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Indemnity Clause

| understand that the Australian Battery Society (ABS) and / or Anton Paar PTY LTD may publish
the executive summary of this Report, either in hard copy or on the internet or both, and consent
to such publication.

| indemnify the Australian Battery Society and Anton Paar against any loss, costs or damages it
may suffer arising out of any claim or proceedings made against the ABS or AP in respect of or
arising out of and claim or proceedings made against the ABS or AP in respect of or arising out of
the publication of any Report submitted to the ABS or AP and which the ABS or AP places on a
website for access over the internet.

| also warrant that my Final Report is original and does not infringe the copyright of any person, or
contain anything which is, or the incorporation of which into the Final Report is, actionable for
defamation, a breach of any privacy law or obligation, breach of confidence, contempt of court,
passing-off or contravention of any other private right or of any law.

Signed: Montajar Sarkar Date: November 2024
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Executive Summary

| am deeply honoured to have received the
Anton Paar Battery Innovation Award 2023,
a meaningful milestone in my research
journey. My heartfelt thanks go to the
Australian  Battery Society for this
prestigious recognition. | would also like to
express my sincere appreciation to my PhD
supervisors, Scientia Professor Veena
Sahajwalla and Lecturer Dr. Rumana
Hossain, for their invaluable guidance,
support, and innovative insights that have
shaped my research path.

THEWORLD COMES HERE.
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Congratulations to

Montajar Sarkar

This award was given in recognition of my s 9003
work toward creating more sustainable Li- [ 3 =
ion and Na-ion batteries. My research

centres on producing renewable carbon by recycling waste materials, specifically carbon-rich waste
like waste tires and waste plastics. Carbon has long been essential for making anodes in batteries,
so my approach involves transforming these waste products into renewable carbon for use in
batteries. This process tackles a significant environmental issue. For instance, in 2018, Australia
consumed 465,000 tonnes of tires, yet only 6% were reused. By 2030, annual tire consumption is
projected to reach 548,000 tonnes. Recycling this vast amount of waste, along with other carbon-
based materials, can promote environmental, economic, and material sustainability.

Additionally, producing renewable carbon from waste materials directly supports key global goals—
specifically, SDG 7 (affordable and clean energy) and SDG 12 (responsible consumption and
production). Through this research, | hope to contribute to a more sustainable, cleaner, and
economically viable future.
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TMS 2024

| had the privilege of presenting my research at the prestigious TMS 2024, 153 Annual Meeting,
held from March 3@ to 7" in Orlando, Florida. My research presentation, alighed with the
symposium theme on Advanced Materials for Energy Conversion and Storage, highlighted my
exploration of carbon-based materials for energy storage applications. This symposium featured
four key themes: Energy Conversion, Energy Storage, Materials Design for Sustainability and Energy
Harvesting, and Functional Materials including Coatings, Ceramics, and Alloys. My work was
showcased under the Energy Storage theme, specifically focusing on Li-ion, Na-ion, Li-S, and Li-air
batteries.

The Award & My Learning

The Anton Paar Battery Innovation Award 2023
recognized my contributions to the sustainable
development  of rechargeable batteries,
specifically Li-ion and Na-ion systems. As demand
for electric vehicles (EVs), grid storage, and
portable electronics continues to rise, sustainable
battery development is essential to ensure cost-
effective production and stable supply chains.
Traditional battery-grade materials like cobalt and
lithium are geographically limited, leading to
market volatility. By adopting sustainable
practices and alternative materials, we can reduce
reliance on these limited resources, stabilizing costs and ensuring long-term viability. Development
of Na-ion batteries, which rely on more widely available sodium rather than lithium, can promote
economic self-sufficiency, especially in regions with limited lithium reserves. This shift can stimulate
local economies and reduce dependency on costly imports. Critical materials such as cobalt and
nickel, used in conventional Li-ion batteries, are both expensive and limited. Recycling and
developing alternative materials reduce pressure on these resources and ensure the availability of
essential elements. Sustainable battery technology can focus on increasing battery lifespans,
reducing the frequency of replacement and the demand for new materials. This can be achieved
through advanced materials that offer higher stability, slower degradation, and better recyclability.
Na-ion technology leverages more abundant materials, like sodium and iron, promoting a shift from
scarce to widely available resources, which is essential for scalable, long-term battery production.
Mining lithium, cobalt, and nickel has significant environmental consequences, including habitat
destruction, soil and water pollution, and carbon emissions. Sustainable battery development can
minimize these impacts by lowering demand for these materials or by shifting to alternatives that
are less harmful to extract. A sustainable approach includes the use of recycled and renewable
materials, reducing emissions associated with mining, refining, and transport. It also includes
processes designed to minimize waste and energy consumption during battery manufacturing.
Traditional Li-ion batteries contain toxic elements, which can cause environmental contamination if
not properly disposed of. Developing eco-friendly Na-ion batteries and improving recycling
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technologies ensures that spent batteries do not harm the ecosystem, aligning with circular
economy goals.

As my research is solely focused on synthesis of renewable carbon material from carbon-based
wastes such as waste rubber, waste plastics, and automotive shredder residue (ASR) to use as anode
material in sustainable development of rechargeable lithium and sodium ion batteries. My main
objective is to efficiently and sustainably carbon materials synthesis out of the above-mentioned
wastes without creating environmental burden, ultimately leading to a reduction in CO; emission.
These wastes contain a lot of toxic chemicals. When these wastes are landfilled or dumped, they
pollute our environment. The concerned regarding the generation of microplastic from waste plastic
items and rubber tyres in now the talk of the town. Due to slow degradation, these wastes leach
toxic chemicals and produce microplastics which ultimately contaminate our water and food chain
and ends up in our body. As my research is directly related with recycling of these notorious wastes,
| demonstrated a practical scenario in the roundtable discussion that how these wastes generate
microplastics, gases, leach toxic chemicals and heavy metals into the environment and contaminant
our food and water. | proposed potential solutions to address these problems, such as synthesising
renewable carbon from these carbonaceous wastes and utilising the renewable carbon as anode
material in Li-ion and Na-ion batteries development. | acquired advanced and deep insights into
emerging technologies and innovations within the field of battery science and technology via
participating TMS 2024 conference. Specifically, it enhanced my knowledge and deepen my
understanding of the latest advancement about novel materials and design approaches of anode
active materials for Li and Na-ion batteries via looking at other research work and interacting with
other internation researchers. Additionally, | am sharpened my skills in evaluating and implementing
cutting-edge solutions in the field, with a focus on sustainable and efficient energy storage solutions.
As part of my research on the recycling of carbonaceous wastes, | focused on correlating my
proprietary waste recycling strategy with the emerging materials and technologies in Li and Na-ion
batteries.

Conclusions and Insights: Driving Energy Storage
Innovations in Australia

The he Anton Paar Battery Innovation Award 2023 was a significant milestone for me and deeply
motivated me to expand my research experience by participating in international research
platforms. Keeping that in mind, | participated in TMS 2024, the 153™ Annual Meeting, in Orlando,
Florida, with a presentation titled “Carbon Materials: Indispensable Contender in the Field of Energy
Storage Applications,” representing the University of New South Wales (UNSW Sydney), the Centre
of Sustainable Materials Research & Technology (SMaRT@UNSW), and the Australian Battery
Society (ABS). It was an absolute honor for me to present and highlight the connection between
renewable energy and the sustainable development of batteries on an international platform. After
returning from Orlando, Florida, | engaged with local communities, my research group, and
domestic conferences to convey the message about what the international community thinks
regarding waste recycling and the sustainable development of batteries. | had the incredible
opportunity to showcase my thoughts on renewable energy and engineering at the 2024
AMAS/AXAA Joint Student Seminar (October 17, 2024), hosted by UNSW Sydney, and the AMSCA-
2024 Conference (4th International Conference, September 25-27, 2024), hosted by Queensland
University of Technology (QUT)
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Based on the knowledge and experience | have gained through engagement with both domestic and
international research communities, | can confidently assert that Australia possesses tremendous
potential for sustainable battery development. My recommendation is to implement a
microrecycling strategy aimed at recycling metallic, non-metallic,c and organic wastes.
Microrecycling refers to the small-scale recycling of waste materials to produce value-added
products, particularly when the available waste is insufficient to sustain a large-scale recycling
operation. While large-scale recycling has its advantages, it also comes with significant limitations,
including high transportation and labour costs, power supply challenges, and the need to collect
substantial amounts of waste. In contrast, microrecycling offers a more accessible solution, allowing
waste to be processed in modular "MICROfactories" established within local municipalities. This
approach can eliminate the need for centralized waste collection and transportation, leading to
reduced fuel consumption and lower carbon emissions.

The sustainable development of batteries in Australia greatly depends on innovative waste recycling
practices. By upcycling carbon-based waste materials such as discarded rubber, plastics, and
automotive shredder residue (ASR), we can create valuable anode materials for lithium-ion and
sodium-ion batteries. This not only addresses the pressing issue of waste management but also
mitigates the environmental impacts associated with traditional battery production. Recycling these
materials lessens our reliance on finite resources natural graphite, which is often subject to market
volatility and environmental concerns related to its extraction. By embracing a circular economy
model, we can enhance resource efficiency and lower greenhouse gas emissions associated with
battery manufacturing. Furthermore, promoting local recycling initiatives stimulates the economy,
creates jobs, and encourages community engagement in sustainable practices. As Australia strives
for a greener future, integrating waste recycling into battery development will play a crucial role in
establishing a sustainable energy storage system, ensuring that technological advancements align
with environmental stewardship. Transforming waste into a resource will help build a more resilient
and eco-friendly battery industry that meets the increasing demand for clean energy solutions.

In 2015, the United Nations established a set of 17 Sustainable Development Goals (SDGs) to
promote global sustainability. Australia has a unique opportunity to lead in sustainable
development through waste recycling initiatives. Recycling efforts can directly contribute to
achieving several key SDGs: SDG 7 (Affordable and Clean Energy), SDG 9 (Industry, Innovation, and
Infrastructure), SDG 12 (Responsible Consumption and Production), and SDG 11 (Sustainable Cities
and Communities). Moreover, waste recycling can help Australia prevent contamination of water,
soil, and food, thereby supporting the sustainable development of clean energy.

By championing innovative waste recycling practices, Australia can pave the way for a sustainable
development, ensuring that we harness our resources wisely and responsibly.

For more information about the Australian Battery Society and the Anton Paar Battery
Innovation Award, please go to www.australianbatterysociety.org or email us at
admin@australianbatterysociety.org
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