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Abstract: The fast growth of electric vehicles (EVs), consumer electronics, and renewable energy storage in India has 

resulted in a huge volume of lithium-ion battery (LIB) waste, which demands effective recycling. This work examines 

the LIB recycling scenario in India with an emphasis on technological advancement, financial viability, policy regime, 

and environmental stewardship. The work concentrates on hydrometallurgical over pyro-metallurgical processes, AI-

driven automation, and predictive modeling to achieve maximum material recovery and minimum carbon footprint. A 

business model is envisioned, with cost structures, revenue streams, and investment strategies, illustrating the feasibility 

of a financially viable and sustainable LIB recycling system. Quantitative estimates an increase in LIB waste to 50,000 

metric tons by 2025, highlighting the importance of policy-backed incentives, public-private collaborations, and 

infrastructure investments. Lifecycle Assessment (LCA) studies also suggest that LIB recycling can reduce carbon 

emissions by 60%, according to India's net-zero emission goals. The study concludes that the integration of global best 

practices, government incentives, and advanced technologies can position India as a global leader in sustainable battery 

waste management, ensuring resource security, economic viability, and environmental sustainability. 
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I. INTRODUCTION 

 

Lithium-ion batteries are batteries which are rechargeable and contain lithium and ions which intercalate and are stored 

and supplied by a protective layer. The cathode emits ions to the anode when charged, where energy is stored, and the 

anode emits ions back to the cathode while releasing energy during discharge. That is how lithium-ion batteries work. 

These batteries enjoy popularity because they have fast charging, long lifetimes, and high power densities in a low weight. 

As such, they are used abundantly in plenty of electronic and automotive products like toys, cellular phones, notebook 

computers, flashlights, electric vehicles, wireless headsets, smart devices, digital cameras, etc. Growing use of lithium-

ion batteries has generated greater demand for lithium, which is a finite material, and extensive mining of lithium is 

environmentally challenging. Additionally, wasteful disposal of spent batteries is generating environmental problems in 

the form of water and air pollution, requiring recycling. Recycling of lithium-ion batteries entails the collection of spent 

batteries, transportation to treatment centers, and re-processing of the lithium for reuse. There are three broad recycling 

methods of such batteries: pyro metallurgy, hydro metallurgy, and direct recycling. 

 

II. GLOBAL SCENARIO OF LI-ION BATTERY RECYCLING 

 

With the ever-growing need for energy storage systems, consumer electronics, and electric vehicles (EVs), the application 

of lithium-ion (Li-ion) batteries has increased exponentially. Recycling Li-ion batteries is therefore a very critical aspect 

of resource management and environmental conservation. In 2020, approximately 200,000 metric tons (MT) of Li-ion 

batteries had already reached the end-of-life stage and needed to be recycled (Gaines, 2021). As the demand for EVs 

expands, the figure is bound to expand exponentially, as projected to rise sevenfold by 2030 (Harper et al., 2022). China 

is currently the world's largest Li-ion battery recycler, with over 500,000 MT annually of recycling capacity as of 2023. 

The United States and Europe are in close second place, with their total capacities significantly lower than China's. China 
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tops the list due to its regulatory framework, mass industrial scale, and state subsidies to promote battery recycling 

facilities (Zeng et al., 2022). As per market analysis, global Li-ion battery recycling market value was around $6.5 billion 

in 2022. Forecast is set at a compound annual growth rate (CAGR) of 20%, and the market is expected to grow to almost 

$35 billion by 2031 (Fortune Business Insights, 2023). The forecasted growth is influenced by regulatory systems, rising 

raw material shortages, and technology advancement in battery recycling processes. 

 

III. MARKET DRIVERS AND CHALLENGES 

 

China, the European Union, and the United States of America have all put in place stringent regulations to facilitate 

effective battery recycling. The EU Battery Directive requires high recycling efficiency, while China's Extended Producer 

Responsibility (EPR) policy holds producers accountable for end-of-life battery disposal (Bobba et al., 2021). Recycling 

Li-ion batteries also recovers valuable materials like lithium, cobalt, nickel, and manganese. These metals are used in the 

production of new batteries, lessening the reliance on the processing of virgin material, which is expensive and 

ecologically destructive. Advances in the advanced recycling technologies of hydrometallurgical and direct recycling 

have enhanced lithium and cobalt efficiency recovery rates, rendering recycling financially viable (Richa et al., 2022). 

Even with these developments, there remain some of the challenges, including that recycling is expensive, disassembling 

the batteries poses health risks, and there is not geographically standardized facility for recycling. 

 

IV. FUTURE PROJECTIONS AND ECONOMIC IMPACT 

 

World Li-ion battery requirement will grow from approximately 700 GWh in 2023 to more than 3,500 GWh in 2035, 

and hence there is an urgent necessity for efficient recycling infrastructure (IEA, 2023). Since post-use batteries are likely 

to increase manyfold, recycling needs to double up on their processing volume as well as material recovery so as to 

achieve sustainability targets. 

 

Table 1 Global Scenario 

 

Parameter Value (Year) Source 

Market Value $16.2 Billion (2024) MarketsandMarkets (2024) 

Projected Market Value $56.9 Billion (2032) MarketsandMarkets (2024) 

Expected CAGR (2024-2029) 17.0% MarketsandMarkets (2024) 

Asia-Pacific Recycling Capacity 11 Million Tons (2029) Interact Analysis (2024) 

 

The lithium-ion battery recycling market is likely to see tremendous growth with technological advancement, strategic 

geographic expansion, and worldwide movement towards clean energy technology. Governments, industry players, and 

technology giants must join hands to overcome the current challenges and to create a strong, effective, and green battery 

recycling system worldwide. 

 

4.1 Indian Scenario of Li-Ion Battery Recycling 

 

India is also witnessing an increase in the consumption of electronic products, heavily influenced by the COVID-19 

pandemic that went ahead to spur remote working and online learning. More usage of smartphones, laptops, and other 

electronic equipment has witnessed a proportional rise in the amount of lithium-ion battery waste, and hence a proper 

mechanism for disposal and recycling of batteries is needed. Still, issues like infrastructural inadequacies, environmental 

degradation, loss of resources, and regulatory clogs continue to haunt the development of a vibrant recycling industry. 

To overcome them, there should be a synergy between policy intervention, technological transition, and incentive 

provision by the stakeholders. 

 

To create an operational lithium-ion battery recycling system in India, a full business model must be developed. It must 

involve substantial collection, processing, and material recovery activities through proper collaboration between the 

government departments, private sector, and research institutes. Financial management must involve initial cost, means 

of finance, and break-even point to make the venture commercially viable. In addition, the environmental benefits of 

pollution reduction and conservation of natural resources must also be quantified to prove sustainability. Overcoming 

inefficiencies in operations like high initial investments, regulatory barriers, and technology constraints through 

automation and policy measures will be crucial for India's transition to a circular economy. 
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Table 2 Indian Scenario 
 

Parameter Value (Year) 

Total Li-Ion Batteries Recycled 200,000 MT (2024) 

Market Value $6.5 Billion (2024) 

Projected Market Value $35 Billion (2031) 

Expected CAGR (2022-2031) 20% 

Global Battery Demand Forecast 3,500 GWh (2035) 

India’s E-Waste Generation 3.2 Million MT (2024) 

Estimated Li-Ion Battery Waste in India 50,000 MT (2025) 

 
V. LITERATURE REVIEW AND POLICY ANALYSIS 

 

The fast-paced adoption of lithium-ion batteries in India, driven by the growth of electric vehicles (EVs), consumer 

electronics, and renewable energy storage, has necessitated fast-paced implementation of a good recycling mechanism. 

The E-Waste (Management) Rules, 2022, by the Central Pollution Control Board (CPCB), bring lithium-ion batteries 

under Extended Producer Responsibility (EPR) and mandate producers to acquire custody of their end-of-life batteries 

in an environmentally sound manner (CPCB, 2024). Yet India is not close to a full-fledged approach that that of the 

world's top players like China, the European Union (EU), and the United States. Within China, EPR policy has rigorous 

enforceability where battery manufacturers are required to recycle and reintegrate a certain amount of material reclaimed 

into new batteries (Zeng et al., 2022). Concurrently, the EU Battery Regulation Framework of 2024 requires a minimum 

recycled content rate in new batteries to promote circular economy policy (European Commission, 2024). On the other 

hand, India has not yet developed any regulation with obligatory recycling rates, resulting in the ineffectiveness of 

resource recovery. Evidence suggests that although India has been enhancing collection rates through implementation of 

EPR, its absence of state-of-the-art recycling plants and financial incentives is threatening mass adoption (Sharma & 

Patel, 2025). The high capital expenditure, absence of investor trust, and decentralized collection networks also deter 

business growth. Based on the International Energy Agency (IEA, 2025), Germany and Japan have managed to ramp up 

their battery recycling industries through offering subsidies and tax breaks for private recyclers, something that India can 

adopt in an effort to induce investment in the industry. 
 

To address regulatory and infrastructural shortfalls, India will have to embrace best international practices by introducing 

policy-driven incentives such as government subsidies, tax breaks, and recycling guarantees in a bid to attract investment. 

Technological innovation like AI-enabled sorting and automation, very common in the EU and China, can potentially 

improve material recovery efficiency and lower costs of operations (Zhang et al., 2024). Furthermore, India's absence of 

consumer education and institutional battery collection system is in sharp contrast to nations like Sweden and South 

Korea, with deposit-refund schemes encouraging end-users to bring back spent-up batteries to be recycled (IEA, 2025). 

Another major issue is the absence of strict compliance inspection, leading to the improper dumping and environmental 

hazard. Having a central lithium-ion battery registry following the life cycle of batteries such as in the case of the EU's 

Battery Passport Initiative (2024) could improve traceability and efficacy (European Commission, 2024). With India's 

waste from lithium-ion batteries expected to grow to 50,000 metric tons by 2025 (Industry Reports, 2025), the necessity 

for policy measures to establish a scalable, policy-led ecosystem is imperative. Enhancing public-private partnerships, 

establishing recycling efficiency standards, and introducing minimum recycled content standards will be essential in 

enabling India to move towards a sustainable battery recycling sector and curb raw material imports. 

 

VI. BUSINESS MODEL AND ECONOMIC FEASIBILITY 

 

India's electric vehicle (EV) industry, driven by rapid expansion over the past few years, along with energy storage and 

consumer electronics lithium-ion battery demand, has created a requirement for efficient large-scale recycling 

infrastructure. With an estimated 50,000 metric tons of lithium-ion battery waste in 2025 and 2 million metric tons in 

2030, establishing a scalable, cost-effective model of recycling becomes essential (CPCB, 2024). Indian model for a 

lithium-ion battery recycling facility has three elements: collection of batteries, processing technology, and material 

resale. End-of-life EVs, consumer electronics, and industrial-scale energy storage products can be the potential sources 

of the batteries with the collection being brought about through reverse logistics transactions, municipal level e-waste 

aggregators, and battery-swapping kiosks (NITI Aayog, 2024). The Indian recycling process employs mainly 

hydrometallurgical and direct recycling methods, which are cost-effective and environmentally friendly compared to 

conventional pyrometallurgical smelting (Sharma & Patel, 2025). A plant of medium size with a capacity of 10,000 

metric tons/year will need an initial investment of around ₹80–120 crore ($10–15 million) for land purchase, plant 

establishment, trained staff, and operational expenses (IEA, 2025). Revenue sources are the sale of products extracted 
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(lithium, cobalt, and nickel) to battery manufacturers, government incentives under the Production Linked Incentive (PLI) 

scheme, and providing waste management services to battery manufacturers and EV companies (Ministry of Heavy 

Industries, 2024). India's EPR under the E-Waste (Management) Rules, 2022 obligates battery manufacturers to recycle 

or reclaim some of their retired batteries, and once again, there is greater business potential for recycling start-ups (CPCB, 

2024). With government assistance and funding, the plant's break-even point will be 5-7 years and will be profit-making 

and sustainable in character (FICCI, 2025). 

 

A couple of Indian firms already operate lithium-ion battery recycling, and its economic viability has been established. 

The Tata Chemicals, Lohum Cleantech, and Attero Recycling are market leaders that utilize sophisticated 

hydrometallurgical methods to recycle as much as 95% of the most critical material in the battery (NITI Aayog, 2024). 

Attero Recycling, for instance, installed a plant to recycle 11,000 metric tons of used batteries per year, which made the 

country less reliant on raw material imports (Sharma & Patel, 2025). State schemes such as FAME-II (Faster Adoption 

and Manufacturing of Electric Vehicles) and PLI for ACC battery manufacturing enhance investment in battery recycling 

even further (Ministry of Heavy Industries, 2024). But despite the rapid growth, factors like high up-front costs, low 

awareness, and disorganized e-waste collection networks are still holding back mass-scale take-up (IEA, 2025). To 

overcome these impediments, India will need to embrace best global practices such as deposit-refund schemes, tax credits, 

and obligatory utilization of recycled content quotas (FICCI, 2025). Use of AI-driven sorting technologies and 

automation in recycling facilities can also lower the cost of operation and improve efficiency, making lithium-ion battery 

recycling an optimal choice for India's sustainable energy transition. 

 

VII. TECHNOLOGICAL INNOVATIONS AND SUSTAINABILITY 

 

India’s push towards sustainable lithium-ion battery recycling is increasingly reliant on technological advancements, 

automation, and AI-driven sorting mechanisms. The adoption of hydrometallurgical over pyro-metallurgical methods is 

a key shift in the Indian context, driven by the need for low-energy, high-efficiency recovery processes. 

Hydrometallurgical recycling, which uses chemical leaching to extract lithium, cobalt, and nickel, has been shown to 

recover over 95% of valuable materials, making it a preferred method among Indian recyclers like Lohum Cleantech and 

Attero Recycling (Sharma & Patel, 2025). In contrast, pyrometallurgical methods, which involve high-temperature 

smelting, are energy-intensive and produce toxic emissions, making them less suitable for India’s sustainability goals 

(IEA, 2025). The integration of AI-powered sorting and automation in recycling plants can further enhance efficiency by 

accurately identifying battery chemistries, reducing manual errors, and increasing material recovery rates (NITI Aayog, 

2024). AI and machine learning algorithms are now being explored by Tata Chemicals and government-backed pilot 

projects to optimize battery dismantling and separation processes. Additionally, India’s EV battery manufacturers are 

beginning to implement blockchain-based tracking systems for better monitoring of battery life cycles and recycling 

compliance (Ministry of Heavy Industries, 2024). These technological innovations are essential for meeting India’s 

circular economy goals and reducing dependence on imported raw materials. 

 

A Lifecycle Assessment (LCA) of lithium-ion battery recycling in India reveals significant reductions in carbon footprint 

and environmental impact. Studies suggest that battery recycling reduces CO₂ emissions by up to 60% compared to 

mining raw materials, contributing to India’s net-zero emissions target by 2070 (FICCI, 2025). Hydrometallurgical 

recycling, in particular, reduces energy consumption by 30-40%, making it an environmentally viable solution (IEA, 

2025). However, emerging solid-state battery technology presents both challenges and opportunities for future recycling 

efforts. Solid-state batteries, which use solid electrolytes instead of liquid ones, promise higher energy density and 

improved safety but introduce new complexities in recycling due to their material composition (Sharma & Patel, 2025). 

India’s Council of Scientific & Industrial Research (CSIR) and IIT Madras are currently conducting research on scalable 

recycling methods for solid-state batteries, ensuring early preparedness for the next generation of battery waste (NITI 

Aayog, 2024). As the Indian EV market expands, investment in battery material recovery technologies, AI-driven 

automation, and eco-friendly recycling processes will be crucial to ensuring sustainability, economic feasibility, and 

compliance with global recycling standards. 

 
VIII. QUANTITATIVE FORECASTS AND FUTURE SCOPE 

 

The growing use of electric vehicles (EVs), renewable energy storage, and consumer electronics in India has resulted in 

a sharp rise in the generation of lithium-ion battery (LIB) waste. According to historical growth patterns and market 

projections, India's LIB waste is likely to grow from 12,000 metric tons in 2020 to almost 50,000 metric tons by 2025, at 

a CAGR of 32.1% (CPCB, 2024). Through the application of time-series forecasting techniques like ARIMA 

(AutoRegressive Integrated Moving Average) and linear regression, professionals estimate that by 2030 India can 

produce more than 2 million metric tons of LIB waste per year, necessitating massive investment in recycling facilities 
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and material recovery technology (NITI Aayog, 2024). India's recycling rates are currently less than 10%, far behind 

world leaders China (45%) and the European Union (35%) (IEA, 2025). Without adequate infrastructure development, 

India can experience severe resource shortages, environmental risks, and raw material import dependence (Sharma & 

Patel, 2025). These issues can be addressed through data-driven planning potential. Machine learning models can forecast 

past trends in battery usage and disposal to maximize collection networks, processing effectiveness, and economic 

viability (Ministry of Heavy Industries, 2024). The scheme by the government of India under the PLI (Production Linked 

Incentive) plan and FAME-II incentives for battery manufacturing will see domestic recycling capacity grow from 20,000 

metric tons in 2023 to more than 100,000 metric tons by 2027 (FICCI, 2025). 

 

To have a sustainable and lucrative battery recycling business, the players need to implement data-driven decision-

making practices. Market research predicts that the demand for recycled cobalt and lithium will grow 500% by 2030 in 

India, and material recycling and urban mining will be an extremely lucrative business (IEA, 2025). Monte Carlo 

simulation-based scenario analysis confirms that if India achieves a recycling rate of 30% by 2028, it can save $1.5 billion 

annually on lithium imports (NITI Aayog, 2024). Furthermore, as per industry reports, India's battery recycling market 

size is estimated to reach $6.5 billion by 2027 with a projected CAGR of 20% (FICCI, 2025). To speed up growth, 

policymakers will need to introduce incentives for battery collection, create AI-driven sorting and processing technology, 

and introduce mandatory recycling targets (Ministry of Heavy Industries, 2024). Investment in data analytics, blockchain-

enabled battery lifecycle monitoring, and automated disassembly factories will also increase efficiency and reduce costs. 

With India emerging as the world's third-largest electric vehicle market, a structured recycling network through predictive 

modeling and market understanding can make the nation a global leader in environmentally friendly lithium-ion battery 

waste management with reduced environmental footprint and enhanced resource security. 
 

Table 3 Lithium-Ion Battery Waste and Recycling Capacity Trends in India (2020-2025) 
 

Year 
LIB Waste 

Generated (MT) 

Recycling 

Capacity (MT) 

Recycling Rate 

(%) 

Projected Market 

Value ($ Billion) 

2020 12,000 1,200 10% 1.2 

2021 18,500 2,500 13.5% 1.8 

2022 27,800 5,000 18% 2.7 

2023 35,000 10,000 28.5% 3.9 

2024 42,500 18,000 42.3% 5.2 

2025* 50,000 30,000 60% 6.5 

(*Forecasted data for 2025) 
 

IX. CONCLUSION 
 

The destiny of lithium-ion battery (LIB) recycling in India is pivotal in attainment of sustainable energy objectives, 

lowering environmental risks, and enabling circular economy. As a result of increasing electric vehicle (EV) uptake, 

expansion of renewable energy storage, and consumer electronics applications, the quantity of end-of-life LIBs will 

increase exponentially. Hence, it is not a choice but an imperative to create a right and solid recycling infrastructure. The 

government of India has already brought policy interventions like the Production Linked Incentive (PLI) scheme and the 

E-Waste (Management) Rules, 2022, to encourage collection, recovery, and recycling of batteries. The recycling rate is 

still less than 10%, which is far from global benchmarks. To close this gap, India requires enormous investments in 

hydrometallurgical and direct recycling technology, automation, AI-sorting technology, and networked collection 

infrastructure. Building a good recycling supply chain will end reliance on imports of lithium, cobalt, and nickel from 

foreign countries, thereby enhancing India's energy security and sovereignty. 
 

Although technology and policy actions hold promising avenues, there are few challenges to overcome to bring them to 

fruition at large. Excessive capital outlay, lack of consumer awareness, and ineffective waste collection systems are prime 

deterrents. To overcome these barriers, India will have to adopt global best practices, such as minimum recycling 

percentages, deposit-refund schemes, tax incentives, and blockchain traces for battery lifecycle tracking. Secondly, 

Lifecycle Assessment (LCA) studies find that LIB recycling can reduce emissions by as much as 60% and is a crucial 

component of India's strategy for a sustainable future. Market projections suggest that the Indian battery recycling market 

may be worth $6.5 billion by 2027, presenting an investment opportunity that foreign and domestic players are keen to 

exploit. The future of battery recycling in India will hinge on the collective efforts of policymakers, private investors, 

technology entrepreneurs, and ecologists. With data-driven decision-making, predictive modeling, and AI-driven process 

optimization, India can be a world green lithium-ion battery recycling leader. A well-designed recycling infrastructure 

will not only solve environmental issues but also fuel economic growth, technological progress, and future energy 

security. 
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