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Executive Summary

In Kenya, the transport sector is a major source of greenhouse gas emissions. To combat this, the
Kenyan government is advancing electric mobility with a focus on decarbonising the sector. According
to the Nationally Determined Contributions (NDC), Kenya aims for 5% of all new vehicle registrations
to be electric by 2025. The increasing demand for lithium-ion batteries in electric vehicles has brought
heightened attention to raw material availability, environmental impacts, and ethical sourcing.
Developing a strong battery reuse and recycling industry can significantly reduce raw material demand,
lessen environmental impacts, and create new domestic opportunities.

This report delves into the potential for reusing electric vehicle batteries in Kenya. The burgeoning
electric vehicle industry in Kenya, coupled with limited knowledge on managing the subsequent battery
waste, motivated this investigation. Building from a literature review, it provides a comprehensive
analysis of the current state of EV batteries in Kenya, technology trends, opportunities for domestic
battery manufacturing, the regulatory landscape and feasibility for reuse and repurposing batteries.
Highlights of the key findings are as follows:

Kenya'’s battery infrastructure faces critical challenges amidst a rapidly growing electric mobility sector.
While waste management regulations exist for used batteries in general, the regulations do not
comprehensively address battery waste, specifically EV battery waste. The current recycling capacity
is also limited, and high import duties on new electric vehicle (EV) batteries hinder EV adoption.
However, by promoting battery repair, repurposing, and recycling programs, the country can reduce
waste, recover valuable materials, and expand domestic battery manufacturing/assembly to meet
demand across sectors. Investing in these areas can also create new jobs in battery management.
Kenya also stands a chance to learn from neighbouring countries with successful EV policies, like
Rwanda’s tax breaks on EVs and related equipment, to make them more affordable and position Kenya
as a leader in sustainable transportation in East Africa.

In Kenya, electric vehicle (EV) battery capacities vary by vehicle type, reflecting advancements in
battery technology and growing adoption. E-motorcycles typically have an average range of 80-120 km,
with battery capacities ranging from 1.44 kWh to 4 kWh, depending on the model and usage. Passenger
cars, such as the first-generation Nissan Leaf (2010-2017), feature a 24-kWh battery, providing a range
of approximately 150 km, while newer models and other EVs available in Kenya, like the BYD Atto 3,
offer battery capacities of 49.92 kWh while the Skyworth EV6, available in the country, offer battery
capacities of up to 85 kWh. Public buses have the largest battery capacities, typically 110-210 kWh,
enabling an average range of 250—-300 km, depending on operational conditions.

Lithium-ion batteries remain the dominant battery technology in Kenya’'s EV market, with different
chemistries offering distinct advantages. Lithium Iron Phosphate (LFP) is widely used in electric
motorcycles and buses due to its affordability, safety, and longer lifespan, while Lithium Nickel
Manganese Cobalt Oxide (NMC) is preferred for passenger cars, providing better energy density and
extended range. These batteries generally last 10—20 years before requiring replacement, and efforts
to recycle and repurpose them are gaining momentum as Kenya expands its EV infrastructure and
sustainability initiatives.

Kenya faces both opportunities and challenges in establishing domestic battery manufacturing. On the
positive side, the growing electric vehicle industry and government support create a market for batteries.
Initiatives like African Continental Free Trade Area (AfCFTA) can ease trade restrictions and access to
raw materials from neighbouring countries. However, significant hurdles exist. High upfront costs,
competition from established manufacturers, limited expertise, and a lack of technology transfer can
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hinder domestic production. Furthermore, Kenya doesn’t have enough mineral reserves to manufacture
batteries at scale, necessitating imports and potentially raising costs. Despite these challenges, Kenya
is making strides in battery recycling with organisations like Waste Electrical and Electronic Equipment
(WEEE) Centre, Enviroserve Kenya Ltd, WeTu, and E-Waste Initiative Kenya all playing a role in
creating a circular battery economy. The trend in battery tech and economics favours second-life EV
batteries for stationary storage. The demand for EV batteries is high, but stationary storage doesn’t
require the highest energy density batteries, unlike the traction applications in EVs. While the cost of
new batteries is dropping, second-life batteries can be even cheaper. Repurposing EV batteries for
stationary storage reduces reliance on raw materials and creates opportunities.

in developing countries with limited grid access and a growing number of used EVs. These second-life
batteries can be used in off-grid solar systems, mini-grids, and even improve grid stability by storing
renewable energy.

The EU, China, the US and Japan all have set the pace in battery reuse and recycling regulations and
standards. The EU focuses on collection targets, recycled material content in new batteries, and digital
battery passports, which are digital records of a battery’s life cycle. China promotes battery recycling
through Extended Producer Responsibility and explores large-scale second-life battery utilisation for
EVs. The US regulates batteries under the Resource Conservation and Recovery Act (RCRA) and has
standards for battery safety and reuse. Japan has regulations for recycling most car parts, but not EV
batteries yet. The private sector also plays a big role, with companies investing in recycling facilities
and second-life battery applications. Kenya has a number of existing policies and regulations that lay
the groundwork for battery recycling. The Waste Management Act and Extended Producer
Responsibility regulations promote recycling and could be adapted to cover batteries. Kenya also
follows international treaties like the Basel Convention to ensure responsible waste management.
These policies provide a foundation for future regulations on battery recycling in Kenya.



Introduction

The Kenyan government’s commitment to tackling climate change through its National Climate Change
Action Plan has placed electric mobility at the forefront of its mitigation efforts. This shift is further
bolstered by strong private sector interest in promoting electric vehicles (EVs) within the country.
Beyond reducing emissions in the transport sector, EVs offer a path towards a more sustainable future
by minimising air and noise pollution, along with reducing reliance on imported petroleum.

However, with the anticipated rise of EVs comes the critical question of used battery management.
Currently, there is a limited amount of information in Kenya regarding practical applications and the
extent to which repurposed lithium-ion traction batteries, specifically from EVs, can meet performance
expectations. This knowledge gap is particularly crucial considering Kenya'’s reliance on second-hand
vehicles, which constitute 80% (Kenya Revenue Authority, 2023) of the total fleet. If this trend translates
to the EV market, it suggests a shorter lifespan for batteries in imported second-hand vehicles due to
reduced capacity. This scenario necessitates effective strategies for battery reuse or recycling.

This study aims to bridge this knowledge gap by examining the techno-economic viability of applying
second-life traction batteries across various EV segments in Kenya. The research leverages test
batteries provided for a passenger car and a motorcycle to assess their performance in second-life
applications. The investigation not only delves into technical feasibility but also explores the economic
aspects of utilising these batteries.

Furthermore, the study provides valuable insights into the recovery of critical raw materials used in
battery production. It also addresses crucial aspects of safe handling, transportation, disposal, and
replacement modalities for used batteries, with a specific focus on associated costs and sustainability
implications. This comprehensive approach aims to provide a roadmap for the responsible and
sustainable integration of second-life traction batteries within Kenya’s burgeoning electric mobility
landscape.

To achieve this, the research team adopted a desk research methodology. This involved gathering and
analysing information from existing sources such as government reports, industry publications,
academic journals, and relevant websites.

This approach provided a solid foundation to understand the current state of battery technology,
infrastructure, regulations, and stakeholder involvement in Kenya’s EV battery landscape. By leveraging
existing data, the desk research approach offered an efficient and cost-effective way to gain insights
into this critical topic



1 Current State of Battery Infrastructure

Waste management in Kenya is a devolved function, placing county governments at the forefront of
waste collection and disposal within their respective jurisdictions, excluding hazardous waste (Kenya
Law, 2022). Batteries fall under the classification of electronic waste (e-waste), which is hazardous
waste, as outlined in the Environmental Management and Coordination (E-Waste Management)
Regulations, 2013. This encompasses various types such as lead-acid batteries, nickel-cadmium
batteries, and lithium-ion batteries. These classifications are based on the composition and functionality
of the batteries. According to the Guidelines for E-Waste Management in Kenya, specific elements
within batteries are designated as either hazardous or non-hazardous. For instance, lead-acid batteries
contain lead and sulphur, identified as hazardous elements, while nickel-cadmium batteries include
cadmium, also considered hazardous, with nickel being non-hazardous. Conversely, lithium-ion
batteries primarily consist of lithium, classified as non-hazardous. This differentiation is crucial for
informing proper waste management protocols and guiding handling, transportation, and disposal
practices to mitigate environmental and health risks associated with hazardous elements.

In Kenya, the National Environment Management Authority (NEMA) has identified electronic waste (e-
waste) as a pressing environmental concern due to its rapid accumulation and management challenges,
which are contributing significantly to environmental pollution. E-waste has emerged as the fastest-
growing waste component in the country, with an estimated annual generation of 51,300 tonnes. Within
the regulatory framework, battery waste management falls under the jurisdiction of broader
environmental and waste management laws overseen by NEMA. As the executing agency, NEMA plays
a crucial role in implementing and enforcing regulations related to e-waste and battery management to
address environmental degradation and promote sustainable waste practices.

The Guidelines for E-Waste Management, issued in 2010, provide a comprehensive framework for
handling various aspects of e-waste. These guidelines categorise e-waste, outline target groups
involved in its management, describe collection systems, specify treatment technologies, and establish
protocols for the establishment of treatment faciliies and disposal sites. The Environmental
Management and Coordination (E-Waste Management) Regulations of 2013 play a crucial role in
providing the legal framework for environmental protection and management, including waste
management. Under these regulations, NEMA is tasked with regulating and overseeing environmental
issues, including e-waste management. These regulations provide the necessary legal basis for
enforcing proper handling, recycling, and disposal of e-waste to mitigate environmental pollution.

Kenya has been making significant strides towards environmental sustainability by advancing Extended
Producer Responsibility (EPR), as outlined in Section 13 of the Sustainable Waste Management Act,
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2022. EPR programmes fundamentally shift the responsibility for managing post-consumer waste from
the government to producers or importers. Under this framework, producers are mandated to take back
used batteries, establish collection points, and ensure proper recycling or disposal. In comparison,
South Africa’s National Environmental Management: Waste Act (No. 59 of 2008) lays the foundation
for EPR. South Africa has specific EPR schemes for electronic waste (e-waste) and portable batteries.
The E-Waste Association of South Africa (eWASA) has been a key player in developing and
implementing these schemes, working to ensure the responsible disposal and recycling of e-waste.
This proactive approach incentivises producers to assume accountability for the environmental impact
of their products throughout their lifecycle, thereby promoting sustainable waste management practices.
By implementing EPR, Kenya, like other nations, aims to alleviate some of the financial burden of waste
management from municipalities and taxpayers, while simultaneously reducing the volume of waste
destined for final disposal and increasing the proportion directed towards recycling, contributing
significantly to the country’s waste reduction and recycling goals.

Currently, there is a significant gap in the regulations concerning battery waste, particularly concerning
electric vehicle (EV) battery waste. However, e-waste regulations in Kenya are relevant for managing
batteries, which are a major component of e-waste. These regulations outline guidelines for the
recycling and treatment of e-waste, including licensing requirements for recycling facilities that handle
e-waste and batteries. By ensuring compliance with these regulations, Kenya aims to reduce
environmental pollution and promote sustainable waste management practices, thereby protecting
public health and the environment.

1.1 Current State of EV Battery Importation in Kenya

Kenya has taken notable strides in aligning its fiscal and regulatory frameworks to support the growth
of electric mobility, particularly around EV battery importation. In 2024, the Electric Mobility Association
of Kenya (EMAK), through its White Paper, proposed a comprehensive set of reforms aimed at
addressing the high-cost burden associated with the importation of lithium-ion batteries, battery
components, and battery-related services such as charging and swapping. These reforms were critical
for enabling affordability, encouraging local assembly, and promoting sustainability in the transport
sector.

As of 2024, the importation of EV batteries and related components faced significant fiscal barriers:
e VAT was charged at 16% for battery products used in electric vehicles, with only solar-use
batteries benefiting from a 0% rate.
e Excise duty stood at 10% for full battery packs and 25% for parts and components.
e Import duties were as high as 25% for both battery packs and parts.
e Corporate income tax for companies dealing in battery services and imports was at the standard
30% rate.

Battery-related services such as charging and swapping were similarly subjected to a 16% VAT, despite
their central role in enabling electric mobility at scale.
To counter these barriers, the 2024 EMAK White Paper proposed several incentives:

e Full zero-rating VAT for EV battery packs, components, and services.

e Removal of excise duty on batteries and parts.

e A stay of import duty (maintaining it at 0%) for battery products and inputs.

e A corporate income tax reduction to 10% for five years for qualified businesses in the

sector.

These proposals were aimed at enhancing affordability, unlocking investment, and creating a
favourable environment for local battery assembly, second-life battery use, and service network
expansion.



By 2025, the Kenyan government had adopted some of the proposed reforms. Notably:
e VAT on lithium-ion batteries for EVs was zero-rated, and excise duty was removed entirely.
e However, the import duty of 25% continued to apply to fully built battery units (FBU),
creating a lingering cost barrier for direct importers.

In the 2025 EMAK White Paper, further reforms were proposed to build upon the gains of 2024:
e The government is now urged to fully eliminate import duty on fully built batteries (FBU),
levelling the playing field for all importers.
e VAT treatment is expected to shift from “zero-rated” to “VAT exempt,” which, while
removing the tax at the point of sale, may limit input VAT recoveries for businesses.

Kenya’s EV battery importation policy is transitioning from a high-cost, fragmented framework to a more
supportive and streamlined regime. While progress has been made, particularly with the removal of
excise duty and VAT zero-rating in 2024, further action is required to:
o Fully eliminate import duty on batteries,
e Support local battery assembly and second-life battery ecosystems through tax and
regulatory incentives.
e Corporate Tax Local e-mobility companies that assemble or manufacture at least 150 EVs
a year are currently at 30%, with a proposal to take it to 15%

Adopting the full suite of proposals in the 2025 White Paper would solidify Kenya’s position as a regional
leader in electric mobility and battery innovation, while supporting job creation, energy access, and
environmental sustainability.

1.2 The Current Mass of Available Traction Batteries in Kenya

The rapid adoption of electric vehicles (EVs) in Kenya has led to a significant increase in the stock of
traction batteries, which serve as the primary energy storage component for these vehicles. As EV
deployment expands, the mass and volume of these batteries grow in parallel, making them a critical
resource in the country’s transition to clean mobility. Accurately assessing the available battery stock
is crucial for understanding its impact on the national energy landscape and for developing sustainable
lifecycle management strategies. By quantifying their mass, stakeholders can anticipate future resource
requirements, address environmental challenges, and explore innovative solutions within Kenya'’s
evolving clean transportation ecosystem. In alignment with these developments, the National Energy
Efficiency and Conservation Strategy (2020) aims to accelerate EV adoption, setting a target for 5% of
all newly registered vehicles in Kenya to be electric-powered by 2025.

Table 1 Electric Vehicles Stock in Kenya (NTSA, 2024)

Electric Bicycles 321 1,353 3,850 5,524
Two-Wheelers 44 96 28 144 366 2,557 @ 4,862 8,097
Three-Wheeler - 4 21 35 40 39 185 324
Four-Wheeler 12 15 31 62 36 47 123 326
Buses/Minibuses - - - - 3 19 32 54
Other Vehicles 9 14 24 43 30 33 92 245
Annual Total 65 129 104 284 796 4,048 9,144 14,570

The data presented demonstrates a significant expansion in Kenya's electric vehicle (EV) market across
various segments from 2018 to 2024. Notably, the motorcycles and two-wheelers segment showed the



most remarkable growth, increasing from 2,557 units in 2023 to 4,862 units in 2024, which represents
an approximate 90% year-on-year increase. This sharp rise highlights the dominant role of electric
motorcycles in the Kenyan EV landscape, driven by factors such as affordability and the need for urban
transport.

Similarly, the tuk-tuk and three-wheeler segment grew from 39 units in 2023 to 185 units in 2024,
reflecting a staggering 374% increase. This indicates a rapidly emerging market for electric public
transport solutions. Other segments, including passenger cars and buses/minibuses, exhibited more
moderate growth rates, with passenger cars increasing by approximately 173% (from 45 to 123 units)
and buses/minibuses by 78% (from 19 to 32 units) over the same period.

Overall, the cumulative electric vehicle registration confirms a robust upward trend in EV adoption in

Kenya across multiple vehicle classes. The total annual registrations of electric vehicles in Kenya
increased by approximately 125.84% from 2023 to 2024.
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Figure 1 Electric Vehicle Stock in Kenya (NTSA, 2024)

As electric vehicle (EV) adoption accelerates across the country, particularly among two- and three-
wheelers, the demand for EV batteries is surging in tandem. This expansion has far-reaching
implications for battery lifecycle management, sustainability, and infrastructure readiness.

In the commercial two-wheeler segment, where battery swapping is gaining traction, maintaining
stationary battery stocks is essential. To support daily ranges exceeding 100 km per day, each electric
bike requires at least two batteries, further amplifying the overall battery inventory. As this inventory
grows, the number of batteries reaching end-of-life will inevitably rise, presenting a complex landscape
of environmental risks and opportunities.

On one hand, without proper systems, used batteries risk ending up in landfills, posing serious
environmental challenges. On the other hand, these batteries represent a valuable resource: they can
be repurposed to enhance energy access through second-life applications or serve as a source of rare
earth elements via recycling.



To unlock these benefits, Kenya must invest in robust battery collection, repurposing, and recycling
frameworks. A coordinated policy and infrastructure approach is essential to promote second-life
battery usage, advance circular economy practices, and reduce environmental harm. Moreover, this
transition demands increased technical capacity in battery diagnostics, servicing, and lifecycle analysis,
aligning with Kenya’s broader objectives for sustainable mobility and a clean energy future.

1.3 Projection of the Volume of Traction Batteries

Kenya'’s electric vehicle (EV) market is entering a rapid growth phase, with significant implications for
the stock of traction batteries. Drawing from EMAK’s national deployment scenarios, ranging from low
to high adoption, the cumulative EV count is expected to scale exponentially through 2040. This surge,
driven especially by two- and three-wheeler fleets, will directly influence the volume of traction batteries
required for both propulsion and battery-swapping operations.

As each EV typically demands one or more batteries depending on use case, the trajectory of vehicle
adoption serves as a strong proxy for forecasting battery volume. EMAK’s national projections, the
cumulative number of electric vehicles is expected to grow significantly across three adoption scenarios,
Low, Moderate, and High, between 2025 and 2040.
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Figure 2 Cumulative Number of EVs (EMAK)

In a low-policy support environment, the adoption of electric vehicles (EVs) is projected to advance at
a sluggish pace, with cumulative numbers staying at around 1.2 million by 2040. This scenario
underscores the constraints posed by limited government incentives and regulatory action, which may
significantly curtail market development and delay mass uptake of EVs. The lack of enabling policies
and infrastructure could hinder investor confidence and discourage innovation within the sector.

With moderate policy intervention, EV numbers are expected to climb steadily, reaching approximately
2.6 million by 2040. Growth momentum picks up around 2028, indicating the delayed but tangible impact
of targeted policy measures such as fiscal incentives, public awareness campaigns, and pilot
infrastructure projects. This pathway reflects a gradual but promising mainstreaming of EVs, supported
by a balanced combination of government commitment and private sector participation.



Under a high-support framework, EV deployment exhibits strong and consistent growth from 2025
onward, culminating in a robust fleet of 3 million vehicles by 2040. This outcome illustrates the
transformative effect of early and sustained investment, complemented by proactive policy reforms,
widespread infrastructure development, and strategic stakeholder alignment. Such a scenario positions
EVs as a central pillar in Kenya’s clean mobility agenda, accelerating both environmental benefits and
industrial competitiveness.

Based on a baseline ratio of one traction battery per electric vehicle, Kenya is expected to have
approximately 1.3 million, 2.6 million, and 3 million traction batteries by 2040 under the low, moderate,
and high support scenarios, respectively. However, this does not fully reflect the operational dynamics
of electric two-wheelers, especially in commercial segments such as delivery and boda-boda services,
where battery swapping is widely adopted. In these cases, each vehicle typically relies on at least two
batteries, one actively in use and another on standby, to maintain continuous operations and daily range
requirements. As a result, the effective battery stock attributed to electric two-wheelers may be more
than double the number of electric two-wheelers in circulation within this segment. When this is factored
into national-level projections, the overall volume of traction batteries in Kenya by 2040 is expected to
exceed baseline figures significantly, with total stock ranging from approximately 2 million to over 5
million battery units across all the segments, depending on adoption intensity and support scenario.
These volumes represent the traction batteries in active deployment and reserve and are essential for
accurate planning in end-of-life battery tracking, circular economy modelling, and energy systems
integration.

1.4 Projected EV Battery Waste in Kenya

Kenya’s rapid expansion of electric vehicle (EV) deployment across diverse segments is accompanied
by an increasingly pressing challenge: managing battery end-of-life and disposal. This analysis
presents a focused examination of battery waste trajectories, segmented deployment dynamics, and
the strategic implications for policy, infrastructure development, and investment planning.

1.4.1 Segment-Level Waste Dynamics
Four-Wheelers (E4W): Legacy Imports Driving Early Waste

e Between 2001 and 2023, approximately 77% of E4Ws registered in Kenya were imported used
vehicles, averaging six years of service before local registration.

e Assuming a 12-year battery lifespan, these vehicles typically require battery replacement within
six years of entry, leading to early onset of battery waste concerns.

e E4Ws are projected to be the dominant source of EV battery waste between 2022 and 2027,
driven by widespread adoption of second-hand units, truncated battery lifespans, and
underdeveloped recovery infrastructure.

Two-Wheelers (E2W): Emerging Challenges with New Deployments

e E2Ws have been primarily deployed as new vehicles fitted with fresh batteries, effectively
deferring disposal risks in the near term.

e However, battery end-of-life accumulation is anticipated to surge post-2030, surpassing one
ton in annual volume.

e This delay offers a strategic opportunity to implement localised battery repurposing and
modular recovery systems before disposal volumes scale significantly.

Heavy Machinery and Electric Buses: High Mass, Targeted Impact

e Although deployment volumes remain low, batteries in heavy machinery and buses often



exceed one tonne, magnifying their waste contribution relative to fleet size.

Electric buses deployed after 2023 are expected to reach end-of-life thresholds by 2033,
contributing an estimated 3.5 tonnes of battery waste in that year alone.

These segments require mass-focused waste management strategies, prioritising recovery
infrastructure aligned with battery weight rather than sheer unit numbers.
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Strategic Implications

o Regulatory Action: Mitigating the early onset of EV battery disposal, particularly from used
imports, requires revisiting import age thresholds, mandating battery stewardship protocols,
and introducing incentives for refurbishment and second-life applications.

e Infrastructure Investment: Building out localised systems for battery collection, sorting,
repurposing, and recycling will be critical to managing segment-specific disposal patterns.
Urban and peri-urban centres should be prioritised based on deployment concentration and
forecasted waste volumes.

e Circular Economy Frameworks: Large-format batteries, especially from buses and
machinery, offer a high-yield opportunity for material recovery and reuse. Establishing
standards and market linkages for second-life applications can unlock residual value while
reducing environmental impact.

e Fiscal Planning: To ensure resilient EV market growth, battery waste projections should be
embedded in financial modelling, TCO assessments, subsidy programs, and investor
guidelines.

With cumulative battery waste from EVs in Kenya projected to reach approximately 400 tonnes between
2025 and 2035, and an initial milestone of 10.6 tonnes anticipated by 2025, the need for proactive
intervention is both immediate and material. Waste volumes will be disproportionately driven by
imported used four-wheelers, followed by rising contributions from two-wheelers and electric buses over
the next decade.

If not addressed through coordinated regulatory, infrastructural, and financial measures, this growing
e-waste burden risks undermining the environmental and economic gains of Kenya’'s e-mobility
transition. The current trajectory offers a critical window to institutionalise circular systems and reinforce
long-term market stability, transforming what could be a looming liability into a strategic opportunity for
sustainable innovation.

1.5 Current State of Battery Swapping Station

Kenya and Rwanda stand out in the East African region as prime examples of this swift transition,
fuelled by robust government support, including tax incentives aimed at boosting the manufacturing of
electric motorcycles. The President of the Republic of Kenya voiced his support for the growth of the e-
mobility industry in September 2023, paving the way for the development of a draft national e-mobility
policy in 2024. This policy will further promote local manufacturing and assembly of electric vehicles
while enhancing e-mobility infrastructure and technical capacity. In June 2023, the Rwandan
government abolished customs taxes on imported electric and hybrid vehicles, including electric
motorcycles, to encourage their adoption and promote sustainable transportation (The Nation, 2023).
Additionally, from 2025, Rwanda will cease the registration of petrol-powered motorcycles for public
transport in Kigali, allowing only electric motorcycles for new registrations (Adedunmola, 2024). This
policy aligns with Rwanda's broader e-mobility strategy and commitment to reducing greenhouse gas
emissions.

The supportive regulatory landscape has spurred the emergence and rapid expansion of startups
specialising in electric two-wheelers in Kenya. Leading the charge are companies like Roam,
Ampersand, STIMA Boda, Ecobodaa, ARC Ride, Kiri EV, Spiro, eWAKA, eBee and many more. These
innovative ventures are driving the forefront of the electric mobility revolution in the country, reshaping
transportation dynamics and fostering a greener, more sustainable ecosystem. Their efforts are not
only expected to enhance the livelihoods of riders, commonly known as boda-boda operators, with
potential increases in daily earnings by up to 30%, but also to mitigate emissions from the transportation
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sector, contributing to a cleaner and healthier environment for all.

Despite these positive steps, the concern that electric vehicles (EVs) may not have sufficient energy
storage to cover the distance needed to reach their intended destination, known as range anxiety,
remains a key issue for users. The crucial solution to this problem and a significant factor in accelerating
the adoption of electric vehicles is the development of a robust charging infrastructure. Globally,
charging infrastructure has been categorised by location, as defined by the International Energy
Agency:

e Home Charging: Charging at the driver’s residence.

e Work Charging: Charging at the driver's workplace.

e Depot Charging: Centralised charging for commercial fleets, buses, or trucks in a building with
restricted access, equipped with several charge points.

e Roadside Charging: Charging at public or private parking places next to the road, often in a city
or urban environment.

e Destination Charging: Charging at places of interest.

e En-route Charging: Charging at stations along highways or travel corridors.

This categorisation provides a comprehensive roadmap to address range anxiety and encourage the
uptake of electric vehicles among users. In the commercial two-wheeler segment, battery swapping is
an effective alternative that has gained significant momentum in East Africa and Asia. Battery swapping
allows EVs to quickly exchange a discharged battery pack for a fully charged one at a swapping station,
providing a solution for remote areas and eliminating the time spent charging the battery for the user.

In Kenya, the Battery-as-a-Service (BaaS) model has been widely adopted by electric two-wheeler
companies, primarily serving commercial electric two-wheelers commonly used by boda-boda riders.
The companies listed below are some of the key players in this space:

Ampersand E-Mobility Ltd
ARC Ride Kenya Limited
Ecobodaa Company
eWAKA Mobility

FIKA Mobility

Go-Electric Limited

Kiri EV Limited
Mazi Mobility
Powerhive Kenya
STIMA Mobility Ltd
Roam Electric Ltd
Spiro

These companies have established battery swapping stations across the country, with Nairobi being
the central hub. Currently, there are over 200 battery swapping stations in operation, each stocked with
charged electric motorbike batteries. The convenience of battery swapping has prompted companies
in the electric two-wheeler space to expand these stations further.

For instance, Ampersand, which operates more than 76 battery swapping stations, has partnered with
TotalEnergies Kenya to build additional battery swapping and charging stations at TotalEnergies
service stations (Kuhudzai, 2022). Another major player, Spiro, which operates 600 swapping stations
across Africa, plans to expand its operations in Kenya. Spiro has partnered with Petrocity, a fuel service
station, to set up automated battery swapping stations as part of its mission to build 3,000 battery
charging stations and target 1 million electric motorbike riders (SPIRO, 2024).

These strategic moves by electric two-wheeler companies aim to spur the adoption of electric
motorbikes in Kenya, leveraging the BaaS model to offer a convenient and efficient solution for
commercial riders.
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1.6 Capacity and Capabilities of Battery Recycling Facilities in Kenya

Kenya'’s transition to electric mobility is accelerating, yet the country’s capacity to manage end-of-life
lithium-ion batteries (LIBs) remains significantly underdeveloped. Despite increased importation and
deployment of EV batteries, Kenya currently lacks industrial-scale recycling infrastructure. As a result,
a gap is widening between the growing stock of retired or degraded batteries and the ability to manage
them safely and sustainably.

Existing Infrastructure and Capacity
There are no operational lithium-ion battery recycling plants in Kenya or the wider East African region.

e According to Vuka Group (2024), Kenya lacks an end-to-end LIB recycling facility capable
of material recovery.

e Only 14 out of nearly 15,000 registered waste firms are licensed to handle e-waste, and
none are equipped to recycle lithium-ion batteries on a commercial scale.

Second-Life Innovation and Informal Refurbishment

Although recycling infrastructure is limited, Kenya has seen important progress in second-life battery
use and local refurbishment initiatives.

o Knights Energy, through its battery R&D programs, has pioneered battery diagnostics and
repurposing, enabling second-life applications in residential, institutional, and commercial
electric mobility hubs. The company has also established a battery collection program,
building a stockpile of used batteries to be repurposed or passed on to future recycling
facilities once established.

e Qtron Industries, based near Nairobi, is also actively engaged in cell-level reuse and
reconfiguration of degraded EV battery packs, targeting off-grid energy use and lower-
performance applications.

e E-waste handlers and NGOs such as Enviroserve, WEEE Centre, and Acele Africa support
Kenya’s battery recycling ecosystem by safely collecting, dismantling, and exporting end-
of-life lithium-ion batteries for responsible recycling.

To sustainably manage battery waste and unlock the circular value of EV batteries, the following
recommendations can be considered:

1. Invest in Industrial-Scale Recycling Facilities: Establish local LIB recycling plants with
hydrometallurgical capabilities to extract critical minerals such as lithium, cobalt, and nickel.

2. Support Emerging Second-Life Enterprises: Incentivise businesses like Knights Energy
and Qtron to expand repurposing and collection networks as a transition solution.

3. Implement EPR Legislation: Mandate battery producers and importers to finance or
operate take-back systems and recycling logistics.

4. Clarify and Expand Licensing: Empower and license more entities to handle battery
diagnostics, sorting, and safe pre-processing.

5. Develop Export Partnerships: Until domestic recycling is viable, formalise safe export of
unusable LIBs to certified international processors.

1.7 Opportunities for Improving Battery Infrastructure in Kenya

According to the IEA’s Special Report on Batteries and Secure Energy Transitions, batteries are
considered a cornerstone in steering the global energy system towards net-zero emissions. This
transformation involves ambitious goals such as tripling global renewable energy capacity, doubling the
rate of energy efficiency improvements, and phasing out reliance on fossil fuels. Notably, electric vehicle
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(EV) battery deployment surged by 40% in 2023, with the addition of 14 million new electric cars,
highlighting the pivotal role of batteries in the transportation sector’s electrification efforts.

In the transportation sector, batteries remain indispensable for advancing and widely adopting electric
vehicles. Yet, their significance transcends transportation, as batteries play a pivotal role in various
sectors, notably within the energy industry. during the year 2023, 42GW of batteries were deployed
across utility-scale, behind-the-meter, off-grid, and solar home stationary energy storage installations
(IEA, 2024). With substantial investments pouring into the development of electric mobility, the demand
for battery technology is poised to soar rapidly. Kenya stands poised to capitalise on this existing energy
storage demand by fostering favourable policies that promote battery repair, repurposing, and recycling.

As Kenya experiences a swift uptake of electric vehicles, an accompanying surge in end-of-life batteries
is anticipated. Expanding the battery manufacturing sector can strategically position the market to
repurpose used EV batteries to meet the escalating demand for energy storage in other applications.
Embracing battery repair initiatives can extend their useful lifespan within the transport sector, while
recycling efforts can recover valuable materials and minerals for manufacturing new batteries. This
holistic approach is pivotal in effectively managing battery waste while establishing a circular ecosystem
that optimises the lifecycle of batteries.

A key outcome of this approach is the creation of employment opportunities stemming from the
development of local systems for battery management, particularly those originating from electric
vehicles. By nurturing a robust battery ecosystem encompassing repair, repurposing, and recycling,
Kenya can not only address the challenges of battery waste but also foster economic growth and
sustainability in line with global energy transition objectives.

As Kenya's electric mobility sector is rapidly growing, its battery infrastructure faces challenges. While
waste management regulations exist for used batteries, recycling capacity is limited, and high import
duties on electric vehicle (EV) batteries hinder EV adoption. However, by promoting battery repair,
repurposing, and recycling programmes, the country can reduce waste, recover valuable materials, and
expand domestic battery manufacturing to meet demand across sectors. Investing in these areas can
also create new jobs in battery management.
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2 Battery Technology

2.1 Battery Types in Motorcycles and Passenger Cars in Kenya

The common types of batteries used in EVs are Lithium Iron Phosphate (LFP), Lithium Manganese
Cobalt Oxide (NMC), and Lithium Nickel Cobalt Aluminium Oxide (NCA) batteries (Alessandro M. et al.,
2023). The difference in the types is the elemental composition of the cathode. LFPs have a phosphate
component on the cathode, which tends to be a safe material from potential thermal runaways in high
temperature conditions (Chen et al., 2009). They are mainly used in low-medium range EVs due to their
longer lifetimes. NMC batteries, on the other hand, are preferred in medium-high range applications.
Although manganese is known for its low specific energy, the batteries’ nickel composition improves its
specific energy, giving it good energy and thermal characteristics. They are also considered to be an
eco-friendly battery option and are widely used in the EV industry. As for NCA, the manganese in NMC
is replaced by aluminium, further boosting the batteries’ energy density. The downside of NCA is their
tendency to overheat an instability at high temperatures. This presents the danger of thermal runaway.
NCA batteries are therefore less preferred and are slowly being phased out in EV applications
(Alessandro M. et al., 2023). Besides the LFP, NMC and NCA variants of lithium batteries, others are
Lithium Manganese Oxide with Lithium Nickel Oxide (LMO/LNO), like the ones in Nissan Leaf
Generation 1 batteries (Rastegarpanah et al., 2021), Lithium Manganese Oxide Rechargeable (IMR),
Lithium Cobalt Oxide Rechargeable (ICR), and Lithium Nickel Manganese Cobalt Oxide Rechargeable
(INR), which are optimised to suit different use cases (Ufine, 2024).

In the context of electric vehicles (EVs) in Kenya, the predominant types of batteries used are lithium-
ion for small passenger cars and Lithium Iron Phosphate for buses designed to ferry many passengers.
In this emerging market, lithium-ion batteries reign supreme due to their superior energy density, longer
lifespan, and faster charging capabilities compared to conventional options (U.S. Department of Energy,
2021). Lithium iron phosphate (LFP) batteries are also popular with companies assembling and selling
electric motorcycles in the country. It is also the chemistry used in most electric buses within the country
(BasiGo, 2024). This is mainly because of the affordability and comparatively safer nature of Lithium
Ferro Phosphate batteries as compared to their Lithium-ion counterparts. It is also commonplace to find
Nickel Metal Hydride (NiMH) batteries in earlier versions of Hybrid Electric Vehicles (HEVs) in Kenya.
NiMH batteries have a much longer life cycle as compared to Lead Acid batteries and are more tolerant
to abuse. However, their main limitations are high cost, high self-discharge rate and the need to control
hydrogen loss (Alternative Fuels Data Centre, 2024). The table below gives a range of battery capacity
across different vehicle segments.

Table 2 Battery capacity, type and voltage range for vehicle types

Electric Used by startups like Roam,
Motorcycles LEP, NMC 48V -72V EEDLl Ampersand, Ecobodaa, Spiro
Electric Used for cargo and
Tricycles LFP, NMC 60V -96V 5-10 kWh passenger transport, with
(Tuk-tuks) growing adoption in cities
Small 4-

Common for urban mobility

Wheelers LFP, NMC 72V - 350V 24 - 100 kWh . .

.. and last-mile deliveries
(Mini EVs)
Electric BasiGo, Roam, and other
Passenger LFP, NMC 300V - 600V 100 - 300 kWh | companies are running pilot
Buses and commercial fleets
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2.2 Specifications and Performance Characteristics of Common Battery
Types

When evaluating the specifications and performance characteristics of common battery types used in
EVs, several factors come into play. Lithium-ion batteries, which are widely employed across different
vehicle categories, offer advantages such as high energy density, rapid charging capabilities, and long
cycle life. These attributes make them well-suited for various applications, from lightweight motorcycles
to heavy-duty buses. In the realm of electric vehicles (EVs) in Kenya, battery capacities vary widely
depending on the vehicle type and intended use.

For electric motorcycles, the most prevalent battery capacities typically range from 1.44 kWh to 3.24
kWh, giving a riding range of up to 80 km per charge (Joseph, 2024). However, some models offer the
option for additional battery installation, effectively doubling their energy storage capacity. This flexibility
allows for extended range and enhanced performance, catering to diverse user needs across urban
commuting and more trips before recharge/swap for those in the motorcycle passenger and goods
transportation business.

The Nissan Leaf, particularly its first and second-generation models, has been a notable presence in
Kenya’s EV market, originally featuring a 24-kWh battery pack. Over time, newer models have emerged
with improved battery capacities, enhancing their range and efficiency. Alongside the Leaf, the BYD
Atto 3 Essential, equipped with a 49.92-kWh battery, has gained traction among environmentally
conscious motorists. Another advanced option available in Kenya is the Skyworth EV6, boasting battery
capacities of up to 85 kWh, offering significant range for both city commuting and long-distance travel.
These models collectively contribute to the growing adoption of EVs in Kenya, fostering sustainable
mobility solutions.

In the realm of public transportation, passenger ferrying buses within the country often feature larger
battery capacities to meet the demands of continuous operation and accommodate high passenger
volumes. These buses typically utilise battery packs with capacities of 144 kWh or higher, offering
around 250 km driving range, enabling extended service intervals and reduced emissions compared to
conventional diesel-powered counterparts.

2.3 Storage Capacities and Characteristics

The batteries highlighted below offer a service life of around 10 - 20 years before they experience a
significant drop in their state of health that makes them no longer suitable for use in heavy-duty traction
applications (Najman, 2023). They can then be repurposed for second-life applications or broken down
to their component modules or cells and reassembled into battery packs for other applications. Table 4
compares the characteristics of various lithium battery types (Battery University, 2023).
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Table 3 Characteristics of Various Lithium Battery Types

Voltages
(Nominal
Typical)

Specific Energy

Charge (C-rate)

Discharge (C-
rate)

Cycle Life

Thermal
runaway

Applications

Comments

3.6 (3.0-
4.2)

150-200Wh/kg

0.7-1C

1C, 2.5V cut-off

500-1000

150°C

Mobile phones,
tablets,
laptops, and
cameras

High specific
energy,
expensive,
energy cell,
early version.

3.7 (3.0-4.2)

100- 150Wh/kg

0.7-1C

1C, 10C, 30C

pulse, 2.5v
cut-off

300 -700

250°C

Power tools,
medical devices,
electric power
trains

High power, less
capacity, safer
than LCO, less
relevant

3.6,3.7 (3.0 - 4.2)

150-220Wh/kg

0.7-1C

1C, 2C, 2.5V cut.
off

1000 - 2000

210°C

E-bikes, medical
devices, EVs,
industrial

High capacity
and

power, popular
among many
users, leading
system

3.2,33(25-
3.65)

90-120Wh/kg

1C

1C, 25C, 2.5V
cut-off

>2000

270°C

EVs, Stationary
Storage

Flat voltage
discharge
curve, one of
the safest,
elevated self-
discharge

3.6 (3.0-4.2)

200-260Wh/kg

0.7C

1C, 3.0V cut-off

500

150°C

Medical
devices,
Industrial,
electric
power-train
(Tesla)

Like LCO, high-
energy cells,
used by
Panasonic and
Tesla

2.4,(1.8-2.85)

50-80Wh/kg

1C, 5C

10C, 30C
pulse

1.8V cut-off
3000-7000

280 °C

UPS, electric
powertrain
(Mitsubishi I-
MIEV, Honda
Fit EV), Solar
Street lighting

Long life, fast
charge, safe,
low specific
energy,
expensive

As highlighted in the table, traction applications require batteries with high energy density to reduce the
overall weight of the vehicle, thus improving efficiency, as well as high charge and discharge rates to
allow for shorter charging times through the use of DC fast charging facilities.

2.4 Trends in Battery Technology Development

2.4.1 Solid-State Batteries

The development of solid-state batteries is potentially the most promising advancement in EV battery
technology. These batteries use solid electrolytes instead of liquid or gel-based electrolytes. Unlike Li-
ion batteries that have a risk of damage, such as swelling resulting from temperature change or leakage
caused by external force, solid-state electrolytes exhibit improved stability due to their solid structure,
hence better safety as they maintain their form even when the electrolyte is damaged. Solid state
batteries also have higher energy densities, a great feature for EV batteries that need to pack a lot of
energy in a compact space for increased range (Samsung SDI, n.d.).

However, factors such as high manufacturing costs, scalability challenges, and material design
constraints, which impact performance and temperature sensitivity, limit their application at this stage
when the technology is still in its infancy.
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2.4.2 Silicon Anode Batteries

Silicon anode batteries can store more energy compared to their traditional graphite anode counterparts
due to silicon’s higher energy density than that of graphite. This can help increase the range of electric
vehicles while maintaining the same physical size and weight of the battery. Commercialisation of
silicon anode batteries is spearheaded by startups like Sila Nanotechnologies, OneD Battery Sciences,
among others, in partnership with Automakers like General Motors and Mercedes (Patel, 2022).

The challenges associated with the use of Silicon Anode batteries are their expansion when charging,
which leads to structural degradation, hence reducing their lifespan and higher manufacturing costs
compared to those of established technologies.

2.4.3 Lithium-Sulphur Batteries

According to research (Lynch, 2023), this is “a promising battery design that pairs a sulphur-containing
positive electrode (cathode) with a lithium metal negative electrode (anode)”. This technology promises
a much higher energy density than the commonplace Li-ion batteries and has the advantage that it
utilises Sulphur that is extremely abundant and cost-effective. Researchers are working to overcome
the challenges presented by sulphur, which caused corrosion in traditional batteries.

2.4.4 Sodium-ion Batteries

Sodium-ion batteries, whose commercialisation already started in 2023 (Zarrabeitia, et al., 2023), have
the potential of making EVs more affordable. They are postulated as the most economical and
sustainable alternatives to Li-ion batteries. However, their electrochemical performance needs to evolve
through strategies that optimise their energy density and life cycle.
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3 Battery Manufacturing

3.1 Key Players in the Battery Manufacturing Value Chain in Kenya

3.1.1 Associated Battery Manufacturers

ABM is a major battery manufacturing company in Kenya that produces lead-acid batteries for solar
power storage and low-voltage (12 V) automotive applications (both vented and maintenance-free). The
company has partnered with various leading companies in the region to make their products available
to their clients. Given that this is the only firm that manufactures batteries in the country, and that it only
manufactures lead-acid batteries, there is a gap in the local manufacturing ability of lithium batteries.
There are other players in the battery industry, like Centre for Alternative Technologies (CAT), that
import readymade batteries for static storage applications (Centre for Alternative Technologies, n.d.).

3.2 Enabling Frameworks and Barriers to Battery Manufacturing in
Kenya

3.2.1 Frameworks that promote domestic battery manufacturing

Promoting trade within African countries through the Intra-Africa trade accelerates domestic battery
production by expanding the market niche for local manufacturers. Agreements like the African
Continental Free Trade Area (AfCFTA) exemplify this by lowering trade barriers. Kenya’s successful
export of its first batch of lead-acid car batteries (chloride-Exide batteries) to Ghana in 2022
demonstrates the effectiveness of this approach. Easier movement of goods across borders also means
that battery manufacturers can more easily access raw materials and other inputs they need from other
African countries. However, the implementation of the single continental market has been delayed for
several reasons, from the COVID pandemic to the lack of agreement on the rules governing the
guarantee of origin for some product lines and the failure of some of the signatories to ratify it.

Continued government support and private sector investment in the EV industry will grow and create
an increased demand for EV batteries, thus incentivising companies to set up manufacturing plants.
Conferences and partnerships also form a critical part of the needed framework. The 3annual Africa
International e-waste conference that was held on 29" November 2023 at the WEEE Centre, explored
policy frameworks, e-waste trends, corporate initiatives, and the role of technology in creating a circular
economy for electronics in Africa.

The UNEP Global Electric Mobility Programme Africa Workshop was a first-of-its-kind workshop
bringing together multiple African countries to discuss used electric vehicles (EVs), battery end-of-life
management, and creating a circular economy for EVs on the continent. It was held at the United
Nations Complex in Gigiri from 24" to 25" April 2024. The workshop highlighted the growing demand
for EV battery reuse and recycling and promoted the development of relevant policies. As Kenya
develops its EV recycling industry, it can unlock economic opportunities through the creation of a
domestic supply chain for raw materials.

During the KPLC E-Mobility Conference and Exhibition - held at KICC on 23"to 24" April 2024 - the

government emphasised its commitment to supporting the transition to E-Mobility. The KPLC
conference held a panel discussion on the promotion of local EV manufacturing in Kenya. By increasing
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demand for EVs, potentially offering incentives, setting standards, and developing a skilled workforce,
the conference paves the way for Kenya to potentially become a player in the EV battery manufacturing
space.

3.2.2 Barriers to setting up local battery manufacturing:

Financing: Establishing a lithium-ion battery manufacturing facility requires a significant upfront capital
investment, from $1 million to over $10 million, depending on various factors like location, scale and
technology (Financial Model Templates, 2024). This includes the cost of specialised machinery, cutting-
edge technology, and implementing robust safety measures to comply with regulations. Battery
manufacturing facilities come in various sizes, with mega factories being the largest and most
expensive. These can produce millions of batteries annually and occupy hundreds of thousands of
square metres. Smaller facilities targeting niche markets or research can be established for tens of
millions of dollars. These high costs can be a major hurdle for potential Kenyan manufacturers,
especially for startups or small and medium-sized enterprises (SMEs).

o Competition: The large-scale production of Lithium-ion Batteries (LIB) is dominated by a few
established players like BYD, Contemporary Amperex Technology Co., Limited (CATL), LG
Chem, and Panasonic. Kenyan manufacturers would face stiff competition from these large
companies, which benefit from economies of scale and might offer lower prices. Companies
like BYD from China have already started selling electric buses within the country.

o Limited Expertise: Setting up a battery manufacturing plant requires specialised knowledge
and a skilled workforce. Kenya will need to invest in training programmes to create a domestic
talent pool and attract foreign experts to bridge the skill gap.

e Technology Transfer: Convincing established battery manufacturers to share their technology
with Kenyan companies could be difficult. This limitation restricts Kenya'’s ability to produce
advanced batteries that compete globally. Battery producers, cathode producers and anode
producers from China, Korea, Japan, the USA and Germany are reluctant to share knowledge
and strongly protect their intellectual property.

o Environmental Concerns: Battery production can have negative environmental impacts if not
managed properly. Kenya would need to establish and enforce strict regulations for the safe
disposal and recycling of battery waste to adhere to environmental standards.

e Unstable Electricity Supply: An unreliable electricity supply can disrupt production and inflate
costs. To support a large-scale EV battery industry, Kenya would need to improve its national
power grid to ensure a consistent and stable electricity supply.

3.3 Availability and Quality of Raw Materials for Battery Manufacturing
in Kenya

In Kenya, the common high-voltage batteries for electric mobility are Lithium-lon batteries, making them
a feasible option for local manufacturing. The minerals needed for Lithium-lon batteries include
aluminium, cobalt, copper, iron/steel, lithium, manganese, nickel, and plastic. (Sobianowska-Turek et
al.,, 2021). Table 4 shows the countries with the largest mineral reserves/ top producers of minerals
needed to manufacture the common battery types.
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Table 4 Countries with the biggest mineral reserves/ top producers of minerals

Material Biggest global reserves/ mines

Aluminium China, India, Russia, United Arab Emirates (UAE)

Cobalt DRC (Kinshasa), Australia, Indonesia, Cuba

Lithium Australia, Chile, China, the US, Canada, Brazil, and Zimbabwe
Nickel China, Australia, Brazil, Indonesia, Russia, Philippines, France
Copper Chile, Peru, Australia, China, Zambia

Lead China, Australia, Peru, DRC (Kinshasa), Mexico, US, Russia
Manganese South Africa, US, China, Australia

Iron/ Steel China, India, Japan, Korea, Russia

Graphite Austria, China, Mozambique, Madagascar, Tanzania, Russia

Kenya lacks adequate mineral reserves to manufacture batteries at scale. Lithium, found within
lepidolite mica, has been discovered in a pegmatite deposit at Sebit, in West Pokot and Lake Bogoria
in Kenya (Pulfrey & Walsh, n.d.). This is a key component in EV batteries. Mining of lithium would
reduce dependence on external suppliers such as China and promote local manufacturing. Currently,
there are no plans for extraction, as the economic viability of mining the minerals remains unproven.
This means that the country would need to source materials through importation. Leading lithium
producers hail from the Southern Hemisphere, with Chile and Australia being at the forefront. Major
players in nickel production are mainly China, Australia, and Brazil. On the upside, there’s plenty of
opportunity for Pan-African trade, which would reduce the costs of importation of raw materials needed
for battery manufacturing.

3.4 Organisations Involved in Battery Reuse and Recycling in Kenya.

3.4.1 Enviroserve

Enviroserve Kenya Limited, established in 2017, is a commercial social enterprise dedicated to
environmentally friendly and sustainable electronic waste (e-waste) management. Their mission
includes keeping toxic materials out of landfills and contributing to a circular economy.

Kenya is grappling with challenges related to the complex process of recycling lithium-ion batteries.
Enviroserve, a key player in battery recycling, handles substantial quantities of both Lithium-lon Cobalt
and Lithium-lon Phosphate batteries. To improve efficiency, the company is exploring advanced
solutions, including the potential acquisition of a battery shredder to facilitate the separation of
components for recycling.

Currently, Enviroserve has approximately 20 tons of Lithium-lon Phosphate batteries in storage and is
actively collaborating with various organisations to develop viable recycling methods. These efforts aim
to enhance sustainable battery management, reduce environmental impact, and support Kenya’s
transition toward a more circular economy (Enviroserve n.d).

Enviroserve Kenya is committed to participating in global and regional research to develop solutions for
recycling problematic toxic materials within e-waste, aiming to reduce environmental pollution and
promote a healthier future.

3.4.2 WeTu

WeTu addresses the reuse and recycling of lithium-ion batteries through its WeCollect initiative, which
is part of its broader commitment to the circular economy. This program focuses on the collection,
repair, and recycling of electronic waste, including components from lithium-ion batteries used in their
solar-powered fishing lamps. At their pre-processing plant in Homa Bay town, collected e-waste
undergoes functionality tests, repairs, dismantling, and separation of components. Usable parts are
repurposed, while non-functional components are sent to specialised recycling facilities for further
treatment and safe disposal. This approach ensures that materials from lithium-ion batteries are either
reused or recycled, minimising environmental impact and promoting sustainability. This reduces waste
and promotes a circular economy. (WeTu n.d)
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In the future, they plan to extend this concept to their WeMobility electric vehicles, including motorbikes
and three-wheelers. This future system will not only explore giving the vehicles a second life but also
encompass collecting and recycling the electric batteries that power them.

3.4.3 Aceleron

Aceleron, operating in Kenya as AceleAfrica, is a leading battery technology company focusing on
sustainable energy storage solutions. They have pioneered Africa's most sustainable lithium battery
packs through a comprehensive circular economy approach (AceleAfrica n.d).

Their unique battery design allows for easy assembly and disassembly, enabling the replacement of
individual cells rather than discarding the entire battery. This design not only extends the battery's
lifespan but also facilitates efficient reuse and recycling of lithium batteries (Toyota Tsusho, 2022).

Acceleron develops high-performance, long-lasting lithium-ion batteries for a variety of applications,
including renewable energy integration (solar, wind), off-grid power systems, electric vehicles,
residential energy storage, commercial energy storage and industrial energy storage.

By focusing on repairable and upgradable battery technology, Aceleron significantly reduces waste and
promotes environmental sustainability in Kenya and across Africa.
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4 Battery Types for EV and Stationary
Applications

4.1 Electrochemical Comparison of EV Traction and Stationary
Batteries

Batteries are generally used for energy storage and are categorised and manufactured based on their
applications. These categories include consumer batteries (such as those in mobile phones and
laptops), EV batteries, and energy storage batteries used in commercial and residential power storage
systems. When comparing the electrochemical characteristics of traction batteries for electric vehicles
(EVs) with those used for stationary applications, several differences and similarities become apparent.
These differences primarily arise from the unique demands and operational environments of each
application.

The most widely used energy storage systems are lithium-ion batteries due to their characteristics of
being lightweight, cost-effective, having high energy density, low self-discharge, a higher number of
charge/discharge cycles, and no memory effect. Both traction batteries for EVs and stationary
applications batteries can be made from lithium iron phosphate or other chemistries. The main
differences lie in the battery management system (BMS), power response speed, and charge/discharge
characteristics as shown in Table 6.

Table 5 Differences between traction batteries for EVs and batteries used for stationary applications

Compact and lightweight to improve = Less concern for weight and size, allowing

Weight and Size vehicle efficiency and performance for larger designs and greater capacity
Performance High performance for rapid .
. : . Lower performance requirements

Requirements acceleration and fast charging.

. ngh S G & Maximise Lower energy density, weight, and size are
Energy Density driving range and ensure quick, safe | o Cinoa)

charging.

. High power density for rapid Variable power density based on

Power Density acceleration and deceleration application needs

Advanced thermal management

Temperature t to handl . d Simpler thermal management in
Management Systems to handle varying an controlled environments
extreme conditions
Moderate cycle life due to frequent Long cycle life to provide reliable energy
Cycle Life 3;31:slgh-5tress charge-discharge storage over many years
Safe Enhanced safety features due to high = Robust safety measures, but simpler due
ty power output and accident potential = to controlled environments

4.2 Opportunities for Using Second-Life EV Batteries in Stationary
Applications

The rapid growth in electric vehicle (EV) sales is driving a surge in battery demand, with global EV
battery consumption exceeding 750 GWh in 2023. Notably, approximately 95% of this increased battery
demand stems from the rising sales of EVs (IEA Electric Vehicle Outlook 2024). This trend has
significantly heightened the need for critical minerals like lithium, essential for battery production.
However, efforts to decentralise battery manufacturing remain slow, creating an opportunity for
developing countries—mainly importers of battery technologies—to explore sustainable battery
lifecycle management.
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As EV batteries near the end of their first life, they become viable for secondary applications, particularly
in stationary energy storage systems, helping expand renewable energy storage capacity. This
transition to second-life battery use reduces dependence on mining and sourcing raw materials,
supporting more sustainable energy solutions.

In Kenya and other major developing economies, repurposing second-life EV batteries presents
multiple opportunities, particularly in improving electricity access in remote areas, where Kenya’s
electrification rate is about 77% (African Development Bank, 2023). Once EV batteries reach 70% to
80% capacity (Sarker et al., 2024), they can be utilised for off-grid energy storage, capturing excess
energy from solar panels and wind turbines to provide reliable power in areas with limited or unstable
grid connections. Additionally, integrating second-life EV batteries into mini-grids and decentralised
energy systems can enhance storage capacity and accelerate renewable energy adoption, reinforcing
Kenya’s push toward cleaner, more sustainable power solutions.

Moreover, these batteries contribute to grid stability by storing renewable energy during periods of low
demand and releasing it during peak times, which is crucial for meeting evening peak-hour energy
demands. By balancing supply and demand on the grid, they reduce the risk of blackouts and enhance
overall grid reliability. Furthermore, second-life EV batteries can serve as backup power sources for
critical infrastructure such as hospitals, schools, and telecommunications facilities, ensuring
uninterrupted operations during grid outages or emergencies, as demonstrated by Betteries AMPS
GmbH in Ukraine (Betteries AMPS GmbH, n.d.).

Additionally, integrating second-life EV batteries into charging stations for electric vehicles can help
manage peak demand and provide fast charging capabilities. This encourages EV adoption by
addressing concerns about charging infrastructure availability and reliability. Knights Energy, for
instance, is involved in projects to build solar charging hubs for electric two-wheelers, swapping stations
supported by repurposed Nissan Leaf batteries, showcasing the potential of this approach.
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5 Best Practices for Battery Reuse and
Recycling

5.1 International Benchmarks for Battery Re-use and Recycling.

In 2023, global renewable energy capacity surged by nearly 50% to about 510 gigawatts (GW), driven
by significant battery utilisation, particularly in electric vehicles (EVs), which represented 90% of total
battery demand. Despite this growth, Sub-Saharan Africa faces severe energy access challenges, with
approximately 600 million people lacking electricity. African nations are focusing on battery technology
to enhance energy access, aiming for 5 GW of storage capacity by 2024. Over the past 15 years, battery
costs have decreased by 90%, making lithium-ion batteries more accessible, though repurposed
batteries offer a more cost-effective alternative. This push for cost-efficient energy storage solutions is
crucial for integrating renewable energy and achieving sustainability goals, including the need to triple
renewable energy capacity and double energy efficiency by 2030.

Regions that produce EVs (EU, China, Japan, India and the US) have set the pace in addressing the
recycling of used batteries and circularity. This section highlights key regional regulations and
standards.

5.1.1 European Union

The European Union’'s New Batteries Regulation (2023) aims to make batteries more sustainable
throughout their lifecycle, with a strong focus on promoting a circular economy for batteries. The EU
has set ambitious recycling efficiency targets, mandating a collection rate of 61% by 2030 for Light
Means of Transport (LMT) batteries with a focus on recovering critical raw materials like cobalt, lithium,
and nickel. Safety is addressed, as the regulation requires all batteries placed on the EU market to have
a CE marking by 2026, indicating compliance with safety and environmental standards.

A legible carbon footprint declaration is required for batteries with a capacity greater than 2 kW. The
carbon footprint declaration must accompany the battery until it becomes accessible via the QR code
from February 18", 2027. Need to show a label with the level of recycled cobalt, lithium and nickel.
Batteries are required to use more recycled materials, and the use of mercury and lead is restricted.
The policy mandates digital battery passports containing information on battery composition,
performance, and recycling. Starting from August 2026 (or 18 months after a specific implementing act
is adopted), EV batteries will need to be labelled with their capacity. The European Commission is
currently developing the exact format for this label in a delegated act, with a deadline of February 18™,
2025.

In addition, the EU Commission is developing a separate delegated act that will establish how to
calculate and verify the rates for recycling efficiency and material recovery of batteries. This act is
expected to be finalised by February 18", 2025. Once in place, the act will provide a standardised
method for calculating these rates across the EU.

In the European Union, the Battery Regulation (EU) governs the repurposing and recycling of electric
vehicle (EV) batteries 2023/1542, which was adopted by the Council on July 10, 2023 (European Union,
2023).
This regulation establishes comprehensive requirements for the entire lifecycle of batteries, including
those used in electric vehicles. Key provisions relevant to EV battery repurposing include:
e End-of-Life Management: The regulation mandates specific collection targets for waste
batteries and sets ambitious recycling efficiency goals. For instance, it establishes a target for
lithium recovery from waste batteries of 50% by the end of 2027 and 80% by the end of 2031.
e Recycled Content Requirements: The regulation introduces mandatory minimum levels of
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recycled content for industrial, SLI (Starting, Lighting, and Ignition), and EV batteries. These
are initially set at 16% for cobalt, 85% for lead, 6% for lithium, and 6% for nickel. Batteries will
be required to hold recycled content documentation to verify compliance.

e Sustainability and Safety Criteria: The regulation imposes performance, durability, and safety
criteria, along with strict restrictions on hazardous substances like mercury, cadmium, and lead.
It also mandates the provision of information on the carbon footprint of batteries.

e Additionally, the regulation emphasises the importance of due diligence in sourcing raw
materials and requires operators to verify the source of materials used in batteries placed on
the market. This aims to reduce environmental and social impacts throughout the battery life
cycle.

5.1.2 China

China boasts impressive recycling rates for lead-acid batteries (over 95%), which serve as a potential
benchmark for future lithium-ion battery recycling efforts. Currently, China’s regulations aim to promote
circularity for EV batteries through reuse and recycling and sharing information and establishing
recycling channels for used batteries. Automobile manufacturers specifically must set up recycling
outlets for collecting used batteries, partner with scrapers to share information and technology, and
provide convenient services for battery replacement and recycling. Battery owners have the
responsibility to return used batteries to designated recycling outlets. Finally, the government plays a
critical role by establishing a traceability information system for battery tracking, developing technical
standards for battery recycling, and supervising and managing the implementation of these regulations.

Another interesting feature is the Echelon utilisation, which refers to “the process of essential detection,
classification, and battery repair of retired power batteries of EVs, intending to apply retired batteries to
other fields, such as electric tools, solar/wind energy storage devices” (Xing & Yao, 2022). China is
actively pushing for the large-scale adoption of echelon utilisation for EV batteries. A national R&D
project, “Key Technology for Large-Scale Engineering Application of Echelon Utilisation of Power
Batteries”, has been launched to develop the necessary technology (Zhang et al., 2020). Additionally,
several utilisation cases are underway, such as the 1 MWh energy storage system by GMDE, Hangzhou
Zhongheng Electric Co., Ltd. & Nantong Power Supply Bureau, and the State Grid Henan Energy Power
Corporation that generates 4500 MWh in a year.

Interim Measures for the Interim Regulations on the
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Figure 4 China’s key policy for recycling end-of-life electric vehicle batteries - Huang et al. (2022)

One noticeable feature is Extended Producer Responsibility, where China’s regulations state that
manufacturers (both auto and battery) are responsible for designing batteries for easy disassembly and
recycling, collaborating on coding batteries.

Table 7 shows relevant national and industry standards in China. Industry standards are from players
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such as the National Energy Administration (NEA), China Electricity Council (CEC), China Energy
Storage Alliance (CNESA), and China Association of Communication Enterprises (CACE).

Table 6 Relevant national and industry standards for EV battery repurposing in China - Liu et al. (2022)

GB/T 34013 Dimensions of traction battery for electric vehicles National

GB/T 34014 Coding regulation for automotive traction battery National

GB/T 34015 Rec.ycling oftrgction battery used in electric vehicle - Test of
residual capacity

GB/T 36276 Lithium-ion battery for electrical energy storage National

Operation performance index and evaluation of an

National

GB/T 36549 . . National
electrochemical energy storage station

GB/T 34131 Technical sta}ndard for the battery n.lanagement system of an National
electrochemical energy storage station

GB/T 36547 Technical rule for an electljochemlcal energy storage system National
connected to the power grid

GB/T 36548 Test specification for an electrocht.amlcal energy storage National
system connected to the power grid
Technology and service specifications of the echelon using

T/CAICI3-2 LiFeP0O4 batteries CACE

NB,/T 42091 Technical sp.ec1f1cat10n for 11th1um-19n batteries of the NEA
electrochemical energy storage station
Technical requirements and test method of echelon using

LRSS LiFePO4 batteries for 48 V telecommunication application CACE

T/CNESA 1000 Evaluation specification for electrochemical energy storage CNESA
system

T/CNESA 1002 Technical spec1f1.cat10n for the battery management system of CNESA
the electrochemical energy storage system

T/CEC 172 Safety requirements and test methods of lithium-ion battery CEC

for electrical energy storage

5.1.3 United States

The United States Resource Conservation and Recovery Act (RCRA): The Environmental Protection
Agency (EPA) regulates batteries under the RCRA memorandum, which clarifies the regulations for
lithium-ion battery recycling. Key points from the memorandum include:

e Most batteries are considered hazardous waste, due to their potential ignitability and reactivity.
Businesses that generate or collect used lithium-ion batteries should follow universal waste
regulations (40 CFR part 273)

e Universal waste handlers can store, transport, and accumulate batteries before shipping them
to a permitted treatment or recycling facility.

e Damaged or defective batteries have specific transportation requirements and cannot be
managed under universal waste.

e Universal waste regulations allow certain battery management activities, including sorting,
mixing, and discharging. However, black mass, a material produced from shredded batteries,
is not considered a universal waste and may still be hazardous. If it's being disposed of instead
of recycled, it would be subject to stricter land disposal restrictions.

e Reusing batteries that can still function effectively is exempt from hazardous waste regulations.

e Lithium batteries can be recycled under specific exclusions (40 CFR 261.4(a)(24) and (25)) as
long as certain conditions are met by both the generator and the recycling facility. These
conditions might involve financial assurance or permits for the recycler and audits by the
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generator.

e |tis the generator’s responsibility to correctly classify their waste stream (batteries in this case)
and manage it according to RCRA regulations. This includes sorting batteries by chemistry to
avoid contamination.

e Materials from recycled batteries are no longer considered waste when they are refined enough
to be directly used in manufacturing new products.

e Lithium batteries are specifically excluded from the scrap metal exclusion and cannot be
managed under those regulations.

Table 7 Relevant national and industry standards for EV battery repurposing in the US

Standards for rating and fire-testing of heating, ventilating, and air-conditioning (HVAC)
UL 9540 equipment. This is relevant to EV battery safety in the context of thermal management
systems

Safety standards for battery charging systems, including those used for electric vehicles
EVs. The standard outlines requirements for factors such as electrical safety, fire safety,

UL 1973 and over-current protection to reduce the risk of electrical hazards during battery
charging.

UL 1974- Addresses the reuse of batteries in echelon utilisation (2018 edition). It covers the entire

2018 process of safely reusing batteries, including information tracking, inspection, testing,

and assembly

5.1.4 Japan

Japanese Automobile Recycling Law 2005 established a legal system for recycling fluorocarbons,
airbags, and shredder dust generated from used vehicles. All end-of-life vehicles must be dismantled
and recycled in an environmentally friendly way. An IT tracking system is mandatory to ensure this is
done. Owners pay a recycling fee when purchasing a vehicle to fund the collection and treatment, and
manufacturers take back the car for recycling when it is scrapped. However, electric vehicle batteries
are not covered by this law. However, as manufacturers’ responsibility, car manufacturers voluntarily
collect these batteries for free, but sometimes they are resold by scrapers (Doi & Park, 2024).
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Figure 5 Reuse and recycling of batteries in Japan - (The Institute of Energy Economics, Japan, 2021)

The Act on the Promotion of Effective Utilisation of Resources, revised in 2000, and the Basic Act on
Establishing a Sound Material-Cycle Society promote the reduction and reuse of waste. Business
operators are encouraged to conduct independent and autonomous collection and recycling activities.
Manufacturers should conduct self.

collection of waste sealed batteries by designating self-collection points, or other measures. A March
2001 ministerial ordinance provided further requirements on take-back, including that manufacturers
can work with third parties, including on the reuse and processing of batteries (Farmer & Watkins,
2023). In 2018, the Ministry of Environment launched the 4th plan for establishing a Circular Society.
The three main drivers in the plan include regional revitalisation through a circulation system, the full
circulation of resources’ life cycle, and the appropriate processing of waste or regeneration of
resources.

5.1.5 India

Two important regulatory documents shaping the EV battery industry in India include the Battery Waste
Management Rules (BWMR) 2022 and the Draft Battery Swapping Policy. The BWMR implements
Extended Producer Responsibility (EPR), which makes battery producers financially and operationally
responsible for collecting and managing used batteries at their end-of-life. The BWMR also mandates
the establishment of a nationwide infrastructure for collecting used EV batteries from consumers and
dealers. The Draft Battery Swapping Policy, on the other hand, proposes a Unique ldentification
Number (UIN) system for EV batteries. This UIN would facilitate life cycle management, including data
collection at various stages of the battery’s life.

5.1.6 Other benchmarks

The Battery Passport concept, which emerged from the Global Battery Alliance (GBA) in 2020, aims for
a more sustainable battery industry. It acts like a digital record of a battery, containing information on
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its environmental impact, materials used, and manufacturing process. Many countries have begun to
standardise this practice. As earlier mentioned, the European Union Battery Regulation requirement for
Battery Passports, for instance, will be phased in, with the first stage focusing on carbon footprint
starting in February 2027. In China, EV manufacturers have been required to use a unique ID to trace
their batteries since 2018. California will start requiring electric vehicles registered from 2026 onwards
to have batteries that are labelled with a digital identifier (QR code) that links to online information on
the battery chemistry (cathode and anode type), manufacturer, date of manufacture, minimum voltage,
and rated capacity (California Code of Regulations 2022)

Policy Research is another key aspect. China, for example, makes effective decisions through
extensive analysis of its policies. Examples include (Huang et al., 2022), who studied battery recycling
policies for boosting electric vehicle adoption. (Tang et al., 2019) found reward-penalty schemes to be
most effective in boosting recycling rates and social benefits. Lastly, Ding et al. (2020) explored how
collection and dismantling subsidies affect businesses’ decisions, identifying optimal policy choices
based on government and company goals.

Private sector involvement is a big supporter of the EV battery recycling industry. Private companies
like Ascend Elements, a leading provider of sustainable EV battery materials, can recycle 70,000 EV
batteries per year and recover up to 98% of the critical metals. Table 9 gives examples of American

and European countries involved in reuse and repurposing:

Table 8 American and European countries are involved in reuse and repurposing

Repurpose A reuse company that developed a way to shorten the process of = American
testing battery degradation, which traditionally took 1 day, to Private
Energy approximately 1 minute Company
Smartville A spin-out from the University of California, San Diego Energy American
Ener Research Centre, which focuses on battery reuse. Developed a Private
8y refurbishing process that supports a variety of batteries. Company
adopted an approach that T SIEET
ReJoule pte pp : o . Private
optimises the secondary life battery that starts inside the vehicle ompany
Lithion, Retriev . ) ) Canadian and
Technologies, Recycling companies with _ American
and Licycle capacities of up to 2500, 4500 and 7500 tonnes respectively Private
Companies
The company was co-founded in 2017 by a former Tesla CTO
Redwood ].B. Straubel to recycle batteries for EVs and home appliances. EU Private
Materials The company became one of the first five investors in Amazon’s Company
$2 billion Climate Pledge Fund (Kumagai, 2021)
Battery leasing scheme “RECHARGE” that lets consumers pay a
monthly fee for battery use. The manufacturer retains ownership EU Private
Renault of the battery while consumers purchase the vehicle. The Compan
manufacturer has control over the timing of repair and pany
replacement of batteries.
Collaborators
(Daimler, 13 MWh battery storage facility using EV batteries. EV batteries EU Private
The Mobility are used to improve the grid. stability. The project used 1,000 C
House, GETEC, second-generation EV batteries to provide power grid stability. ompany
REMONDIS)
2BC . Research on the feasibility of repurposed EV batteries for home EU Private
yled project : ; .
energy storage, paired with solar photovoltaic cells Company
Collaborators Tests the feasibility of repurposing EV batteries for grid EU Private
(Vattenfall, applications. They used 100 EV batteries for stationary storage .
BMW, Bosch) to sell the storage to the primary control reserves by Vattenfall o gilles
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The reuse of EV batteries is currently a growing area of research, but is not yet as common as recycling.
EV batteries that no longer have enough capacity for traction applications can be repurposed for
stationary energy storage in homes, businesses or for grid stability. Recycling involves dismantling the
battery, then recovering valuable raw materials. There are two main methods for recycling, namely
pyrometallurgical recycling and hydrometallurgical recycling.

In pyrometallurgical recycling, the battery is crushed and then heated in a furnace at high temperatures,
thus separating the metals from other materials. It offers the advantage of being flexible and suited for
processing a mix of battery chemistries from various sources. This process can recover cobalt, copper
and nickel. Aluminium, lithium, graphite, electrolytes and plastics are not usually recovered. The
process emits relatively high levels of greenhouse gases and can produce toxic gases and air
pollutants. Additionally, it generates solid waste that requires special handling and disposal. Large-
scale, centralised recycling plants require high capital costs and long-distance transport of batteries.
In hydrometallurgical recycling, the battery components are crushed and dissolved in a strong acid
solution. This solution is then treated to recover valuable materials like lithium, cobalt, nickel,
manganese, aluminium, and copper. However, this method has high capital and operational costs.
There is also potential for water contamination due to the use of acids in the process. Finally, recycling
plants employing this method are often optimised for specific battery chemistries, limiting their flexibility
in processing a wider range of battery types. Overall, recommended battery reuse and recycling
techniques are highlighted in Table 10.

Table 9 Reuse and Recycling Techniques for Common EV Batteries

e LCO degrades in performance with charge and
discharge cycles.
e Directreuse of LCO batteries is not ideal due to

Lithium Cobalt  Hydrometallurgical this degradation.
Oxide (LCO) Recycling e Recycling methods include pyrometallurgy and
hydrometallurgy.

e Hydrometallurgy is preferred for recycling as it is
more environmentally friendly.
e LFP cathode structure is stable and easier to

separate.
Lithium Iron . e Retains higher capacity over time.
Phosphate Reuse in low energy e Ideal for stationary stprage applications (e.g.,
(LFP) demand scenarios solar home power, grid backup).
e No cobalt or nickel simplifies recycling.
e (Can be recycled using pyrometallurgy or
hydrometallurgy.

e . e Reuse depends on battery chemistry.
Il\'/:;lllllg;gé\‘sfkel Hydrometallurgical e High-nickel NMC batteries degrade quickly,
Cobalt Oxide erpaling reducing reuse viability..

(NMC) e Hydrometallurgy effectlve.ly separates and .
recovers cobalt, an essential and costly material.
e NCA batteries degrade faster than LFP batteries,
Lithium limiting reuse in high-capacity applications.
Nickel Cobalt Hydrometallurgical e NCA batteries raise safety concerns due to cobalt
.. Recycling content.
Aluminium

e Hydrometallurgy is effective for recovering high-
value cobalt.
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e LTO offers exceptional cycling stability and slow
capacity degradation.

Lithium . e Ideal for grid storage, industrial backups, and
. . Reuse in low energy . . .
Titanate Oxide . some electric vehicle uses with lower range.
demand scenarios o . ..
(LTO) e Excellent thermal stability with minimal safety
risks.

e Recyclable for recovering lithium and titanium.
e Reusein low energy demand scenarios is
preferred for complex chemistries like LTO.
Reuse in low energy e Recycling LMO recovers valuable lithium and
demand scenarios manganese for new batteries.
e Separation techniques must be customized due to
multiple metals present.

Lithium
Manganese
Oxide (LMO)

5.2 Feasibility of Battery Recycling Techniques

According to a study by the International Council on Clean Transport (ICCT), the costs of each method
depend on the scale of battery recycling. For less than 20,000 tonne capacities, hydrometallurgy is the
most economical, but at higher capacities, direct recycling and pyrometallurgy have similar recycling
costs. Globally, the Lithium-lon Battery (LIB) recycling market is forecasted to be worth US$ 31 billion
per year by 2040, with over half of LIBs (4.3 million tonnes) being recycled in China. From 2025
onwards, it is estimated that end-of-life EV batteries will dominate the recycling market for LIBs,
exceeding batteries from consumer electronics.

An example of the estimated expenses for establishing a recycling plant is the CAPEX and OPEX of
LiCycle (Lima et al., 2022). The company is a recycling facility with a capacity of up to 7500 tonnes.
The estimated total capital expenditures (CAPEX) have shown a significant increase over the past three
years. In 2021, the CAPEX for their facilities was estimated at $137 million. This amount rose to $384
million in 2022. The biggest jump came in 2023, due to their Rochester Hub project (the first commercial
hydrometallurgical battery recycling facility), which has a planned capacity exceeding 7,500 tonnes,
reaching an estimated CAPEX of $565 million.

Li-Cycle’s operating expenses (OPEX) have also increased alongside its capital expenditures (CAPEX).
In 2021, their OPEX was $15 million. This amount rose to $63 million in 2022. The trend continued in
2023, with OPEX reaching $138 million. This escalation in OPEX reflects the growing scale of Li-Cycle’s
operations as they build out their recycling facilities. Besides the high costs of establishing a recycling
plant, the generated revenues are a function of various factors, which include.

e Battery Chemistry: Batteries with higher nickel and cobalt content (NMC, NCA) are more
profitable to recycle due to the valuable materials recovered.

e Transporting used batteries to the recycling facility (both for disassembly and then recycling
sites) is the biggest cost factor.

e Facilities costs, including depreciation, interest, and maintenance, are another significant
expense.

e Domestic vs. Abroad: Recycling domestically generally yields higher profits than shipping
batteries long distances.

o Disassembly Costs: Lower disassembly labour costs improve profitability.

e Labour costs for operating the recycling plant are also a factor.

e Recycled Material Prices: Higher market prices for recovered lithium, nickel, and Cobalt
increase profitability.

o End-of-Life Battery Costs: Lower costs for acquiring used batteries improve profit margins.

33



6 Battery Reuse and Recycling

6.1 Regulations and Policies for Battery Reuse and Recycling in Kenya

The 1989 Basel Convention on the Control of Transboundary Movements of Hazardous Wastes and
their Disposal is an international treaty. It provided an integrated modelling framework designed to
assess transport, energy, management, disposal, and transboundary movements of hazardous wastes
between 190 countries.

The Environment Management and Coordination Act (EMCA) 2015 prioritises a “waste hierarchy” that
encourages reduction, reuse, and recycling before disposal. This lays the groundwork for promoting
battery recycling. The Draft National Sustainable Waste Management Policy advocates for a “7R”
approach encompassing Refuse, Reduce, Reuse, Repurpose, Repair, Recycle, and Recover. It
incentivises economic benefits for waste recovery and recycling of various materials, including
batteries.

The Sustainable Waste Management Act, 2022, paves the way for future regulations. It assigns the
Cabinet Secretary the responsibility of developing waste management policies within two years. These
are expected to promote recycling and establish a framework for a circular economy, potentially
impacting battery management.

The Draft National Guidelines for Extended Producer Responsibility (EPR) 2018 regulations specifically
target electronic and electrical equipment, a major source of batteries. The regulations require
producers to register and have a plan for treatment or recycling potential, including batteries.

The Kenya Bureau of Standards (KEBS), the main government body responsible for developing
standards, has issued 35 standards related to e-mobility. Notably, two gazette notices have been
published. The first states that manufacturers and assemblers must obtain a certificate of conformity
when importing electric vehicle (EV) batteries, effective January 1, 2024. The second notice requires
that importers of used EVs ensure a minimum State of Health (SOH) of 80%.

Additionally, electric vehicles are subject to the Traffic Act, Chapter 4.3, which mandates that all vehicles
that are four years old or older require inspection for mechanical roadworthiness and environmental
impact. Finally, there is a need to establish standards for second-life battery management.

The Waste Management Regulations 2006 provide a general framework for waste management, which
encompasses certain types of batteries depending on their composition. Part IV covers hazardous
waste and specifies that every generator of hazardous waste shall ensure that every container or
package for storing such waste is secure and labelled. Additionally, an Environmental Impact
Assessment licence is required before any activity that generates hazardous waste can occur.

6.2 Strategies for Managing the Increasing Volume of EV Batteries

The surge in electric vehicle (EV) adoption in Kenya is accompanied by a corresponding rise in the
volume of EV batteries. As discussed earlier, both fiscal and non-fiscal incentives play pivotal roles in
driving the growth of electric vehicles across the country. According to the Electric Mobility Association
of Kenya (EMAK), government support is crucial in fostering economic prosperity and strengthening
the social fabric of the nation. EMAK’s white paper outlines how such support can pave the way for over
800,000 electric vehicles to be on the road by 2028, powered by locally generated green electricity.
This creates a huge number of EV batteries that at some point will be coming to the end of life and
ready for repairing, repurposing and recycling with opportunities to create economic benefits and
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circularity in the sector.

To effectively manage the rapid increase in EV batteries and mitigate the anticipated e-waste, several
key strategies can be implemented. First, the development of a battery tracking system would
streamline the monitoring and management of batteries throughout their lifecycle.

Additionally, implementing a battery passport—a digital representation containing crucial information
about the battery— would facilitate efficient tracking and preparation for second-life applications (GBA
Annual Impact Report, 2022) as demonstrated in the flowchart in Figure 6.
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Figure 6 Global Battery Alliance, 2023

The Global Battery Alliance (GBA) Battery Passport programme is designed to enhance transparency
and accountability throughout the battery value chain. This initiative focuses on providing
comprehensive information about the lifecycle of an electric vehicle (EV) battery, including provenance
data on raw materials, technical specifications, and sustainability metrics. The core of the programme
is a digital product passport that records all relevant data, accessible to manufacturers, consumers,
regulators, and recyclers.

This passport ensures detailed documentation of the origin of raw materials, technical parameters of
the battery, and compliance with environmental, social, and governance (ESG) standards. By tracking
and reporting, the Battery Passport promotes ethical sourcing, sustainable practices, and a circular
economy within the battery industry. This initiative aims to build consumer trust and support regulatory
compliance by providing verifiable data on the environmental and social impacts of EV batteries (Global
Battery Alliance, 2023).

Moreover, establishing battery collection points is essential, especially considering that e-waste
management falls under the jurisdiction of the national government and involves key stakeholders such
as the National Environment Management Authority (NEMA). These collection points would provide
battery owners with a designated disposal avenue, while also enabling the implementation of incentive
systems to encourage responsible disposal practices. This holistic approach creates an ecosystem
conducive to sustainable battery management and e-waste mitigation.
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Promoting the repurposing of EV batteries for secondary applications, such as stationary energy
storage, can extend their lifespan and reduce waste. China and Japan have initiatives focusing on
repurposing EV batteries for energy storage in homes and businesses. Implementing real-world trials
of repurposed EV batteries across various applications is crucial. These trials should focus on
performance, safety, and durability to build confidence among consumers and investors. Additionally,
they provide valuable insights for refining standards and policies while ensuring sustainable funding
through grants and industry investments.
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Figure 7 World Economic Forum & Global Battery Alliance, 2021

Implementing comprehensive battery recycling programs can ensure the responsible disposal and
recycling of EV batteries. Countries in the European Union have established robust battery recycling
infrastructure, with dedicated facilities for collecting, dismantling, and recycling EV batteries. This aims
to create independence in sourcing the raw materials for battery manufacturing and bridging the gap
with China, a leader in battery manufacturing and battery repair.
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Figure 8 Battery Recycling Process (Michollek, 2024)

Governments worldwide are increasingly recognising the urgency of managing the growing volume of
electric vehicle (EV) batteries in an environmentally sustainable manner. One crucial strategy involves
the development of standardised protocols for battery recycling, repurposing and disposal to ensure
safe practices and prevent environmental contamination. By implementing regulations that mandate
proper handling, recycling, and disposal of EV batteries, governments can mitigate health hazards and
minimise environmental impact. Drawing from examples such as the European Union’s Battery
Regulation, establishing standards and certification processes can ensure quality control and facilitate
easier repurposing of batteries for other applications.
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In addition to regulatory measures, governments play a pivotal role in fostering collaboration between
end- of-life (EOL) battery providers, remanufacturers, research institutions, and consumers. By
organising networking events and providing matchmaking services, this can reduce barriers to entry for
stakeholders and cultivate a robust ecosystem for battery repurposing and recycling. These
collaborative efforts contribute to the development of innovative solutions and promote sustainable
practices in battery lifecycle management.

Investing in research and development (R&D) for battery technologies is another crucial aspect of
managing the increasing volume of EV batteries. Allocating resources to advance recycling methods
and materials recovery techniques, driving innovation in sustainable battery management. By
supporting R&D initiatives, governments contribute to the development of more efficient and
environmentally friendly approaches to battery recycling and repurposing.

Prioritising the dissemination of lessons learned from trials and experiences among stakeholders.
Encouraging collaboration between policymakers, researchers, and industry players fosters a
conducive environment for refining policies, improving practices, and replicating successful approaches
globally. This also assists in public awareness campaigns and educating consumers about the
importance of proper battery handling.

6.3 Challenges and Opportunities for Battery Regulations

Battery regulations can help to protect the environment and improve safety. They can also promote
innovation in battery technology. There are several challenges to traverse and opportunities to explore
to promote the implementation of battery regulations. They include:

Collaboration with International Standards Organisations: Collaboration with organisations like the
International Organisation for Standardisation (ISO) is needed to develop globally recognised battery
standards for manufacturing, labelling, recycling, and disposal.

Cost of compliance: The cost of complying with battery regulations can be high, especially for small
businesses. Regulations could be simplified, or businesses could receive subsidies. Difficult to enforce
regulations: Battery regulations can be difficult to enforce, especially in countries with weak regulatory
systems. This is a potential weak link and/or challenge in the Kenyan context.

Public opposition: There can be public opposition to battery regulations, especially if they are seen as
too burdensome or if they are perceived as hindering innovation. Capacity building or exemptions for
small businesses could mitigate this.

6.4 Conclusion

Battery regulations play a crucial role in protecting the environment, enhancing safety, and fostering
innovation in battery technology. However, their successful implementation requires navigating key
challenges and leveraging strategic opportunities. Collaboration with international standards
organizations such as ISO can help establish globally recognized frameworks for battery manufacturing,
recycling, and disposal. Addressing the high cost of compliance, particularly for small businesses,
through simplified regulations or subsidies can encourage wider adoption. Additionally, strengthening
enforcement mechanisms and investing in regulatory capacity is essential, especially in regions with
weaker governance structures. To mitigate public opposition, awareness campaigns and targeted
exemptions for small businesses can help balance sustainability goals with economic growth.
Ultimately, a well-structured regulatory framework can drive responsible battery management while
supporting Kenya'’s transition to a circular energy economy.
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