. Framework for Integrating Second-Life EV Batteries into the Power System

Commercial and Municipal Consumers: Busines-
ses and public infrastructure require large-scale
energy storage systems for uninterrupted opera-
tions and peak demand management. Repurposed
EV batteries provide a sustainable and cost-eftec-
tive alternative to new battery storage.

Renewable Energy Support: With increasing in-
vestments in solar and wind power, secondary-
use EV batteries can address intermittency issues
by storing surplus electricity during peak genera-
tion periods.

Grid Support Services: As renewable energy pe-
netration grows, grid fluctuations become more
frequent. Repurposed batteries can enhance grid
stability, provide load leveling, and support fre-
quency regulation.

ISSN 2409-9066. Sci. innov. 2025. 21(6)

EV Charging Stations: Fast-charging infrastruc-
ture places high demands on the power grid, often
leading to peak load stress. Second-life batteries
can serve as buffer storage, optimizing charging
time and alleviating grid strain.

To assess the market potential for second-life
lithium-ion batteries in Ukraine, a detailed evalua-
tion was conducted. The analysis considers key
factors such as battery availability, total market
size, required power and energy capacity, and ope-
rational requirements across different sectors. The
findings summarized in Table 4 provide a struc-
tured assessment of the most viable applications
for repurposed EV batteries.

These findings confirm the significant market
for second-life EV battery applications in Ukraine.

29



Zaporozhets, A. O, and Kostenko, G. P.

Additionally, repurposed EV batteries can help re-
duce energy costs and enhance the resilience of lo-
cal communities and the national power grid, espe-
cially as renewable energy penetration increases.

ENSURING THE DURABILITY OF BATTERIES
FOR SECOND-LIFE APPLICATIONS

As repurposed EV batteries transition to second-
ary applications, ensuring their longevity is criti-
cal. Factors such as depth of discharge (DoD),
temperature, charge/discharge cycles, and opera-
tional conditions significantly influence battery
lifespan in stationary storage systems [67—73].
Table 5 presents an assessment of the projected
lifespan of second-life EV batteries across diffe-

rent applications, factoring in economic savings
and carbon footprint reductions.

The longevity of second-life batteries varies ba-
sed on usage patterns and battery management sys-
tems. With optimal management, residential bat-
tery systems could last 7—10 years, while grid-
level applications may extend beyond 10 years due
to lower cycling demand

DIRECTIONS OF FUTURE
RESEARCHES FOR UKRAINE

Over the past few years, in accordance with glo-
bal trends, there has been an annual increase in
the fleet of electric vehicles tenfold in Ukraine —
from several units in 2013 to tens of thousands of

Table 4. Evaluated Markets for Second-Life Li-ion Batteries in Ukraine

— Number Market Power, kW / Energy, Energy, Time Frequency

Application of Packs Size MW min Max of Use, h of Use
Residential 1-2 >250,000 1—10 kW 3.5—35kWh 10—100 kWh 3.5h Daily
Municipal / 10—15 10,000— | 25—200 kW 100—800 kWh 100—1000 kWh 4h Daily
Communities 50,000
Office 30—40 | >50,000 [200—2000 kW |1000—10,000 kWh |1000—10,000 kWh | 5h Daily
Buildings
Trade Outlets | 30—40 | >100,000 |200—250 kW |1400—1750 kWh |1400—1750 kWh 7h Daily
Renewables | 500—700 | >100 0.5—2.5MW | 2.75—13.75 MWh | 2.75—13.75 MWh | 5.5h |10—20/month
Support
Grid Support 1000s >10 1—100 MW | 0.25—25 MWh 0.25—25 MWh 0.25h | 5—10/month
EV Charging 10—50 >500 50—500 kW | 300—3000 kWh 300—3000 kWh 6h Daily
Stations

Table 5. Secondary EV Battery Application Lifespan

Application Second-Life Scheduling

Estimated 2nd Life
Duration, years

CO, Emissions
Reduction, kg/year

Economic
Savings, %

Residential Energy Storage Daily cycling with PV

Commercial /Industrial Backup

Grid Energy Storage Frequency regulation
EV Charging Stations Fast charge buffering
Residential Energy Storage Daily cycling with PV

Peak shaving, load shifting

7—10 30—50 400—800
5—8 25—40 600—1200
6—9 35—-55 800—1500
4—6 20—35 500—1000
7—10 30—50 400—800

30

ISSN 2409-9066. Sci. innov. 2025. 21(6)



Second-Life Electric Vehicle Batteries in Ukraine’s Energy Sector: SWOT Analysis and Market Evaluation

units in 2022/2023 [5]. It can be predicted that
such development dynamics will inevitably lead
to a large number of degraded batteries by 2030.

Numerous studies in Ukraine have addressed
electric transportation [74—77], energy genera-
tion and consumption patterns [78—82], energy
storage systems [83—86], operational aspects such
as resilience, control modes, and consumer—regu-
lator dynamics [87—93], as well as modeling app-
roaches for energy transitions and system behavior
under uncertainty [94—98]. While these topics
intersect with our research, the specific issue of
electric vehicle batteries and their secondary use
potential remains largely underexplored.

Moving forward, research should focus on op-
timizing the integration of second-life batteries
into Ukraine’s power system, particularly in grid
support services, renewable energy balancing, and
frequency regulation. Given the increasing share
of solar and wind power, understanding how repur-
posed batteries can mitigate power fluctuations is
crucial for long-term grid stability. Another key
research area is the economic and environmental
assessment of second-life battery applications.
Comparative analyses of Levelized Cost of Sto-
rage (LCOS) and CO, reduction potential will
provide essential insights into the feasibility of re-
purposed batteries relative to newly manufactu-
red energy storage solutions.

As well, research should explore grid integra-
tion strategies, including the role of second-life
batteries in frequency regulation, load balancing,
and energy arbitrage. The development of market
mechanisms for battery energy storage partici-
pation in electricity markets should also be add-
ressed. Another critical research direction invol-
ves techno-economic assessments of different
repurposing strategies, evaluating the cost-bene-
fit trade-offs of battery refurbishment, hybrid en-
ergy storage solutions, and potential business
models such as battery-as-a-service. These in-
sights will help identify the most effective path-
ways for commercial adoption. A final research
direction involves scaling up circular economy
principles in Ukraine’s battery sector, including

ISSN 2409-9066. Sci. innov. 2025. 21(6)

strategies for effective recycling at the end of the
second-life phase.

By addressing these research gaps, Ukraine can
accelerate the deployment of second-life EV bat-
teries, strengthening its energy security, sustai-
nability, and economic resilience in the transition
to a low-carbon future.

CONCLUSIONS

1. This study has assessed the feasibility, mar-
ket potential, and technical viability of integ-
rating second-life EV batteries into Ukraine’s
energy system. The analysis of degradation pat-
terns, repurposing strategies, and secondary ap-
plications has confirmed that these batteries can
effectively enhance grid stability, facilitate rene-
wable energy integration, and strengthen backup
power resilience.

2. The forecast of second-life battery availa-
bility has been developed, based on EV market
growth and projected volumes of decommissio-
ned batteries by 2040. The scenario-based assess-
ment has demonstrated economic and environmen-
tal benefits, including cost savings and emissions
reductions compared to new storage systems, the-
reby supporting strategic planning for residential
and grid-scale deployment.

3. The SWOT-analysis has identified strengths,
weaknesses, opportunities, and threats associa®
ted with second-life battery adoption in Ukraine.
The findings have informed policy and invest-
ment recommendations, emphasizing the need to
close regulatory gaps, standardize testing proce-
dures, and foster industry collaboration. A well-
defined framework is essential for supporting lar-
ge-scale repurposing,

4. The key prerequisites for successful second-
life battery deployment have been evaluated,
including regulatory, technological, and market-
driven factors. The study has underscored the
importance of advanced diagnostic tools, opti-
mized operational strategies, and improved ener-
gy management systems to enhance efficiency, re-
liability, and safety.
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5. The practical recommendations have been
formulated for policymakers, industry stake-
holders, and research institutions. Successful
deployment requires regulatory harmonization,
financial incentives, and the development of re-
furbishment infrastructure. Raising awareness

among consumers and businesses has been rec-
ognized as critical for accelerating adoption.
While the market potential has been demonst-
rated, fully unlocking the benefits requires coor-
dinated actions across policy, industry, and re-
search sectors.
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BTOPMHHE BUKOPUCTAHHA AKYMYJIATOPHUX BATAPE
EJIEKTPOMOBUIIB Y EHEPTETUYHOMY CEKTOPI YKPATHI:
SWOT-AHAJII3 TA OIITHKA PUHKOBUX ITEPCITEKTIB

Beryn. Posmmperig BUKopucTanis exekTpomobiis (EV) mocumoe nuranus yTutisanii pitiii-ionmux 6atapeit. Ix nosrop-
He BUKOPMCTaHHSI € €KOHOMIUHO BHTIHMM Ta €KOJOITYHO Ge3NeYHUM PillleHHAM, 10 MATPUMYE CTabiIbHICTh MepexKi Ta
IUPKYJISIPHY eKOHOMIKY. B Ykpaini BropunHe 3acTocyBaHHs GaTapeil MoKe CIPUSTH eHepreTryHiil 6esreri Ta interparii
Bi/IHOBJIIOBAHUX JIZKEPEJL.

IIpo6GaemaTuka. [Tonpu nepesary mMUpoKe BIpoBaiKeHHs: Gatapeit EV B YKpaiHi 3iITOBXYEThCs 3 TEXHIUHUMHE, €KOHO-
MIYHUMM Ta PeryassTopHuMu Gap’epamu. BizcyTHicTs cranaapTis ouinky crany GaTapeii, crpaTeriii iHTerpartii Ta pUHKOBOTO
anautizy norpebye kommiekcuoro SWOT-anaizy.

Mera. O1iHIOBaHHS PUHKOBOTO MOTEHIia/ly BTOPUHHOIO BUKopuctantst 6arapeii EV B Ykpaini 3a soriomororo SWOT-ana-
J1i3y, BU3HAYEHHS JIOIIJIbHOCTI 1X iHTerpailii B eHeprocucTeMy Ta BUKOPUCTAHHS Y CUCTeMaX HAaKOITUYeHHs eHeprii.

Marepiauu it Metoau. Bukopucrano SWOT-anasni3 sik OCHOBHUIA T1H/IXiJT, IOTIOBHEHUIT OI[IHKOIO PUHKY, aHATI30M PETYJIsi-
TOPHOTO CepPeIoBUINA Ta EKOHOMIYHOI 1011iIbHOCTI. PoG0Ta IPYHTY€EThCST Ha II06ANbHUX Kelcax, IOMTHYHIX JOKYMEeHTaX i
eMIIPUYHUX JaHUX 1100 Jerpajaiil 6aTapeii, IX IPOAYKTUBHOCTI Ta IPOAOBKEHHS JKUTTEBOTO [IUKJLY.

Pesynsratu. SWOT-anainis miaTBep/uKye, 1110 BTOPUHHE 3acTOCYBaHHs Garapeil EV € BUTiIHUM PillleHHSM JIJIs1 HAKOTIU-
YEHHs1 eHepril, MATPUMKY cTablIbHOCTI MEPEsKi Ta LUPKYJISPHOI €KOHOMIKY. Bukikamu € BiICyTHICTb CTaHAAPTIB, HEBU-
3HaYeHa TPUBAJIICTDH eKCIITyaTallii Ta PeryJasaTopHi nporaauin. MosKIMBOCTI BKIIOYAIOTh JepsKaBHi CTUMYJIH, HOBI Oi3Hec-
MOJIEJI Ta 3POCTAIOYMi IOIKUT HA THYYKi cucTeMu 30epiraHs. 3arpos3u OB’ A3aHi 3 KOHKYPEHIIEIO 3 HOBITHIMU OaTapesimi,
KibeppU3HKaMK Ta PUHKOBOIO HeCTabiJIbHICTIO. 3aIPOIIOHOBAHO CTPATEriYHi 3aX0/I1 JIJIs1 OA0JaHH 11X 6ap’epis.

BucunoBku. Broputte 3acrocysatHs Gatapeii EV Mojke MIBUIIMTY eHepreTUuHy Ge3reKky YKpaiHu Ta PO3IIUPUTH BUKOPHUC-
TaHHS1 BiJIHOBJIIOBAJIbHUX [KepeJi eHeprii. [ BupoBaKeHHst OTPiOHI PeryisTopHi MexaHisMu, (hiHaHCOBI CTUMYJIU Ta
edexruBHe yrpasiinas. [loganbiini gocipkeH s MaloTh 30cepe/IUTHCS Ha MOJIC/IIOBAHHI Jierpa/ialtii, pPHHKOBUX MeXaHi3Max
Ta iHTerparlii B eHeprocucTemy.

Kniouosi crosa: BropunHi 6atapel eneKTpoMoOLIiB, HAKOIMUYEHHST eHeprii, IHTerpailis B Mepesxy, IUPKYJIsSpHA eKOHOMIKa,
eneprernyHa GesreKa, BiAHOBIIOBAHA €HEPTist, CTaIuii PO3BUTOK.
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