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Building upon M Stanley Whittinghams and John Goodenough’s respective work,
Akira Yoshino developed the first modern Lithium-lon Battery (LiB). They collec-
tively won the 2019 Nobel Prize in Chemistry. Today LiBs power our cellphones,
laptops, most portable consumer electronics, and some forms of transportation.
They are indispensable for modern day life — but what happens at disposal?

As humanity recons with the transition away from the stability of the Holocene
into an age of ecological instability caused by human activity, the importance of
mitigating any negative impact becomes crucial. LiBs are cornerstones of our en-
ergy storage requirements and the continued life of our technological advance-
ments

The bright minds of our time are here to address these complex systems.




Executive Summary

The following is a report outlining the insights gathered from a SRl webinar hosted by Nelson Mandela
University, South Africa. The SRI webinar is part one of a three-part series aimed at unpacking impacts
of South Africa’s Just Energy Transition (JET) thereby focusing on the unintended consequences — pri-
marily the issue of introducing innovative technologies at a massive scale in the frequent absence of
technically, financially, and operationally feasible waste management systems. Part one focused on
Solar Energy sustainability practice.[1] Part two focuses on Lithium-lon Batteries as a crucial technol-
ogy within the JET.

The webinar provided a multifaceted exploration of sustainability in the energy storage sector, span-
ning the introduction into current recycling practices, informal integration, education, skills develop-
ment, and the burgeoning commercial use of electric vehicles in South Africa. Speakers offered valua-
ble insights, ranging from the main recycling processes for lithium-ion batteries to the challenges and
opportunities in how second-life batteries contribute to a more sustainable energy future. By learning
from experiences in South Africa and India, the webinar aimed to contribute to a more sustainable and
responsible energy storage ecosystem globally.

For more information on the topics discussed, please refer to the individual presentations or reach out
to the respective speakers for additional resources and details.
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Introduction

In an era defined by rapid technological advancement and growing environmental consciousness, the
sustainable management of energy resources has emerged as a global imperative.[2], [3] This report
delves into the multifaceted challenges and opportunities presented by lithium-ion batteries (LIBs),
exploring their lifecycle from manufacturing to end-of-life management, with a particular focus on
electric vehicles (EVs) and electronic waste (e-waste). Drawing insights from five expert presentations,
we examine innovative strategies for battery design, recycling, repurposing, and fostering a circular
economy in the battery sector.

Mark Williams-Wynn's presentation sets the stage by addressing the critical need for end-of-life (EOL)
management of LIBs in South Africa. As local manufacturing of LIBs gains momentum, Williams-Wynn
emphasizes the importance of incorporating design considerations that facilitate effective EOL man-
agement. His comprehensive overview of LIB types, projected waste volumes, and the economics of
various EOL processes provides a solid foundation for understanding the complexities of LIB manage-
ment strategies.

Complementing this perspective, Vikrant Singh offers valuable insights from India's recycling landscape
through the lens of BatX, a pioneering battery recycling company. Singh's presentation illuminates the
methodologies, successes, and challenges encountered in creating a sustainable recycling model.
BatX's approach of producing battery-grade materials from recycled EOL LIBs demonstrates a practical
implementation of circular economy principles, aligning with international climate goals and energy
initiatives.

Thokozani Jr Mzileni's presentation addresses the growing concern of e-waste on a global scale, with
a specific focus on LIBs found in e-waste. Mzileni's research, centered on the City of Johannesburg
(COJ), provides valuable insights into the LIB value chain within an urban context. His state-of-health
method offers a practical approach to activating a dormant LIB value chain in COJ, with special atten-
tion given to the often-overlooked informal sector.

Bianca Ifeoma Chigbu's work broadens our view to the national level, examining South Africa's transi-
tion towards a greener future through education and skills development. As the country experiences
rapid adoption of EVs, Chigbu highlights the critical challenge of EOL management for LIBs.[4] Her re-
search emphasizes the importance of circular economy principles and workforce skill development in
addressing these challenges, offering key insights and policy recommendations aimed at positioning
South Africa as a leader in sustainable EV LIB recycling.

Brandon Davoren's research explores the promising frontier of repurposing EV batteries for secondary
applications.[5] As the global shift towards electric mobility accelerates, Davoren's work shows how
batteries retaining significant capacity post-automotive use can be repurposed for applications such
as energy storage systems and grid stabilisation. This approach not only extends battery life but also
contributes to a more sustainable energy future by maximising resource efficiency.

This report synthesizes these diverse perspectives to provide a comprehensive overview of the chal-
lenges and opportunities in LIB management across different scales and geographies - from initial de-
sign considerations and manufacturing to repurposing, recycling, and managing urban e-waste
streams. By examining technical innovations, value chain dynamics, international best practices, and
policy frameworks, we aim to offer valuable insights for policymakers, industry stakeholders, and re-
searchers alike.



As we navigate the complexities of our energy future, the strategies presented here - thoughtful bat-
tery design, innovative recycling methods, repurposing, e-waste management, and circular economy
principles - emerge as crucial components of a sustainable approach to LIB lifecycle management. This
report seeks to contribute to the ongoing dialogue on how best to harness the potential of LIBs while
minimising environmental impact, maximising resource efficiency, and fostering economic opportuni-
ties in the evolving landscape of energy storage and electric mobility.
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2 At the end of the battery life cycle? What
happens next?

Speaker: Mark Williams-Wynn

CTO at EWaste Africa, Research Engineer at Rare
Earth Recycling, Honorary Researcher at UKZN. He is
a consulting process engineer with a PhD in Chemical
Engineering, specialising in Waste Management and
Process Development. For his PhD, he developed sev-
eral waste processing technologies within the Ther-
modynamics Research Unit at the University of Kwa-
Zulu-Natal.

Williams-Wynn is an active member of Institute of
Waste Management of South Africa and an associate
member of Institute of Chemical Engineers.

Mark Williams-Wynn's presentation addressed the need for end-of-life (EOL) management of lithium-
ion batteries (LIBs) in South Africa and the importance of design considerations, especially as local man-
ufacturing of LIBs gains traction. Key topics include the types of LIBs, waste volumes, and the economics
of various EOL processes, providing a comprehensive understanding of effective LIB management strat-
egies.

Mark Williams Wynn, CTO of EWaste Africa, provided an insightful overview of lithium-ion battery
waste management in South Africa. He began by explaining the basic structure of batteries, noting that
they consist of multiple cells, ranging from just two to thousands in larger applications like electric
vehicles. Each cell is composed of several key components: an anode and cathode where lithium and
other chemicals reside, a separator (often made of polymer) to prevent material mixing, and an elec-
trolyte that facilitates lithium movement between the anode and cathode.

“I'm sure you've all felt your phone significantly heat up? The heat is due to chemical reactions, it is
the process of charging and discharging with the flow of electrons and the ions in the cell.”

- Mark Williams-Wynn
Types of LIBs

Williams Wynn then delved into the various types of lithium-ion batteries, emphasizing that different
chemistries offer distinct advantages and disadvantages. These include cobalt oxide batteries, which



boast the highest energy density! and are commonly used in smaller electronics; lithium iron phos-
phate (LFP) batteries, which are safer and longer lasting but have lower energy density; and others
such as nickel manganese cobalt (NMC) and lithium manganese oxide batteries.

Lithium-ion Battery (LIB) Chemistries (8P ewastentrica

Lithium-Cobalt Oxide (LCO) Batteries

+ Used in smaller electronics
* Highest energy density
* Low discharge rates
* Risky when damaged
» Cobalt is scarce and expensive

Lithium-lron Phosphate (LFP) Batteries

 Used in bigger/heavier electronics
+ Lower energy density

* Reduced risk of fire

 Longer life and safer

* No expensive metals — lower cost

Lithium-Nickel Manganese Cobalt (NMC) Oxide
Batteries
+ Used in bigger/heavier electronics
s Lower energy density (higher than LFP)
* Less prone to heating than LCO

Lithium-Manganese Oxide Batteries

« Used in electronics that require high discharge rates
* Lower energy density than NMC

e Less prone to heating than LCO

« Longer life and safer

+ Longer life and safer
+ Cobalt is scarce and expensive

* No expensive metals — lower cost

Turning to the situation in South Africa, Williams Wynn highlighted the stark contrast in electric vehicle
adoption compared to Europe. While over 20% of new vehicles in Europe are electric, South Africa lags
significantly with less than 0.1%.% He shared that South Africa's e-waste production was estimated at
527,000 tonnes per annum in 2022, with lithium-ion battery waste specifically ranging from 600 to
1000 tonnes annually, according to a Mintek study.[6] Alarmingly, at the time of the study, only about
1% of this battery waste was being collected.

“I suspect the collection rate has gone up since the [Mintek] report, however it's very difficult to esti-
mate this because there's no central reporting requirement.”

- Mark Williams-Wynn

The global context was also addressed, with Williams Wynn noting that the international lithium-ion
battery recycling capacity exceeds 400,000 tonnes.? In comparison, South Africa's waste volume is rel-
atively small. While local processing facilities exist, their capacity and ability to handle specific battery
chemistries remain unclear. He pointed out a significant challenge: the difficulty in shipping batteries
overseas for recycling due to the high flammability risks associated with lithium-ion batteries.[7]

Williams Wynn then explained the three main recycling processes for lithium-ion batteries: pyromet-
allurgy, hydrometallurgy, and direct recycling. Pyrometallurgy, while capable of handling high volumes,

1 Energy density of a battery refers to the amount of energy that can be stored in each mass or volume of the battery. It's
typically measured in watt-hours per kilogram (Wh/kg) for mass-specific energy density, or watt-hours per liter (Wh/L) for
volumetric energy density. In simpler terms, a battery with higher energy density can store more energy while being lighter
or smaller than a battery with lower energy density.

2 Note these statistics come from NAAMSA the Automative Business Council of South Africa New Vehicle data and Total
Export numbers will be made available at the beginning of each month, please see https://naamsa.net/ for further infor-
mation.

3 ACS Energy Lett. (2022) 7, 2, 712-719.



produces hazardous gases and loses valuable materials like aluminium and lithium to slag. Hydromet-
allurgy, a newer process, uses water and solvents to extract materials, producing waste acids but re-
covering more materials, including lithium, copper, nickel and cobalt. Direct recycling, still largely at
the lab scale, aims to recover cathode and anode materials separately. Direct recycling is the newest
technology, rather than going the whole way back to virgin or to a single material like cobalt or nickel,
it's aimed at recovering the battery parts.
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Pyrometallurgy presents a significant challenge in battery recycling, particularly for certain battery
types. In the case of LFP batteries, which lack cobalt or nickel, the pyrometallurgical process results in
the complete combustion of input materials, yielding no usable product. Consequently, LFP batteries
require alternative recycling methods, specifically hydrometallurgical or direct processing techniques.
In contrast, NMC batteries are compatible with a wider range of recycling methods, including pyro-
metallurgy.

The economic viability of recycling varies depending on battery composition. LFP batteries, containing
primarily lithium as the valuable component, generate less revenue through recycling compared to
batteries with higher-value metals like cobalt or nickel. This economic factor significantly impacts the
recycling process selection and overall profitability.

Beyond Recycling: Refurbishment and Circular Economy

The complexity and resource-intensive nature of battery production necessitate a more nuanced ap-
proach to end-of-life management. Rather than defaulting to immediate recycling, there's growing
interest in battery refurbishment. Many battery packs contain numerous cells, and often, a significant
portion of these cells can be recovered for reuse, with only a subset requiring recycling.

This approach of prioritizing refurbishment over recycling aligns more closely with circular economy
principles. By recovering and reusing input materials, refurbishment offers a more efficient way to



reclaim value and reduce waste.[2] This strategy not only conserves resources but also potentially cre-
ates a more sustainable and economically viable model for managing end-of-life batteries.

The shift towards refurbishment represents a crucial step in developing a more comprehensive and
sustainable approach to battery lifecycle management, extending beyond traditional recycling meth-
ods. In concluding, Williams Wynn outlined several challenges and future directions for the industry.

He emphasised the need for specific recycling processes for LFP batteries and suggested refurbishment
as a more circular economy approach. He advocated for standardisation in battery design to enable
robotic dismantling, the implementation of "battery passports" to track cell history, and the standard-
isation of chemistries to facilitate direct recycling.[8] Finally, he stressed the importance of developing
safer battery designs to reduce fire risks and improve recycling processes.

Design Considerations

@eWasteAfrica

Simplification and

Standardisation of designs

Enable safer dismantling of
packs to recover cells through
robotics — removing people

Battery passport concept

Enables each cell to have a
complete history, which will
enable better refurbishment

Standardisation of cell
chemistries

Enable direct recycling

Design to combat
unpredictability of EOL/waste
batteries

processes, where the active
materials are directly
recovered

Through new chemistries, new
designs, etc.

from danger practices

L A B 2 P Py

Overall, Williams Wynn's presentation underscored the pressing need for improved waste manage-
ment strategies and technologies to address the growing challenge of lithium-ion battery waste, both
in South Africa and on a global scale.
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3 BatX: Lithium ion battery recycling experi-
ence in India

Speaker: Vikrant Singh

Co-Founder, Director & CTO at Batx Energies,
Singh is a true agent of change aimed at circular-
ity. BatX Energies Pvt. Ltd., focus on extracting
critical metals such as Lithium, Cobalt, Nickel and
Manganese from used Lithium-ion cells.

Singh is one of Forbes 30 under 30 and governs
Batx as it spanned 6 jurisdictions with different le-
gal paradigms and extended producer responsibil-
ities. He is an expert on reclaiming critical miner-
als and ensuring their circular supply.

Vikrant Singh brought forward invaluable insights from India's recycling landscape with BatX, a pio-
neering company in battery recycling. Singh provided their methodologies, successes, and the hurdles
they had to overcome to create a sustainable recycling model. BatX produces battery grade materials
by recycling end-of-life LIBs to create a sustainable energy source that is committed to international
initiatives related to Climate Goals, Energy and Circular Economy.

Vikrant Singh, CTO and Director of BatX Energies, provided an insightful presentation on the company's
innovative approaches to lithium battery recycling. Founded in New Delhi, India, BatX Energies has
been at the forefront of developing efficient and sustainable battery recycling processes since Singh's
college days in 2019.

“In the 1990s, recordings were done using film. All music and videos relied on this technology. We
then saw a shift from film to memory cards or some other form of storage facility. It is important to
understand that the commercialisation of lithium-ion battery technology evolved alongside film man-
ufacturing — and the technologies are quite similar.”

-Vikrant Singh
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Recycling Process and Technology at BatX

BatX operates across the full spectrum of battery lifecycle management. They begin by collecting used
batteries from various collection centres. Once gathered, these batteries undergo a rigorous testing
process to assess their condition. Through this evaluation, they carefully segregate the batteries, iden-
tifying those still in good working order. These functional batteries are then channelled into the second
life battery manufacturing program, where they find new purposes in various applications. For the
batteries that have reached the end of their usable life, they enter the recycling stream. This recycling
process includes the extraction and refinement of black mass, a valuable mixture containing recover-
able metals from the batteries.

BatX Energies employs a two-stage recycling process:

1. Mechanical Processing: Batteries are dismantled to produce "black mass?*," containing valuable cath-
ode and anode materials.

2. Chemical Refining: The black mass undergoes hydrometallurgical processes, including leaching, sol-
vent extraction, electrolysis, and membrane separation. This process can handle various battery chem-
istries, including NMC, LFP, and LCO.
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From the black mass, we extract valuable metals like nickel, cobalt, manganese, and lithium. These
recovered materials are then sent to battery manufacturers to produce new batteries, creating a cir-
cular supply chain. This approach helps reduce carbon emissions and alleviates the pressure on mining
operations, which have been intensifying due to the growing demand from electric vehicles.

“Interestingly, we've found that about 40% of the electric vehicle batteries we receive can be repur-
posed for stationary applications rather than recycled.”

-Vikrant Singh

They test these batteries, assessing parameters like capacity, internal resistance, and impedance to
determine their state of health. Batteries with over 85% health are repackaged and repurposed for
applications like solar storage or commercial energy storage systems. We use advanced techniques,
including machine learning and experimental methods, to evaluate the remaining lifecycle of these

4 Mix of powder cathode and anode materials
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batteries. Batteries below 75% health are sent for recycling and material extraction. This comprehen-
sive approach allows them to maximize the use of each battery, significantly reducing our carbon im-
pact and contributing to a more sustainable battery lifecycle.

The company's technology aims to recycle 97-98% of materials from used batteries, achieving a purity
of 99.5% for extracted materials. Their new hydrometallurgical plant, the fifth of its kind in India, is
designed to refine metals from the black mass efficiently. BatX Energies has invested heavily in R&D,
equipped with advanced analytical tools such as scanning electron microscopy, XRD, and UV-visual
spectroscopy. Two current research focuses include, first the improvement of graphite recovery and
reuse, addressing challenges in maintaining the original spherical structure of anode materials; and
second, researching the development of new cathode materials from recovered materials.

Environmental Impact

The recycling process developed by BatX offers significant environmental benefits:

® Recycling 1 kWh of battery saves 52 kg of CO2 compared to

Recyclin .
¥ & mining.
Reuse -< ® Reusing batteries saves approximately 200 kg of CO2 per kWh.
Reduction
: ¢ BAT)
Economical & Environmental Impact L i
;?é:n;:sta:;jg;z;f& CO2 Emission Savings Compared \fvith traditional mining and
(Batx Recycling Vs. Mining) (Batx Battery Reuse Vs. New Battery Pack ) refining, BATX process*
52 Kgs of CO2e per KWh of 200 Kgs of CO2e per KWh of (per tonne of battery input) can:
Battery Battery
5 £
é 54% § 97% 9 7 O/ Reduced
e GHG Savings : GHG Savings O Water U sage
& & ~2M cubic meters of water
o o
o o
> — >
Expected Emissions from Expected Emissions from
Mining Cell Materials New Battery Pack Manufacturing

Future Goals and Expansion

BatX Energies has set three ambitious targets for the next five years: first, to achieve 100% material
reuse in battery production, creating a circular supply chain. Second, to expand operations globally,
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with a presence already established in Malaysia, Africa, and the USA for black mass sourcing. Third, to
develop mechanical processing facilities worldwide to handle increasing battery waste volumes.

Partnerships and Recognition

The company collaborates with universities, government agencies, and business schools to enhance
its technologies and improve energy efficiency. BatX Energies has also secured patents for its material
extraction technologies.

Regulatory Environment

Singh highlighted the importance of Extended Producer Responsibility (EPR) regulations in India, which
mandate OEMs and battery producers to recycle their materials. This regulatory framework has been
crucial in driving innovation and investment in recycling technologies.

Common Refurbishment Routes

A question was posed about common refurbishment routes for batteries that can be repurposed. Wil-
liams-Wynn mentioned that a common practice is to take cells from electric vehicle (EV) batteries and
repurpose them for home energy storage applications. He also noted an innovative approach where
disposable vapes are being transformed into power banks.

Vikrant Singh elaborated on BatX Energies' refurbishment practices:

- For high-power batteries, particularly from four-wheelers, they evaluate the battery's state
before refurbishment.

- They produce small batteries for village areas, integrating them with solar storage systems.

- They manufacture home storage products and larger 100+ kWh systems for remote areas with
electricity scarcity.

- An emerging application involves using refurbished batteries to store solar energy, which is
then used to charge new electric vehicles, creating a sustainable energy cycle.

Factors Affecting Battery Health

A participant inquired whether battery health is solely determined by usage or if charging, discharging,
and storage methods also play a role. Singh provided insights into their evaluation process:

BatX conducts comprehensive
When receiving batteries, they testing, including capacity
often lack historical data on testing, to determine the
usage patterns. remaining energy storage
capability.

They assess internal rate
impedance and internal

resistance to calculate the state
of health.

In some cases, they disassemble
batteries to the cell level,
segregating cells in poor

The company uses models to
evaluate remaining life cycles for s
specific applications.

condition and remanufacturing
batteries with the remaining
viable cells.
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Singh offered advice for owners of small, disposable, or semi-disposable batteries:

Tips for Battery Owners

1. Charge batteries to at least 90% and discharge to around 90%
for optimal performance.

2. If storing a battery for an extended period, keep it below 30%
state of charge.

3. For EV batteries, avoid frequent high acceleration and hard
braking, as these can degrade battery performance more quickly.

4. Consistently charging to 100% and discharging to 90% can help
extend the battery's life cycle and maintain better performance.

15



4 Investigating inclusive and sustainable op-
tions for end-of-life lithium-ion batteries in
the South African context.

Speaker: Thokozani Jr Mzileni

Up-and-coming researcher in LIB Circularity at the
Department of Geography, Energy Studies and Envi-
ronmental Management, University of Johannes-
burg, Mzileni is a Master’s candidate in Geography.

Mzileni collaborates with Swiss Federal Laboratories
for Materials Science and Technology (Empa) to-
wards finding second life options for end-of-life Lith-
ium-ion batteries. With a honours degree in GIS &
Remote Sensing & other Esri software’s known
through work experience.

Thokozani Jr Mzileni’s presentation elaborated on Waste Electrical and Electronic Equipment (WEEE)
as a growing environmental concern worldwide, and LIBs power some of the equipment found in the
e-waste sector. The presentation gave insights on the data collected and assessed on the LIB value
chain in the City of Johannesburg (COJ). Mzileni’s state-of-health method developed in his Masters
study was presented. The method can be applied to activate a dormant LIB value-chain in COJ, with a
clear focus on the informal sector.

Thokozani Jr Mzileni, a Masters candidate at the University of Johannesburg Process, Energy & Envi-
ronmental Technology Station (UJ PEETS), presented his research on lithium-ion battery waste man-
agement in the City of Johannesburg. His study, conducted in collaboration with Empa and funded by
the Department of Housing and the Department of Agriculture and Rural Development, aims to ad-
dress the growing challenge of e-waste management in South Africa.

Context and Background

Mzileni highlighted that e-waste is the fastest-growing waste segment in South Africa, with a signifi-
cant portion coming from ICT equipment powered by lithium-ion batteries. This presents a major en-
vironmental concern. He referenced a 2021 report by Mintek that outlined the current landscape of
lithium-ion battery management in the country, including drivers, opportunities, and barriers.

Key points from the Mintek report include:
- Limited data on collection rates for lithium-ion batteries
- Batteries often being disposed of in landfills, leading to soil contamination

- Opportunities for tapping into the resource value of these batteries

16



- The need for improved collection rates and stakeholder collaboration.[6]
Research Focus

Mzileni's study focused on the City of Johannesburg municipality, chosen due to South Africa's diverse
nature and the university's location. The Mintek report identifies ICT (Information and Communica-
tions Technology) equipment as the primary source of lithium and battery waste in South Africa. This
is particularly notable given that our electric vehicle (EV) market currently stands at only 0.1%, and EV
batteries typically take about 10 years to reach their end of life. [6]

“The current lithium battery waste we're dealing with predominantly comes from ICT equipment and
portable devices, such as laptops and mobile phones.”

-Thokozani Mzileni

This situation highlights the importance of addressing battery recycling in the consumer electronics
sector, even as we prepare for the future growth of EV battery recycling

The research identified three key stakeholders in the end-of-life lithium-ion battery value chain:
1. Waste Reclaimers: Responsible for 51% of all waste recycled in the country

2. Device Repair Shops: Often the first point of contact for battery replacement

3. Recyclers: Formal entities handling e-waste and battery recycling

The study area included 20 repair shops from the 20 largest malls in Johannesburg, corresponding to
the municipality's identified economic centres.

Types of E-waste collected by waste reclaimers

H ICT equipment (PC, laptop, mobile-phone, LCD
maonitor, cables, etc. )

u Non-ferrous metals

 Consumer electronics (radio, tv, DVD player,
etc. )

M Large appliances (refrigerator, washing
machine, microwave, electric & gas stove,
etc.)

m 5mall appliances (kettle, iron, power tools,
etc.)

o Lithium ion batteries
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Methodology and insights

The research employed questionnaires to assess the current practices and challenges within the iden-
tified value chain. Mzileni provided some insights into the operations of these stakeholders and the
flow of lithium-ion battery waste in Johannesburg.

The findings revealed that waste reclaimers collect ICT equipment, which they typically harvest for LCD
screens and PCB boards, including batteries. When Mzileni surveyed repair shops about their battery
replacement practices, most reported using new batteries to ensure customer satisfaction and repeat
business. However, some shops use batteries from unclaimed devices to replace faulty ones, lacking a
standardized method for assessing battery health. Notably, recyclers did not participate in the study,
citing concerns about trade secrets and compliance with the newly published Extended Producer Re-
sponsibility (EPR) regulations released in August 2021.[9], [10]

Regarding EOL management, both waste reclaimers and repair shops were most likely to discard spent,
damaged, or non-functional batteries rather than stockpiling, recycling, or reselling them. This finding
aligns with Mintek's 2021 report, which indicated that most batteries in the country are discarded.[6]
These insights highlight the need for improved battery management practices and increased aware-
ness of proper disposal and recycling methods across the value chain.

Significance and Future Implications

This research is particularly significant given that South Africa's electric vehicle market is still nascent
(around 0.1% of new vehicles), and EV batteries take about 10 years to reach end-of-life. Therefore,
the current lithium-ion battery waste primarily comes from ICT equipment and portable devices such
as laptops and mobile phones.

Mzileni’s collaboration with the Empa furthered the research. Empa proposed a state of health (SOH)
method inspired by Kyburz, a Swiss electric vehicle company that categorizes vehicles into first life,
second life, and end-of-life based on battery capacity. Batteries above 80% capacity are considered
suitable for first-life energy storage units, a practice also observed in companies like Revov® in South
Africa, which imports used EV batteries from China.

The SOH estimation involves both experimental and model-based methods. Model-based methods
typically use machine learning algorithms and Al for real-time diagnostics in EVs, while experimental
methods are conducted under controlled conditions. For the study, they used an iCharger, a relatively
affordable device (costing approximately R8,000 to 9,000), to make the method accessible to South
African communities and the informal sector, including waste reclaimers.

We assessed two key parameters: decreasing capacity and increasing internal resistance. While other
factors like temperature, age, and self-discharge could improve accuracy. Age usually requires histori-
cal usage data which is often unavailable, especially for second-hand devices. Regarding reuse oppor-
tunities, we drew inspiration from an Indian case study on Ujar. Ujar is where top-quality batteries are
repurposed into new battery packs for powering stores, lights, fans, and phone charging. Mzileni be-
lieves similar applications could benefit South Africa, particularly given its current energy crisis. This
approach could lead to skills development in SOH estimation and create opportunities for battery re-
use before recycling, potentially addressing energy needs in South African communities.

> To see more on the Revov project visit: https://revov.co.za/
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“We are setting up SOH training on laptop batteries in collaboration with Taking Care of Business
(TCB)® teaching people how to conduct the SOH assessment using the iCharger, which is very easy to

”n

use.
-Thokozani Mzileni
Limitations

Mzileni’s research faced several limitations within the sector. Firstly, there's no standardized method
for estimating the state of health (SOH) of lithium-ion batteries across the industry. Secondly, South
Africa experiences low collection rates for these batteries. While there's growing research on EV bat-
teries in anticipation of market growth, there's less focus on portable device batteries, which are al-
ready prevalent in our waste stream. Additionally, robust SOH equipment is expensive, and model-
based methods are often too costly for the South African context, particularly for the informal sector
and communities that could potentially use battery waste to create opportunities.

Experimental methods, while more applicable to the South African informal sector, are time-consum-
ing. For instance, using the iCharger to analyse 20 cells, running both charge and discharge cycles three
times for accuracy, can take an entire day. This time requirement challenges the feasibility of wide-
spread implementation. Lastly, the lack of historical data on battery usage significantly impacts the
accuracy of SOH results. Throughout the identified end-of-life value chain, from waste reclaimers to
recyclers, access to this crucial information is limited, a challenge also noted by other industry profes-
sionals.

Opportunities

To address the challenges in lithium-ion battery recycling, the focus should be on improving collection
rates through partnerships and increased awareness. Incorporating consumers into studies and edu-
cating waste reclaimers about the value of lithium-ion batteries could significantly boost collection
rates.

“My research in Switzerland, along with insights from companies like Revov and other industry ex-
perts, indicates that most batteries are actually reusable after their first life.”

-Thokozani Mzileni

Creating an integrated value chain, involving reclaimers, consumers, recyclers, and device repair shops
is crucial for the sustainability of the energy storage sector. There are also opportunities in the refur-
bished goods market, particularly in the repair and refurbishment of lithium-ion batteries.

Skills development programs, such as teaching SOH assessments, can activate the value chain and cre-
ate awareness among those who already have access to these batteries. This approach could help
divert batteries from the main waste stream and prevent them from ending up in landfills. Additionally,
there are opportunities in recycling, refurbishment, and reuse spaces.

As this is a new field of research in South Africa, especially concerning portable devices, there's signif-
icant potential for expanding the scope beyond what has been done so far. Future research could in-
volve more comprehensive methods for estimating battery health and developing the value chain,
with a particular focus on the portable device batteries already present in our waste stream.

® To see more on the Taking Care of Business Initiative visit: https://www.tcb.org.za/our-model/
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Safety and Inclusivity in Lithium-ion Battery Waste Management

Following Thokozani Jr Mzileni's presentation on lithium-ion battery waste management a crucial
question was raised regarding the balance between inclusivity and safety in the waste management
value chain.

The moderator highlighted the importance of considering the just energy transition and creating an
inclusive value chain that supports SME development and recognizes the role of waste reclaimers.
However, the primary concern raised was about safety:

"How do we ensure that waste reclaimers are managing these items safely? If they are to manage
them, how do we make sure that SMEs are ensuring they're getting full components and facilitating
this collection process safely?"

Mzileni's Response: Collaborative Partnerships
Thokozani Jr Mzileni responded by emphasizing the potential for collaborative partnerships:

1. He suggested working with industry players who are already EPR compliant, such as eWaste Africa,
Reclite and Circular Energy.

2. The focus should be on managing lithium-ion batteries collaboratively without excluding waste re-
claimers from the value chain.

3. Mzileni proposed that organizations like ARO (African Reclaimer Organisation) could serve as repre-
sentatives in these partnerships.

The moderator interpreted this suggestion as a form of co-working facility setup, noting that it aligns
with Sustainable Recycling Industries vision for lithium-ion battery management.[11]

This exchange highlights the complex challenges in balancing inclusivity and safety in e-waste manage-
ment, particularly for lithium-ion batteries. It underscores the need for innovative solutions that can
incorporate informal sector workers while maintaining high safety standards in the handling and pro-
cessing of potentially hazardous materials.

Mzileni's work, conducted through UJ PEETS aims to provide valuable insights for policymakers and
industry stakeholders. By understanding the current landscape and challenges, the research could in-
form strategies to improve lithium-ion battery waste management, increase recycling rates, and sup-
port the development of a circular economy in this sector.

The study's findings have the potential to guide future policies and practices in e-waste management,
particularly for lithium-ion batteries, in Johannesburg and potentially other urban areas in South Af-
rica.
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5 Sustainable EV Battery Recycling in South
Africa: Circular Economy and Skill Develop-
ment

Speaker: Bianca Ifeoma Chigbu

Bianca Chigbu holds a Ph.D. in Sociology of Work
and Economics at the University of Fort Hare in
South Africa. Her thesis circles on technological
domination and the future of workers in the labour
market in the face of automation. She sees it neces-
sary to understand robotics in the labour process, its
alignment to the economy and skill revolution, its
evolution, and the developmental implications in
society. She taught courses in research methodol-
ogy in sociology, introduction to sociology, sociol-
ogy of development, industrial relations, urban so-
ciology and supervised 24 honours mini dissertation
in the human settlement department at the Univer-
sity of Fort Hare.

Her research interests include labour relations, sus-
tainable development, education, innovation,
equality, and just transitions.

Bianca Ifeoma Chigbu discussed South Africa (SA) transitions towards a greener future, the rapid adop-
tion of electric vehicles (EVs) highlights a critical challenge: the end-of-life management of LIBs. In this
situation, the concepts of the circular economy and the necessity for skill development are crucial in
dealing with these difficulties. A published review study unveiled the key insights, spotlighting the vital
role of circular economy principles and workforce skill development in EV LIB recycling. Join us in ex-
ploring innovative solutions and policy recommendations that will empower SA to lead in sustainable
EV LIBs recycling, harnessing the full potential of a circular economy and a skilled workforce.

Bianca Ifeoma Chigbu's presentation focused on the critical importance of education and skills devel-
opment in the emerging field of lithium-ion battery recycling.[4] Chigbu began by acknowledging the
contributions of her colleagues, particularly Williams-Wynns discussion on the circular economy and
Mzileni’s emphasis on the lack of awareness regarding potential uses for post-consumer batteries.

“So, where does education and labour market come in? In South Africa today, there is high rate of un-
employment and there is this skills gap in the labour market regarding energy storing systems. We
are trying to fill that gap.”

- Bianca Ifeoma Chigbu

Chigbu stressed that the rapidly evolving nature of the lithium-ion battery industry demands a work-
force equipped with a diverse set of skills and a commitment to continuous learning.
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Education and the labour market work hand in hand to promote, support, and raise awareness about
issues related to lithium-ion batteries, including the concepts of circularity and sustainability. We need
to examine how educational institutions can better equip students and the workforce with knowledge
about circular economy principles and sustainability practices.[12] Additionally, the specific skill sets
required for processes involved in battery recycling and management need to be understood. By doing
so, we can advance the labour market and ensure that we're addressing sustainability goals.

Chigbu outlined several key areas of focus for education and training programs:

The Role of Education in Enhancing Lithium-lon Battery Recycling from Electric Vehicles
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Technical and Vocational Education
Collaborative Learning and
Stakeholder Engagement

Public Awareness and academic curricula
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Continuous Professional Development

One key aspect is raising public awareness through various channels. This can be achieved through
comprehensive campaigns on social media platforms like LinkedlIn, YouTube, and Twitter, as well as
through impactful workshops and seminars. These efforts should focus on educating the public about
the importance of recycling lithium-ion batteries and the valuable metals they contain.

Moreover, educational institutions have a responsibility to integrate the concepts of circularity and
sustainability principles into academic curricula. This involves incorporating these ideas into course
content and pedagogical strategies, ensuring that students understand the meaning of circularity, the
processes of recycling, the applications of lithium-ion batteries, and potential second-life uses.

By doing so, we can equip students with the knowledge to participate actively in reducing carbon emis-
sions and promoting sustainable practices in our society. The goal is to create a more informed and
engaged population that understands the broader implications of battery use and disposal.
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Continuous Professional Development and Technical Skills

A primary emphasis was placed on developing technical skills necessary for optimizing the dismantling
processes of lithium-ion batteries. Chigbu explained that these skills are crucial for reducing costs and
increasing efficiency in recycling operations. Chigbu highlighted the need for workers to understand
the intricate components of batteries and the most effective methods for their disassembly and ma-
terial recovery.

“TVET colleges have a crucial role to play in education for sustainable development and the circular
economy. They need to implement curricula that ensure graduates possess both technical skills and a
thorough understanding of sustainability principles.”

- Bianca Ifeoma Chigbu

Furthermore, institutions have a responsibility to engage current employees and completing students
who wish to be involved in the recycling sector of the labour market. The goal is to encourage them to
continue learning professionally, whether through academic pursuits, certifications, or understanding
the latest recycling methodologies and technologies.

Offering professional development programs focused on education for circularity and sustainability is
vital for maintaining a skilled and updated workforce. This approach involves collaboration, as previ-
ously mentioned by Mzileni. Partnerships between academic institutions, government bodies, indus-
try, and NGOs need to be fostered.[13] Aligning educational programs with industry demands and
global sustainability goals to ensure the relevance and effectiveness of circularity initiatives.

“Considering the circular economy in South Africa, it's clear that educational institutions have a signif-
icant role to play in shaping a sustainable future.”

- Bianca Ifeoma Chigbu

eAdvanced mechanical and chemical recycling techniques. Professionals need the ability to
perform complex recycling processes involving chemical treatment and mechanical
disassembly.

eExpertise in specialized techniques: Such as hydrometallurgy and pyrometallurgy for
material recovery.
eUnderstanding of efficient separation and processing, specifically for different components
Technical .< of lithium-ion batteries.
eKnowledge of battery chemistry and materials science:
eIn-depth understanding of the chemical composition and behavior of lithium-ion batteries
eFamiliarity with different types of battery materials, such as lithium cobalt oxide and
lithium iron phosphate
eKnowledge of the physical and chemical properties of battery materials to optimize
recycling processes

eExpertise in handling hazardous materials and ensuring workplace safety.

¢ Ability to identify and manage hazardous substances present in lithium-ion batteries, such
as toxic chemicals and heavy metals.

eImplementation of safety protocols to prevent accidents and exposure to harmful
materials.

Safety -< eTraining in emergency response procedures for accidents involving hazardous materials.

eUnderstanding and compliance with environmental and safety regulations, both local and
international, governing the handling and disposal of hazardous materials.

eAdherence to environmental guidelines to minimize pollution and environmental issues.

eEnsuring that recycling operations meet occupational safety standards to protect workers
and the environment in the workplace.
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Learning and Adaptation Skills

Chigbu emphasized that the field of battery recycling is dynamic, with new technologies and method-
ologies constantly emerging. Therefore, Chigbu argued that learning and adaptation skills are key for
continuous improvement in the industry. This involves a commitment to continuous professional de-
velopment and staying up to date with technological advancements.

Chigbu elaborated on this point, suggesting that workers and students in this field should pursue on-
going education and training opportunities throughout their careers. This could include advancing
from a bachelor's degree to a master's program, engaging in professional certifications, and participat-
ing in workshops and seminars. The goal is to foster a deep understanding of the importance, benefits,
processes, and necessity of recycling LIBs.

Problem solving skills, the ability to identify and resolve technical challenges in lithium-ion battery re-
cycling processes, are crucial. This involves having the idea to diagnose or troubleshoot issues that
arises during these processes and to be able to develop solutions to technical problems.

- Bianca Ifeoma Chigbu

Problem-Solving Skills

Ability to Identify and Resolve Technical Innovative Thinking to Develop New
Challenges in lithium-ion Recycling Processes

Recycling Methods and Improve Efficiency

Flexibility and Innovation

Another crucial aspect Chigbu highlighted was the need for flexibility in adapting to new recycling
technologies and industry standards. Chigbu stressed the importance of demonstrating readiness to
integrate new technologies into existing processes and adapting to evolving industry standards and
regulatory requirements. This adaptability, Chigbu argued, is essential for fostering a culture of inno-
vation and flexibility within the workforce.
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Policy Recommendations for Educational Initiatives

Chigbu then moved on to discuss policy recommendations that could support these educational initi-
atives. She focused on two main areas:

1. Support for Circular Economy and Sustainability Education: Chigbu emphasized the need to sup-
port education on circularity and sustainability principles. Chigbu noted that many university students
are currently unaware of what circularity means, what recycling entails, and how these concepts can
benefit the economy. Chigbu suggested encouraging academic institutions to integrate these princi-
ples into environmental science courses, engineering programs, and related disciplines. This integra-
tion would help students understand the broader impact of recycling on sustainability.

2.Sponsorship of Specialized Training Programs: Chigbu advocated for providing grants and incentives
to universities to develop specialized academic programs focusing on sustainable technologies and
recycling methods. She argued that these programs would prepare students for careers in the recycling
industry and foster innovation with sustainable development in mind.

The Growing Importance of Battery Recycling Skills

Chigbu contextualized the importance of these educational initiatives by referencing the growing elec-
tric vehicle market. While noting that people in South Africa are currently reluctant to buy electric
vehicles, she pointed out that this is a growing industry. As such, Chigbu anticipates the emergence of
a new industry focused on remanufacturing lithium-ion batteries from electric vehicles, further em-
phasizing the need for specialized education in this field.

In conclusion, Chigbu stressed that developing these skills is crucial for ensuring the sustainability of
electric vehicle battery recycling as these batteries reach their end of life. Chigbu emphasized that
while her list of skills was not exhaustive, focusing on these areas would be essential in preparing a
competent workforce for the future of the lithium-ion battery recycling industry.

Chigbu's presentation underscored the multifaceted approach needed in education and training to
address the challenges of lithium-ion battery recycling. By emphasizing technical skills, adaptability,
and a deep understanding of sustainability principles, her recommendations aim to create a workforce
capable of driving innovation and efficiency in this crucial sector of the green economy.
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6 From Road to Renewed: Unleashing the
hidden energy in Second-life Batteries

Speaker: Brandon Davoren

Lead Scientist for Energy Storage, focusing on
battery research, testing, laser research, pro-
ject management, and facilitating electric ve-
hicle training. He is a key part of the uYilo Elec-
tric Mobility Programme which aims to enable,
facilitate and mobilise the electric mobility
ecosystem in South Africa.

Davoren holds a PhD in Engineering from Wits,
a Master’s in Chemistry, and a postdoctoral
fellowship in battery research, equipping him
with a deep understanding of the technical as-
pects of energy storage and its applications.

Brandon Davoren’s presentation delved into the potential of repurposing lithium-ion batteries from
electric vehicles for secondary applications. Briefly explaining the remaining capacity in batteries, ex-
ploring various alternative uses such as energy storage systems and grid stabilization, and touches on
the environmental impact. The presentation highlighted how second-life batteries can significantly ex-
tend their useful life and contribute to a more sustainable energy future. The findings aim to provide
insights into maximizing the value and efficiency of lithium-ion batteries beyond their initial automotive
use.[5]

The uYilo E-Mobility Programme

Davoren began by introducing the uYilo E Mobility programme, a national electric mobility initiative
active since 2013. He highlighted the programme's multifaceted approach to battery research and de-
velopment. First, they have an internship programme which builds on Chigbu's earlier points about
education, Davoren emphasized their commitment to training the next generation of battery experts.
The programme offers hands-on experience to students and post-qualification individuals in:

1. Battery testing
2. Pack assembly
3. Second-life applications

Second, they have a focus on effective research facilities: Davoren outlined the programme's impres-
sive research infrastructure that houses an accredited battery testing laboratory, a materials charac-
terization laboratory, and a dedicated arm focusing on electric vehicles. Third, the uYilo Programme
has significant access to resource. The programme has accumulated a significant number of second-
life battery packs, which are integral to their various research projects.
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Environmental Impact: CO2 and Energy in Battery Lifecycle

The following is a detailed breakdown of CO2 emissions and energy consumption throughout the bat-
tery lifecycle:

1. Production Phase: substantial energy input required in battery production, from mining raw mate-
rials to manufacturing. This process results in significant CO2 emissions.

2. Recycling Efficiency: recycling batteries produces dramatically lower CO2 emissions compared to
refining new materials for battery production.

3. Quantitative Analysis: Focusing on a 1 kWh battery pack, Davoren provided estimated figures:
- CO2 emissions: Approximately 102 to 200 kg
- Energy consumption: About 291 to 567 kWh

However, these figures can vary significantly depending on where each production step occurs, under-
lining the complexity of assessing the true environmental impact of battery production and use.

* 1 kWh of battery capacity
*  Approx 102.4 - 200.4 kg
*  Approx 291.6 — 567 kwWh

Transportation:
*CO, Emissions: 0.1-0.5 kg per km

“You can see that the recycling is dramatically lower than having to go through the refining all over
again. This is all focusing on second life and in this basic diagram transportation is omitted from the
equation.”

-Brandon Davoren

Energy balances differ significantly across countries. The following are five countries with notably dif-
ferent ratios of renewable to coal production for their grid energy:

1. Sweden: Produces about 20 grams of CO2 for every kWh of electricity.
2. United States and Germany: Both produce around 300 grams of CO2 per kWh.

3. China: Despite having a large amount of renewable energy, it also relies heavily on coal. China pro-
duces about 582 grams of CO2 per kWh.
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4. South Africa: At the higher end, producing approximately 890 grams of CO2 per kWh.

These differences alone have a dramatic effect on the amount of CO2 being produced in each country's
energy sector. The variation in energy mix and efficiency across nations significantly impacts their car-
bon footprint in electricity generation.

Research Methodologies and Techniques

Davoren then delved into the specific research methodologies employed by the uYilo E Mobility pro-
gramme:

1. Battery Testing Techniques: The programme utilizes simple yet effective battery testing techniques
for quick characterization:

- Electrochemical Impedance Spectroscopy (EIS), which takes about 2 minutes
- Capacity testing, which can take 5 to 20 hours depending on the battery

2. Computational Simulations: Leveraging data from battery testing and various online sources, the
team builds customized machine learning models. These models are used in conjunction with everyday
battery testing to enhance their understanding and predictive capabilities.

The Importance of Second-Life Applications

Davoren strongly advocated for the integration of second-life applications for batteries, highlighting
several key benefits. These applications could increase a battery's kilowatt capability by up to 45%,
significantly improving performance. Furthermore, the use of second-life batteries results in a substan-
tial reduction in CO2 emissions compared to producing new batteries, offering important environmen-
tal advantages.

864 kWh

387 kWh
(approx.
45% of
first life)

83.5-163
kWh/kWh

“What these numbers show us at the end of the day, is that second life and recycling is having a huge
impact on reducing CO2 emissions. Second life leads to a more holistic approach to the reduction
CO2, the use of more renewable energy, and ultimately, a reduced load on the national grid.”

-Brandon Davoren
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If you have a battery capacity of 1 kWh and it goes through 1200 cycles at an 80% depth of discharge
(from 100% to 20%), assuming 90% efficiency, you'll get 864 kilowatt-hours for every kilowatt. This
is how it would be used in its first application, such as in an electric vehicle.

We can use the same formula for the second life, but with different parameters. We estimate that
the battery starts at 80% of its original capacity and hypothetically goes down to 50%. In this second-
life application, we assume 1000 cycles at 70% efficiency due to increased internal resistance, which
causes more energy to be lost as heat and aids in parasitic reactions. After calculations, we get about
386.75 kilowatt-hours, which is the extra energy you get from using the battery in a second-life
application.

At uYilo, researchers work on various projects related to electric vehicle (EV) battery repurposing and
recycling. The organization has prototype Joules, one of South Africa's early electric vehicles, which
they use for research. Their approach involves either removing cells after the initial application or di-
rectly utilizing entire EV battery packs, such as those from Joule or Nissan vehicles, in microgrid sys-
tems. One of their current master's student projects focuses on integrating used EV packs directly into
microgrids without reconfiguration.

The team performs basic battery testing on individual cells, after which they either reassemble new
second-life packs for high efficiency or repurpose the better-performing cells for micro-mobility appli-
cations. An example of the latter is the Trifox, a low 3-wheeler converted from a motorbike that is
currently being electrified. This process serves as a learning opportunity for uYilo's engineers, staff,
and interns, who gain hands-on experience in pack assembly, battery testing, and application of repur-
posed batteries.

Cells that fail to meet the organization's standards are recycled on-site using a small-scale neutraliza-
tion and shredding system. This approach ensures safety by preventing the storage of spent cells that
may still pose a fire risk. Interns at uYilo undergo rigorous training in battery testing and all aspects of
the pilot-level value chain.

Advanced battery testing for microgrid and micro-mobility applications is a key focus area for uYilo.
The team employs machine learning algorithms and analyses Battery Management System (BMS) data
to optimize performance. For instance, with the Trifox project, they create simulated programs on
their battery tester, run batteries through these simulations, and develop models specific to each ve-
hicle. This method allows them to identify and replace underperforming cells before deployment,
thereby improving overall capacity and preventing voltage drops during high power demands.

Additionally, uYilo conducts computational simulations using data from their battery testing, online
sources, and other available information to create customized machine learning models. These simu-
lations are integrated with their regular battery testing procedures, forming a comprehensive ap-
proach to battery research and development.
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Conclusion
In his concluding remarks, Davoren reiterated the key points of his presentation:
1. The effectiveness of simple battery testing techniques for quick characterization

2. The significant potential of second-life battery applications in improving performance and reducing
environmental impact

3. The importance of understanding one's role in the broader battery supply chain

Davoren's presentation provided a comprehensive overview of the uYilo E Mobility programme's work
in second-life battery applications, highlighting the potential for these technologies to significantly re-
duce the environmental impact of energy storage solutions while maximizing the value extracted from
existing resources. His insights into the programme's research methodologies and focus on practical
applications underscored the importance of continued innovation and education in this rapidly evolv-
ing field.
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7 The next generation challenges our experts

One of the younger participants of the webinar asked a pertinent and probing question,

“Looking ahead to the next century, we'll likely face the challenge of dealing with millions of non-re-
usable batteries. While the shift to electric vehicles seems beneficial now, is it truly sustainable for the
long-term future?

Consider the example of the so-called "Chinese EV Graveyard," where thousands of unused electric
vehicles with damaged, unusable batteries are accumulating. This issue may not significantly impact
our generation, but what about those to come?

Historically, we've seen unintended consequences from what were once considered groundbreaking
solutions. For instance, coal was once hailed as an ideal energy source, but now we're grappling with
its contribution to global warming. In a similar vein, what unforeseen consequences might we face in
100 years due to the widespread implementation of EV batteries? How can we ensure that today's
solution doesn't become tomorrow's problem?”

To answer this multifaceted question, the conversation touched on various aspects of circular econ-
omy, recycling, and sustainable technologies. Williams -Wynn discussed the challenges of achieving a
truly circular economy, noting that some material loss is inevitable over time. He highlighted newer
technologies like sodium-ion batteries as potential solutions, designed to use less critical or sensitive
materials, thereby reducing environmental impact and making recycling easier and more cost-effec-
tive.

The most critical and important license is the waste management license, which goes by various
names. This license is applied for through the Department of Fisheries, Forestry and Environment.
It's quite a lengthy process that involves going through Environmental Impact Assessments (EIAs)
and other procedures. Depending on the technology being used, additional licenses may be re-
quired. For example, if you're using pyrometallurgical processes, you'll also need an emissions li-
cense.

If you're storing batteries before recycling them, you'll need a storage registration. Furthermore,
depending on which city or municipality you're establishing your facility in, there are various bylaws
and regulations you'll need to comply with to obtain permission to operate.

In summary, there are several "hoops" you must jump through to get permission to operate a bat-
tery recycling facility, and these can vary based on location and specific processes used.

The discussion also emphasized the crucial role of youth in developing innovative solutions for current
and future environmental challenges. The speakers encouraged young people to get involved and think
creatively about addressing these issues, drawing parallels to how each generation faces and solves
problems left by previous ones.

As the session neared its end, the moderator invited each speaker to share their final thoughts and
calls to action. Davoren emphasized the importance of seeking simple solutions, keeping in mind the
core goals of reducing CO2 emissions and promoting recycling. He encouraged innovative approaches
to these fundamental objectives.
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Chigbu stressed the significance of raising awareness about circularity and recycling issues. Chigbu
highlighted the need for collaborative efforts in finding solutions, emphasizing that increased aware-
ness would lead to more diverse perspectives and ideas. Chigbu also underscored the importance of
research and development in addressing unanswered questions and challenges in the field.

Singh, drawing from his experience, emphasized the critical need for young people to understand and
engage with waste management issues. He connected recycling efforts to broader climate change con-
cerns, citing recent extreme weather events as evidence of the urgent need for action. Singh advocated
for a systemic approach to recycling, suggesting that the responsibility and costs should be integrated
into product design and pricing, with producers taking a more active role in the recycling process.

Williams -Wynn concluded by urging individual action and responsibility. He emphasized that change
comes from each person doing their part rather than relying on others to solve these issues. Williams
-Wynn encouraged mutual accountability in environmental efforts.

Throughout the session, there was a consistent emphasis on collaboration, innovation, and personal
responsibility in addressing battery waste management and broader environmental challenges. The
speakers’ diverse perspectives highlighted the multifaceted nature of these issues and the need for
comprehensive, collaborative approaches to creating sustainable solutions.
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