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Foreword – TERI

India’s journey towards net-zero future involves not merely energy 
transition, but structural transformation of how we produce and value 
material resources. For net zero-oriented growth, modern economies 
have become increasingly dependent on availability and access to 
critical minerals. As this white paper outlines, the imperative of clean 
energy transition has brought critical minerals to the forefront of 
global economic and geopolitical discourse. For a country like India, 

where demand of critical minerals is rising rapidly even as domestic availability remains 
constrained, ensuring secure and sustainable access to such minerals is both a strategic and 
developmental imperative. 

This paper makes a timely and important contribution to this discourse by highlighting the 
role of resource circularity, particularly through handling of E-Waste, as a viable and necessary 
pathway to strengthen India’s critical mineral security. It moves beyond conventional supply-
side discussions and places emphasis on “urban mining” as a complementary and resilient 
approach. The evidence presented here demonstrates that the recovery of valuable materials 
from end-of-life products can significantly offset primary resource dependence, while also 
delivering economic and environmental co-benefits. 

At the same time, the paper does not shy away from addressing the structural challenges 
that constrain this transition. The dominance of the informal sector, gaps in technology and 
infrastructure, limited traceability, and evolving market dynamics collectively underscore 
the complexity of building an effective circular ecosystem. Importantly, the paper adopts a 
pragmatic view, recognising that solutions must be inclusive, market-aligned, and grounded 
in institutional realities. 

The recommendations put forth are both actionable and forward-looking. It ranges from 
strengthening Extended Producer Responsibility frameworks and improving regulatory 
enforcement, to fostering innovation, enabling technology transfer, and integrating informal 
actors. This paper offers a comprehensive roadmap for policymakers, industry, and civil 
society alike. It reinforces the need for coordinated multi-stakeholder action to unlock the 
full potential of secondary resource recovery. 

As India advances its National Critical Minerals Mission and deepens its commitment to 
sustainable development, the ideas presented in this paper assume even greater relevance. 
Circularity is not a substitute for primary supply, but  an essential pillar of resilience, efficiency, 
and long-term sustainability.

I commend the paper for its cogent analysis and thoughtful articulation of this complex 
subject. I hope that this work informs policy deliberations, inspires innovation, and catalyses 
collaborative action towards building a robust circular economy for critical minerals in India.

R. R. Rashmi 
Distinguished Fellow and Programme Director 

TERI
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Foreword – Messe Frankfurt

India stands at a pivotal moment in its industrial and sustainability 
journey. The country’s growth in electronic manufacturing, renewable 
energy, and digital infrastructure is accelerating at an unprecedented 
pace. However, this momentum also brings into sharper focus a critical 
challenge – the dependence on imported raw materials, particularly 
critical minerals essential for semiconductors, batteries and advanced 
technologies. In this context the responsible management of 

electronics waste and recovery of valuable resources is gaining increasing significance. 

India is also among the fastest-growing generators of electronics waste globally. While 
this presents an environmental concern, it also highlights a significant, yet underutilized 
opportunity. E-Waste, if managed efficiently, can serve as a reliable secondary source 
of critical materials. Today, however, much of this potential remains untapped due to 
fragmented collection systems, limited formal recycling capacity and the continued 
dominance of the informal sector. 

Addressing these challenges requires a more integrated and collaborative approach – 
bringing together policy support, technological innovation, formalization of recycling 
ecosystems and greater industry participation. Strengthening traceability, improving 
collection infrastructure and scaling advanced recycling technologies will be key to 
unlocking value from secondary resources and reducing import dependence. 

This knowledge paper reflects on the current state of India’s E-Waste ecosystem and 
highlights the strategic importance of resource recovery in the broader context of critical 
mineral security. It examines existing policy frameworks, industry developments and 
emerging technologies, while identifying key areas where focused intervention can drive 
systematic change. 

At Messe Frankfurt Trade Fairs India, we see sustainability and circularity not only 
environmental priorities, but essential enablers of long-term industrial resilience and 
competitiveness. Through platforms such as the WasteTech India Forum, we convene 
leading experts and professionals who understand the complexities of the sector enabling 
informed dialogue and practical solutions that can drive real industry progress. 

We hope this white paper contributes constructively to ongoing discussions and 
encourages greater collaboration across the value chain to unlock the full potential of 
India’s circular economy. 

Mr Raj Manek 
Executive Director & Board Member 

Messe Frankfurt Asia Holdings Ltd
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Executive Summary

As India advances toward its Net Zero 2070 target, the transition to clean energy technologies such as electric 
vehicles, renewable energy, and energy storage systems has significantly increased the demand for critical 
minerals including lithium, cobalt, nickel, graphite, and rare earth elements. However, these minerals are 
characterised by highly concentrated global supply chains, geopolitical vulnerabilities, and limited domestic 
availability, with India being heavily import-dependent for several key resources. For instance, India’s 
cumulative demand by 2070 is projected to reach 5.4 MMT of lithium, 11 MMT of nickel and 1.4 MMT of 
cobalt, underscoring the scale of the challenge. 

In this context, resource circularity, particularly through E-Waste recycling, is a strategic pathway to 
strengthen India’s critical mineral security. E-Waste contains a wide array of valuable metals, including critical 
minerals, which can be recovered through urban mining. India’s E-Waste generation is projected to grow at 
16.9% annually, reaching 14 million tonnes by 2030 and up to 45 million tonnes by 2040, driven by rapid 
digitalisation , extreme weather, increasing purchasing power and adoption of energy efficient devices and 
technology. The analysis demonstrates that, under an accelerated policy scenario, significant quantities of 
minerals can be recovered; for instance, lithium recovery could rise from ~0.4 kT in 2025 to ~28 kT by 2035–
40. This substantial increase in recovery is reflected for all the major critical minerals, such as cobalt, nickel and 
graphite, highlighting the scale of secondary resource potential. 

Despite this potential, the current E-Waste management ecosystem faces structural challenges that limit its 
effectiveness. The dominance of the informal sector handling nearly 78% of E-Waste results in low recovery 
efficiency, adverse labour conditions and environmental risks, while also reflecting deep-rooted livelihood 
dependencies. Additionally, data deficits and lack of traceability hinder accurate estimation of resource 
availability and policy targeting. Technological and infrastructure gaps, particularly in advanced material 
recovery, lead to the export of partially processed materials such as black mass, (in the case of Lithium-ion 
batteries), resulting in value leakage. Financial constraints and market inefficiencies, including limitations in 
the Extended Producer Responsibility (EPR) framework, further restrict the viability and scalability of formal 
recycling operations. 

India has already taken important policy steps, including the E-Waste Management Rules (2022), Battery 
Waste Management Rules (2022), and the National Critical Minerals Mission (2025), which collectively aim 
to strengthen recycling, promote circularity, and reduce import dependence. However, implementation 
gaps, limited enforcement, and misaligned incentives continue to impede the operationalisation of a fully 
functional circular ecosystem. 

To address these challenges, the following targeted interventions are proposed:

	» EPR Reform and Market Strengthening: Expand EPR scope to include critical minerals, enable 
transparent digital traceability, and shift toward market-based price discovery for EPR certificates. 

	» Enforcement and Governance: Strengthen compliance monitoring through audits, improve 
accountability across stakeholders, and plug regulatory loopholes enabling non-compliance. 

	» Technology and Infrastructure: Promote access to advanced recycling technologies, establish Common 
Facility Centres, and prevent value leakage through domestic processing of black mass. 
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	» Informal Sector Integration: Enable transition pathways through skilling, simplified registration, and 
livelihood-sensitive formalisation strategies. 

	» R&D and Financial Support: Increase investment in recycling innovation, standardise recycled materials, 
and improve access to finance through incentives, subsidies, and carbon-linked instruments. 

	» Market Development: Create stable demand through recycled content mandates, green procurement, 
and industry linkages for secondary materials. 

	» Collection and Awareness: Strengthen consumer awareness, expand collection infrastructure, and 
enable OEM-led take-back systems to improve feedstock flows. 

While circularity cannot entirely replace primary mineral supply, it can serve as a strategic complement, 
enhancing resource security, reducing environmental impacts, and building domestic resilience. A coordinated, 
multi-stakeholder approach anchored in robust policy design, technological advancement, and market 
alignment will be essential to unlock the full potential of E-Waste as a reliable secondary source of critical 
minerals. In doing so, India can not only strengthen its clean energy transition but also position itself as a 
global leader in circular economy practices for critical mineral value chains.

Industry-led implementation can accelerate this transition. Integrated circularity models, such as Attero’s 
end-to-end ecosystem spanning collection (Selsmart), transparent scrap discovery and trade enablement 
(MetalMandi), and high‑purity recycling demonstrate how compliance, traceability and value recovery can 
be strengthened in practice. A neutral convening platform, such as Attero’s co-owned industry IP with Messe 
Frankfurt can serve to align OEMs, regulators, recyclers and financiers around EPR reforms, standards, and 
market development for secondary critical minerals.
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1. 	 Introduction	

As India steadily charts its way towards its goal of achieving Net Zero 2070, it is witnessing the interplay of 
competing interests, resource pressures, and geopolitical power dynamics. Amid the global climate crisis, 
India strives towards a different path for progress - one of a sustainable, clean and environmentally conscious 
future. This transition is anchored in the shift towards and innovation of cleaner technologies such as solar 
photovoltaics (PVs), wind, battery technologies, electric vehicles (EVs), and electrolysers. India, guided by the 
values of Atmanirbharta (Self-reliance) has set forth a targeted mission to achieve its energy transition. 

The transition to cleaner energy technology shifts the dependence from emission-heavy fuels to minerals 
and electricity. Minerals play a central role in the energy transition and have increasingly become the focal 
point of geopolitical engagement, conferences and industrial innovation. Several countries across the globe 
have identified these minerals under differentiated terms; some as critical minerals, others as strategic 
minerals. Commonalities across these lists can be identified, as some of these minerals - lithium, cobalt, rare 
earth elements, play a crucial role in the production and composition of clean technologies. These minerals, 
however, happen to be unevenly geographically distributed. For example, 48% of the global cobalt deposits 
are located in the Democratic Republic of Congo, or that the lithium triangle of South America holds more 
than half of the world’s lithium deposits. They also require advanced processing techniques for efficient and 
cost-effective production. This is currently concentrated in a few processing hubs across the globe, giving 
rise to a monopolistic market for these elements. The export licensing of rare earth metals by China, which 
are difficult to extract and require highly advanced production techniques highlights the precarious nature 
of this mineral value chain. The volatile global critical minerals supply chain is increasingly taking on strategic 
importance as the new “oil and gas”, with potential for dramatic expansion in the coming decades. 

The International Energy Agency (IEA), taking cognisance of the world’s mineral needs, has undertaken studies 
to project future global demand scenarios to meet Net Zero targets. The IEA has presented the international 
demands of a select group of minerals, which are central to the energy transition. The demand projected in 
Table 1 are modelled under IEA’s Stated Policies Scenario as well as NITI Aayog’s Scenarios Towards Viksit 
Bharat and Net Zero for critical minerals. The demands would further increase under the Announced Pledges 
Scenarios and the Net Zero Emission 2050 Scenario model, which indicates aggressive adoption of cleaner 
technologies to meet set targets.  However, the primary supply of the minerals remains lower than the 
expected supply (IEA, 2025b).

Table 1: Demand for Key Critical Minerals for India and the World (NITI Aayog 2026b and IEA 2025b)

Mineral India’s Cumulative 
Demand 2070 (in million 
tonnes (MMT))

 IEA’s  2024 demand 
estimates (Global) (in 
kilotonnes (kT))

IEA’s 2040 demand 
estimates (Global) (in 
kT)

Lithium 5.4 205 928

Nickel 11 3371 5685

Cobalt 1.4 221 330

Graphite 46.4 4766 11010

Rare earth elements 0.6 91 150
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As illustrated above, the critical minerals space faces challenges for securing a resilient value chain both in 
terms of volatile and concentrated global networks as well as a steep demand increase in the coming decades. 
This paper seeks to highlight how a circular economy approach to waste electronic and electrical equipment 
(E-Waste/WEEE) would be able to tap into a significant stock of critical minerals trapped behind a resource that 
largely slips through the cracks or is inefficiently handled. The following sections outline India’s critical mineral 
scenario, the benefits of circularity, India’s current E-Waste scenario and policy landscape, before highlighting 
the barriers to a circular ecosystem for E-Waste management. Finally, the paper gives recommendations for 
the steps that can be taken to overcome these roadblocks and bring in circularity in the E-Waste space.
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2. 	 The Critical Mineral Outlook for India

2.1	The Mineral Demand for Clean Energy Technologies 

The green technologies, as mentioned earlier, utilise mineral-rich commodities, consuming varied quantities 
of different minerals. Up to a total of 43 minerals are crucial for some of the energy transition technologies. 
While the demand for a few of these minerals are cross-cutting, some technologies demand critical minerals 
in concentrated amounts (Chadha & Sivamani, 2024). These minerals can, however, be filtered to a smaller, 
focused group of critical and other energy transition minerals based on their technological usage.

The EV industry requires lithium, phosphorus, cobalt, nickel, graphite, and rare earths, apart from these critical 
minerals, as well as a substantial amount of copper. Solar technologies demand a smaller quantity of critical 
minerals, which are tin, tellurium, indium, and selenium; however, these technologies are largely dependent 
on Critical Energy Transition Minerals (CETMs), which are copper and silicon. Battery technologies drive the 
demands for graphite, cobalt, vanadium, nickel, lithium along with copper, while electrolysers consume 
iridium, platinum, zirconium, and lanthanum.

According to a report by the NITI Aayog (2026b), the cumulative demand of India for different minerals across 
green technologies by 2070 would be 16.6 million metric tonnes (MMT) of phosphorus, 0.7 MMT of Vanadium 
and 0.4MMT of Neodymium as per the Net-Zero Scenario. This transition would also require 66 MMT of copper 
and 19.5 MMT of Silicon under the Net-Zero Scenario rendering them as important CETMs.

2.2	National Critical Mineral Mission (NCMM)

India has been strategically developing its critical mineral value chain through a whole-of-government 
approach. NCMM is composed of seven pillars which are: increasing domestic production, acquisition of assets 
abroad, recycling of minerals, trade and markets, research and technological advancement, human resource 
development, and effective funding, financing and fiscal incentives.

To develop a sustainable and secure supply chain, the government has included many targeted reforms, 
policies and schemes. These measures include recovery of critical minerals from overburden/mine tailings, fly 
ash and other sources for which the government will allocate INR 100 Cr. for pilot projects. The government 
shall also formulate Standard Operating Procedures (SOPs) and guidelines for critical mineral recycling, which 
will be supported by good practices from the existing Extended Producer Responsibility (EPR) norms, in 
addition to the development of innovative practices to support circularity. The NCMM also provides for an 
incentive scheme for the recycling of critical minerals with a fund of INR 1500 Crore. To encourage recycling 
and provide sufficient feedstock for recycling, the mission lists out measures for the removal of import 
duties and other barriers. It includes measures to promote research and development through support and 
funding, in addition to establishing centers of excellence (CoEs) and global collaborations. The Mission also 
incorporates the provision of developing expertise and skilled workers in the critical minerals sector (Ministry 
of Mines, 2025).

Since the launch of the Mission, the government has undertaken measures to promote circularity integration 
in the critical mineral value chain. These include the removal of customs duties on scraps of certain critical 
minerals as a part of the Union Budget 2024-25 and 2025-26, the establishment of CoEs, and the launch of the 
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aforementioned recycling incentive scheme on critical minerals in September 2025. The Mines and Minerals 
(Development and Regulation) Amendment Act of 2025 opens the avenue for mineral recovery from mine 
tailings, overburden waste, as well as extraction rights for secondary metals

2.2.1 	 Key highlights of the recycling scheme:

Table 2(a): Financial outlay of Critical Mineral Recycling Incentive Scheme

Component Details

Total Indicative Outlay ₹1,500 crore 

Segment-wise Outlay LIB: ₹700 Cr

E-Waste: ₹650 Cr

Other: ₹135 Cr

Beneficiary Groups Group A (≥ ₹200 Cr revenue) 

Group B (< ₹200 Cr)

Allocation Group A: ₹990 Cr

Group B: ₹495 Cr

Maximum Incentive Cap Group A: ₹50 Cr

Group B: ₹25 Cr 

Operational expenditure Cap (within total) Group A: ₹10 Cr

Group B: ₹5 Cr

Table 2(b): Eligibility & Threshold of Critical Mineral Recycling Incentive Scheme

Criteria Group A Group B

Capacity Threshold 10,000 TPA 5,000 TPA

Minimum Investment ₹100 Cr ₹25 Cr

Eligible Investments Plant & machinery, R&D, utilities, environmental systems

Non-Eligible Investments Land, buildings, consumables

Table 2(c): Incentive Mechanism for Critical Mineral Recycling Incentive Scheme

Component Details

Capex Incentive Linked to capital investment and production timeline

Opex Incentive Based on incremental sales over base year

Disbursement Structure 1.50% upfront (on production start) 2. 50% linked to capacity utilisation 

Production Requirement Must meet purity and yield 

Minimum Outputs At least 2–3 critical minerals depending on segment
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2.3	India’s List of Critical Minerals

India notified 241 minerals as critical minerals under Part D of the First Schedule of the Mines and Minerals 
(Development & Regulation) Act as amended in 2023. Acting upon this foundational designation, the 
government launched the National Critical Minerals Mission (NCMM) in January 2025. The NCMM defines 
critical minerals as “a set of naturally occurring elements and compounds that have diverse irreplaceable 
industrial applications but confront supply-related vulnerabilities either in the form of their limited geographic 
occurrences or sourcing challenges.” 

Table 2(d): Segment-wise minimum output requirement for Critical Mineral Recycling Incentive Scheme

Segment Eligible Processes Non-Eligible Processes
Minimum Critical Mineral 
Extraction Requirement

E-Waste 
Recycling (PCBs, 
electronic 
assemblies)

L3 chemical recovery: 
extractive metallurgy, 
hydrometallurgy, 
pyrometallurgy, advanced 
separation

Only dismantling, 
segregation, or 
mechanical shredding (L1, 
L2) without refining

Minimum 3 critical minerals

Spent LIB Scrap 
Recycling

R3: Black mass  metal 
salts/metals R4: End-to-end 
recycling to metal salts/
metals

Collection, sorting, 
dismantling, or black mass 
production (R2 only)

2 minerals (if only LFP 
chemistry) 3 minerals (for all 
other LIB chemistries)

Other Wastes 
(non E-Waste & 
non-LIB)

Metallurgical recovery of 
REEs, PGMs, strategic alloying 
elements using advanced 
processes

Simple dismantling 
without recovery/refining

1 mineral (for spent catalysts 
– pharma/petrochemical & 
REE magnets) 2 minerals (for 
other waste streams)

Table 3: India’s List of Critical Minerals as notified by the Ministry of Mines (Ministry of Mines)

Notified List of Critical Minerals

1.	 Beryl and beryllium ores
2.	 Cadmium
3.	 Cobalt 
4.	 Gallium 
5.	 Glauconite.
6.	 Graphite
7.	 Indium
8.	 Lithium
9.	 Molybdenum 
10.	 Nickel 
11.	 Niobium 
12.	 Phosphate (without uranium)
13.	 Platinum group of elements
14.	 Potash

15.	 Minerals of the “rare earths” group not 
containing Uranium and Thorium

16.	 Rhenium 
17.	 Selenium
18.	 Tantalum 
19.	 Tellurium 
20.	 Tin
21.	 Titanium-bearing minerals and ores (ilmenite, 

rutile and leucoxene)
22.	 Tungsten
23.	 Vanadium. 
24.	 Zirconium-bearing minerals and ores, including 

zircon
25.	 Coking Coal (added in 2026)

1	 The 2026 Amendment of the Mines and Minerals (Development & Regulation) Act has additionally included Coking Coal in the list of 
critical minerals, bringing their number to 25.
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Among the identified minerals, India is 100% import-dependent for silicon, nickel, lithium, cobalt, rare earth 
elements, molybdenum, tin, selenium, indium, gallium, tungsten, niobium, germanium and strontium. For 
other elements, such as phosphorus, zirconium and vanadium, India imports 85%, 78%, and 46% of its total 
demand, respectively (NITI Aayog, 2026b). Though India possesses significant resources for some of these 
minerals, their extractable reserves and domestic processing remain low.
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3.	 Why Resource Circularity is Strategic

The earlier section presented a snapshot of the ever-evolving geopolitics surrounding critical minerals. To 
meet the future demand, it is important that a circular outlook is incorporated in our policies. The imperative is 
to look at recovery from waste streams as a secondary source of our domestic needs, since metals embedded 
in waste provides us the opportunity to undertake second life and recycling. This positions circularity as an 
indispensable strategy for managing the growing demand for these essential resources while reducing the 
burden on the primary deposits, which also bear severe environmental consequences (IEA, 2024). 

The global reserves of minerals and their processing are limited and concentrated to certain chokepoints, with 
China dominating the midstream processing of critical minerals in India. The Democratic Republic of Congo has 
48% of the global cobalt reserves and produces 72% of global cobalt. Australia produces 55% of the world’s 
lithium, while China refines 63% of the world’s rare earth elements (Chadha & Sivamani, 2022) (Ragonnaud, 
2024). Such concentration creates supply risks, including vulnerability to disruptions, unaffordable price 
spikes, and restrictive trade policy like export taxes or quotas, such as the export restriction imposed by China 
on several rare earth metals and by the Democratic Republic of Congo on cobalt. Secondary recovery and 
resource efficiency are thus important sources to reduce dependence on primary materials, especially with 
the prospect and quantum of recycling feedstock which could be recovered with present technology reaching 
their end of life.

Apart from de-risking the value chain, circularity helps mitigate other socio-ecological dimensions of primary 
extraction. Primary extraction of minerals is a carbon intensive process, and it has been reported that recycled 
minerals incur about 80% less greenhouse gas emissions compared to primary extraction through mining, 
thus having the possibility of a 35% reduction in cumulative emissions. Recycling also helps mitigate water 
and energy usage. Illustrative examples include the case of recycled copper, which requires only 15% of the 
energy consumed compared to primary extraction. Recycled Class I nickel uses 97% less water than primary 
sources while recycled lithium uses 75% less water compared to virgin lithium. Efficient resource recovery 
and utilisation through circular practices not only reduces the environmental burden but also reduces the 
concentration of waste in pits, as well as prevents the flow of hazardous substances contaminating soil and 
water. (IEA, 2024)

Circularity and a shift to incorporating secondary sourcing and recovery will also have social implications. 
While primary extraction is a major employer in mineral rich districts, it has also been a bane to the local 
ecology and populace. It not only causes land use changes in the deposit-rich regions affecting livelihood 
patterns and local fauna but also has significant negative implications on the health of the local diaspora due 
to the resulting air, water and noise pollution. Recycling and other secondary recovery practices have their 
own societal challenges but they provide an opportunity for a healthier, safer and better regulated industry. 
Secondary sourcing of minerals through recycling provides opportunities for sustainable livelihood transition. 
It not only improves the quality of work, but also encourages skill development and innovation. This would also 
help generate local employment in cities, towns and villages, rather than jobs being concentrated in industrial 
hubs. India generates a huge quantity of waste everyday, and in order to maximise our recovery there is a 
need for an efficient workforce to recover, recollect, dismantle and segregate the waste. The utilisation of 
legacy waste offers immense potential to redirect land use as well as reduce import demands. 
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A circular economy also yields multiple economic benefits. Primary extraction is a capital-intensive process with 
a longer gestation period compared to that of circular practices, which have a smaller gestation period and 
a more operating expenditure driven market. This allows for quicker adaptation and adjustment of recycling 
practices, which also has a significant advantage of more external effects from developing technology, 
creating a competitive and innovation-driven market. Secondary sourcing also stands as a crucial buffer for 
building supply chain resilience against geopolitical volatility. The recovered material can act as an import 
substitute for virgin material, reducing exposure to commodity price volatility ensuring predictive feedstock 
of minerals. 

Secondary sourcing helps retain domestic value while creating opportunities for value addition. Additionally, 
it is less energy-intensive compared to primary processing, lowering operational expenditure, making it 
cost competitive. Secondary sourcing serves as a local economic multiplier due to potential for generating 
employment at various levels in the secondary recovery process such as collection, segregation, and 
dismantling. All the above reasons combined makes circularity a strategic option for the critical minerals. 
Though secondary recovery of minerals cannot replace reliance from primary deposits, it serves as a viable 
alternative providing substantial urban mining resources both as a greener alternative and in times of crises 
affecting supply chains.

3.1	India’s E-Waste Landscape

3.1.1	 Material Composition of E-Waste & Recovery Potential of Key Minerals

Electronic devices contain a wide variety of metals, ranging over 60 elements, though their concentration 
varies across different devices. Roughly one-third of the composition of electronic devices consists of metals, 
with metals such as iron, copper, and aluminium constituting the largest share. While precious metals and 
critical minerals are found in smaller concentrations, their economic value yields substantial economic 
opportunity. Of all electronic components however, batteries are some of the most resource-dense and 
strategically valuable within E-Waste.

3.1.2	 India’s E-Waste Generation, Flow & Future Trends

It has been projected that Indian E-Waste generation will increase to 14 MMT by 2030, with an annual growth 
rate of 16.9%. Over the past years, E-Waste generation has increased from about 2.76MMT in 2020 to about 
6.19MMT in 2026 (estimated total, assuming volumes outside recorded formal collection). This generational 
increment is the result of digitalisation and technology adoption. At present, household electronics contribute 
to the majority. E-Waste is generated primarily by households, while manufacturing units and bulk consumers 
contribute less than 40% of the total generation. Figure 1 illustrates the composition of E-Waste generated 
in India.

The rapid adoption of lithium-ion batteries (LIBs) for EVs and Energy Storage Systems (ESS) provides a secure 
and reliable feedstock for future recycling facilities. To meet India’s projected LIB capacity of 248 GWh by 
2035, India would require ~992 kT of lithium, while the cumulative demand till 2070 is projected to be at 5.4 
MMT for India.

Since 2020, India’s formal recycling capabilities have been expanding; however, the informal sector processes 
the majority of E-Waste, accounting for approximately 78% of the total generated E-Waste. India has thus far 
been able to utilize and recycle only 10% of its total E-Waste volume, which is significantly lower to the global 
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average of 22%. While the present formal potential of the Indian recycling sector remains underutilized, the 
informal sector has achieved high collection efficiencies as well as ensured employment to over 500,000 
workers. The present formal sector also displays an unequal distribution, where a small group of high-capacity 
recyclers contribute to about 48% of capacity, whereas 75% of the total recyclers make up 15% of the capacity.

3.2	Technology Options for Extraction

A series of complementary processes, tailored for different metal extractions, are involved in E-Waste and LIB 
recycling. The pre-treatment of E-Waste involves physical and mechanical separation based on size, density, 
magnetism and electrical conductivity. These follow adequate techniques, such as shredding and magnetic 
separation for the recovery of bulk metals, followed by metallurgical processing for complex chemicals. 
Formal recyclers employ different methodologies to match the specific types of material compositions and 
their processing needs.  An observation to be made here is that while the informal sector has processes which 
may be able to go till extraction in the case of E-Waste (extracting precious metals and bulk metals such as 
iron and copper), in the case of LIBs, material extraction requires advanced technology and is usually the 
domain of the formal recycler. The informal sector lacks the technological capability for advanced processing 
and processes exclusively till the black mass stage.2 Some major processing methods are hydrometallurgy, 
pyrometallurgy, and bioleaching. Additionally, research is being conducted to advance extraction through 
innovative measures such as phytomining.

Pyrometallurgy employs high-temperature interventions to extract metals from the feedstock through 
roasting and smelting and has been proven suitable for base and precious metal recovery. Flash smelting is 
a pyrometallurgical methodology that has been specifically developed for effective and efficient copper and 
nickel extraction.

FIGURE 1: Share of Different Types of EEE in E-Waste (Source: NITI Aayog 2026a)
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In contrast, hydrometallurgy has emerged as the most versatile and selective methodology for critical mineral 
extraction from E-Waste. This process utilises aqueous chemistry such as leaching, solvent extraction, ion 
exchange, and precipitation to selectively dissolve metals and recover them. It has been proven particularly 
effective for the extraction of rare earth elements. Emerging practices from the field include the use of green 
solvents as well as the emergence of solvometallurgy, a fusion of hydrometallurgy with solvent extraction.

Emerging methodologies such as bio-metallurgy and electrochemical processes offer promising alternatives, 
particularly from a sustainability perspective. Bioleaching employs microorganisms to extract metals like 
copper, gold, and REEs from low-grade or complex waste, making it suitable for environmentally sensitive 
applications and urban mining contexts. Similarly, electrochemical techniques such as electrowinning are 
highly effective for recovering metals like copper, gold, and silver from leach solutions with high purity. 
Phytomining, though similar to bioleaching, takes advantage of the natural abilities of certain species of 
plants to absorb and concentrate metals from the soils.

One of the successful examples of industry leaders in the formal Indian E-Waste recycling ecosystem is Attero 
Recycling Pvt. Ltd. In Attero’s case, the operating model has also expanded beyond processing to build an 
integrated circularity stack - including Selsmart for last-mile collection and MetalMandi for transparent, digital 
scrap market linkages, helping formal channels compete on convenience, pricing signals and traceability.

3.3	Projections for E-Waste Generation and Processing 

3.3.1	 Data

The analysis on E-Waste below is based on secondary data compiled from multiple sources, including 
government websites, literature, and various research reports. The mentioned approach has been adopted 
considering the lack of availability of accurate and updated data reporting. Approximations of concentrations 
for critical minerals have been considered as exact mineral concentrations for products will have variations 
across OEMs and is the proprietary data of those manufacturers. 

3.3.2	 Scope

As described above, the paucity of reliable data and reference material in secondary literature meant that 
the authors had to consider a truncated categorization of items for the projection exercise. E-Waste data was 
based on the categorization as codified in the E-Waste (Management) Rules, 2016, as opposed to the more 
extensive categorization in the E-Waste (Management) Rules, 2022. This means that this particular analysis 
excludes critical minerals currently embedded in clean energy applications such as end-of-life photovoltaics, 
and other similar applications in its projections. This consideration is made for this section only to simplify 
calculations based on the data that was available, the sections prior as well as later on do consider the entire 
ambit of the critical minerals circular value chain.

2	 Black mass is a dark, fine, granular powder produced during the mechanical pre-treatment (shredding and physical separation) of 
spent LIBs. It represents the concentrated active materials from the battery cathode and anode - graphite, lithium, cobalt, nickel, 
and manganese and is considered the key feedstock for recycling high-value metals. In the informal sector, black mass is often 
generated through rudimentary methods and represents a “half-processed” intermediate stage before it is sold for formal or higher-
level hydrometallurgical refining. (Aquametals 2026, Benchmark 2023)
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3.3.3	 Methodology

The data from the sources is modelled to estimate projections using the compound annual growth rate’s 
(CAGR) formula:

where:

Fv = final value

Bv = base value

n = Number of years 

The formal recycling share for E-Waste is projected to grow under two scenarios: the Business as Usual (BAU) 
scenario and the Accelerated Policy Support (APS) scenario.

The data was modelled based on the following assumptions:

1.	 100% of the end-of-life E-Waste that is formally collected is processed without any damage or leakage.

2.	 The share of metals in end-of-life E-Waste has been considered to be 33%.

3.	 The quantum of waste considered for extraction is based on the projected quantum of formal recycling 
under the BAU scenario and APS scenario. 

4.	 The technical extractability of the minerals has been considered at 60% of the total E-Waste metal 
composition; it is considered that 40% of recoverability is hampered due to complex alloy composition.

5.	 The share of different E-Waste categories in the total E-Waste generation has been assumed to be 
constant based on a cumulative average.

6.	 The target value for formal recycling capacity under the APS Scenario was ~100% by 2040. This includes 
the assumption that the informal sector is absorbed into the formal ecosystem.

7.	 The recycling efficiency of each mineral has been considered to be 100% for all minerals, hence differing 
technologies of extraction have not been modelled. This is to simplify calculations and demonstrate the 
full potential of minerals extracted from E-Waste as a secondary resource.

8.	 The recoverable quantity is modelled for specific critical minerals chosen based on data availability and 
composition share in EEE.

3.3.4	 Analysis

The total E-Waste generation of India is projected to grow at the rate of 16.9% per annum, resulting in the 
generation of ~54 MMT in 2040. This generation of E-Waste is the result of rapid technology adoption and 
expansion of electronic access to the wider Indian population, reflected in Figure 2.
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As illustrated in Figure 3, the share of the formal recycling sector shall be 60% of the total waste generated, 
amounting to 34.2 MMT in the business-as-usual scenario, with a growth rate of 8.35%. However, if the 
sector is aggressively supported through policy support and integration of informal recyclers into the 
formal ecosystem, ensuring the growth of the sector at near 11.83%, formal recycling capacity shall reach 
the ~100% by 2040, increasing from 0.22 MMT in 2020 to ~54MMT in 2040 under the APS Scenario, which 
would be more than enough to tackle the volume of E-Waste being generated. The kinks in the two growth 
trajectories represent differing rates of growth across different time periods, changing after every five years. 
The assumption is of an increasing growth rate, taking into account technological advancement, favorable 
government regulations towards E-Waste recyclers, amenable market conditions and response to increased 
recycling feedstock.

FIGURE 2: E-Waste Generation Projections till 2040 (Source: In-house calculations based on secondary data)

FIGURE 3: Projection of Growth of the Formal E-Waste Recycling Sector (Source: In-house calculations based 
on secondary data)
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FIGURE 4: Projections for recoverable quantities based on BAU and APS formal recycling growth scenarios 
for the following critical minerals – (a) Rare Earth Elements; (b) Graphite; (c) Nickel; (d) Cobalt; (e) Lithium  
(Source: In-house calculations based on secondary data)

However, the current analysis excludes the broader definition of E-Waste as announced by the government in 
2022 (due to paucity of data) and does not account for legacy waste and the waste that would be generated 
by giving up those E-Waste currently in hibernation (the dead storage period when an electronic device is 
still retained by the user at its end-of-life), which may increase the quantum of E-Waste generation for the 
projection period. While the analysis considered the generated waste, it did not consider legacy waste or the 
opportunity to import recycling feedstock. 

Figure 4 (a), (b), (c), (d) and (e) project the cumulative quantity of minerals recoverable from the generated 
E-Waste under the presumed assumption by the formal recycling sector. Graphite, lithium, and cobalt have 
the largest shares of material recovery, with 1.9 kT, 0.5 kT, and 0.4 kT, respectively, in 2025. It is projected that 
this will increase to 113 kT, 28 kT, and 24 kT, respectively, during the period 2035-40 in the APS scenario. Nickel 
and rare earth elements, show a smaller recoverable amount, still increasing substantially from 0.11 kT and 
0.01 kT in 2025 to 6 kT and 0.6 kT respectively, during the period 2035-40 in the APS. The extractable quantity 
of graphite, lithium, cobalt, nickel, and rare earths in the BAU Scenario in 2035-40 will be 7.9 kT, 1.9 kT, 1.6 kT, 
4.4 kT, and 0.4 kT, respectively.
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This provides an insight into the significant potential held by E-Waste to become a bankable secondary 
resource for critical minerals in the country. With the right steps in research, innovation and policy, India 
can be poised as a global leader in the circular E-Waste space. The barriers across different aspects and the 
proposed interventions to address them are discussed in the subsequent sections. 

3.4	Projections for LIB Generation and Processing

3.4.1	 Data

The analysis below is based on secondary data compiled from multiple sources, primarily from government 
reports and academic literature. The mentioned approach has been adopted considering the lack of availability 
of up-to-date data. Approximations of concentrations for critical minerals have been considered based on 
dominant LIB chemistries and applications. 

3.4.2	 Scope

As mentioned above, the LIB projections are a case study considered separately due to their significant bulk 
contribution as WEEE. The quantum of LIBs considered for mineral extraction is based on the projected 
quantum of LIB volumes for recycling. The main applications contributing to EoL LIBs is taken to be EVs and 
ESS in recognition of their significant volume as opposed to LIBs embedded in consumer electronics. Further, 
detailed data on volume of LIBs contained in consumer electronics applications, with their large variation in 
sizes and types, is currently lacking. Due to these reasons, they have been omitted for the purposes of the 
following exercise. 

3.4.3 Methodology

The data from the sources is modelled to estimate projections using the compound annual growth rate 
(CAGR), whose formula is mentioned in Section 3.3.3.

The data was modelled based on the following assumptions:

1.	 100% of the end-of-life LIBs that are formally collected are processed without any damage or leakage.

2.	 The technical extractability of the minerals has been considered 80% of the total LIB metal composition; 
it is considered that 20% of recoverability is hampered due to complex alloy composition.

3.	 It has been considered, as per stakeholder consultations, that informal recyclers have no means 
to process LIB beyond black mass and export it for further processing. Only formal recycling, which 
processes LIBs till mineral extraction has been considered. Given this assumption, only a single scenario 
has been considered.

4.	 The average mineral intensity of the dominant chemistries of LIBs has been considered for projections. 
Different chemistries have not been modelled to simplify calculations.

5.	 The recycling efficiency of each mineral has been considered to be 100% for all minerals hence differing 
technologies of extraction have not been modelled. This is to simplify calculations and demonstrate the 
full potential of minerals extracted from LIBs as a secondary resource.

3.4.4 Analysis

LIBs are a major source for secondary mineral recovery, considering the formal sector’s dominance in its 
recovery. The initial quantity of LIBs from ESS is projected to increase post 2035, due to the latency and 
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scale in adoption of the ESS technologies compared to the EVs. It is to be noted that EVs shall contribute the 
majority share to the LIB recycling industry in the foreseeable future (Figure 5).

FIGURE 5: Projected Volume of LIB Recycling Feedstock till 2040 from Major Sources (Source: In-house 
calculations based on secondary data)

The present data is modeled based on the assumptions made in section 3.4.3. The quantity of minerals 
extractable from the LIBs are projected in the Figure 6 (a) and (b) below. The quantity of cobalt, lithium, nickel, 
and graphite is projected to increase from 2 kT, 2 kT, 8 kT, and 16 kT in the 2026-30 period to 42 kT, 56 kT, 99 
kT, and 205 kT by the 2036-40 period.
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The above projections give credence to the statement that even at the end of their life, LIBs remain a dense 
secondary resource for battery and electronic minerals. Given the pioneering and globally cost-competitive 
work of formal LIB recyclers in the country, with the right incentives and policies, the above projections will 
be met or even exceeded. The roadblocks and way forward are discussed in subsequent sections. 
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4. The EPR Framework

4.1 The E-Waste Policies

The Ministry of Environment, Forests, and Climate Change (MoEFCC), along with other ministries, governs the 
recycling and management of E-Waste (including LIBs) in India through its respective regulatory frameworks. 
The current policy landscape regarding this sector is summarised below. 

4.1.1.	 E-Waste Management Rules (EWMR)

The MoEFCC established an E-Waste management framework through the E-Waste (Management) Rules, 
2022, which superseded the E-Waste (Management) Rules, 2016. The Rules were subsequently amended in 
the following years to address gaps. 

Table 4: Key highlights of EWMR, 2022, and its amendments (NITI Aayog 2026a)

Title Gazette 
Notification

Policy Description

E-Waste 
(Management) 
Rules, 2022

G.S.R. 801(E)

(02.11.2022)

Established an E-Waste management framework with 
provisions of producer responsibility, collection & recycling 
targets, mandatory stakeholder registration & authorization, 
environmental safeguards for processing activities, and 
strengthened monitoring & compliance systems

Apply to manufacturers, refurbishers, dismantlers, recyclers, 
and importers of EEE & its components.

Standardized reporting of material flow & processing 
outcomes, environmental clearances for facilities, and penalty 
enforcement by the CPCB & SPCBs.

E-Waste 
(Management) 
Amendment Rules, 
2023

G.S.R. 61(E)

(30.01.2023)

Strengthened producer accountability by tightening reporting 
requirements.

Expanded exemptions from hazardous substance restrictions 
for specified solar and medical equipment.

Enhanced disclosure of hazardous substances in EEE.

E-Waste 
(Management) 
Second 
Amendment Rules, 
2023

G.S.R.534(E)

(24.07.2023)

Assigned responsibility for refrigerant destruction to 
manufacturers and recyclers.

Introduced conversion factors for EPR certificates to 
standardize compliance estimates.

Updated exemptions under Schedule II.

E-Waste 
(Management) 
Amendment Rules, 
2024

G.S.R. 164(E)

(08.03.2024)

Clarified definitions of dismantlers and extended reporting 
timelines in specified circumstances.

Empowered the Central Government to establish EPR 
certificate trading platforms under CPCB to strengthen market-
based compliance & traceability mechanisms.
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4.1.2.	 Battery Waste Management Rules (BWMR)

In this paper, the broad ambit of E-Waste is an umbrella term which also includes LIBs, as indicated in the 
previous section. LIBs form a significant portion of the E-Waste, so much so that the government has seen 
fit to treat batteries as their own distinct waste category with the Battery Waste Management Rules, 2022, 
issued by the MoEFCC. These Rules lay down provisions for the sustainable management of all types of waste 
batteries, including LIBs. They mandate the collection, recycling, and refurbishment of waste batteries, 
prohibiting disposal through landfill and incineration. The Rules also specify collection targets for producers, 
recovery efficiency for recyclers, and minimum use of recycled materials in new batteries. 

Table 5: Key highlights of BWMR, 2022, and its amendments (NITI Aayog, 2026a)

Title Gazette 
Notification

Policy Description

Battery Waste 
Management 
Rules, 2022

S.O. 3984(E) 

(22.08.2022)

Established a framework for sustainable management of all 
waste batteries (portable, automotive, industrial, EV).

Introduced EPR obligations for producers.

Laid down provisions for registration, collection, recycling, 
reuse, and reporting.

Battery Waste 
Management 
(Amendment) 
Rules, 2023

G.S.R. 4669(E)

(25.10.2023)

Strengthened the institutional and compliance framework.

Updated definitions and clarified producer obligations.

Enhanced CPCB’s role in EPR oversight.

Revised timelines for registration and reporting.

Permitted EPR trading platforms with price bands.

Battery Waste 
Management 
(Amendment) 
Rules, 2024

G.S.R. 190(E)

(14.03.2024)

Refined the EPR framework with maximum/minimum price 
bands linked to environmental compensation.

Amended Rule 13 on compliance and environmental 
compensation.

Allowed carry forward (up to 60%) of excess EPR obligations 
across compliance cycles.

Battery Waste 
Management 
(Amendment) 
Rules, 2025

S.O. 958(E)

(24.02.2025)

Advanced labelling and compliance framework with digital 
labels (QR/barcodes) showing EPR registration.

Exempted packaging under Legal Metrology Rules from specific 
requirements.

Mandated CPCB to publish a quarterly list of compliant 
producers on the online portal.
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4.1.3.	 EPR for E-Waste

The EWMR, 2022, established a comprehensive Extended Producer Responsibility (EPR) framework requiring 
producers to assume financial and operational responsibility for the collection, processing, and sustainable 
disposal of their EOL (End-Of-Life) products. EPR obligations differ for importers and refurbishers. Importers 
must assume 100% EPR responsibility for EOL imported equipment that is not re-exported. However, 
refurbishers must generate EPR certificates for the materials they process.

Table 6: Summary of EPR obligations for EEE OEMs. (NITI Aayog, 2026a)

S. No. Year E-Waste Recycling Target (by weight)

1 2025–2026 70% of the quantity of an EEE placed in the market in year Y-X, where ‘X’ is the 
average life of that product2 2026–2027

3 2027–2028

80% of the quantity of an EEE placed in the market in year Y-X4 2028–2029 
onwards

Note: The E-Waste recycling target may be reviewed and increased after the end of the 2028-2029 fiscal 
year.

EPR target for producers (started sales operations recently, i.e., the number of years of sales operations is 
less than the average life of their products mentioned in the CPCB guidelines

S. No. Year (Y) E-Waste Recycling Target (by weight)

1 2025-2026 
onwards

20% of the sales figure of the financial year two years back

Note: Once the number of years of sales operation equals the average life of their product mentioned in 
the guidelines issued by CPCB, their EPR obligation shall be as per the targets mentioned above.

4.1.4. EPR for LIB

Under the regulatory framework, producers are required to meet defined recovery targets for different 
battery categories. These provisions ensure the systematic collection, recycling, and sustainable management 
of EOL-LIBs, thereby preventing the leakage of hazardous constituents and securing producer accountability 
across all sectors. 

Table 7: Recovery targets for recyclers (NITI Aayog, 2026a)

Battery Type 2024-25 (%) 2025-26 (%) 2026-27 & onwards (%)

Portable and EV batteries

Portable 70 80 90

EV 70 80 90

Automotive and industrial batteries

Automotive 55 60 60

Industrial 55 60 60



21

Critical Mineral Security: The Circular Pathway

The minimum requirements for recycled content in new batteries as per the Rules is listed below. This 
provision enhances circularity by ensuring a stable demand for secondary raw materials, reducing reliance on 
virgin resources, and promoting long-term sustainability in battery value chains.

Table 8: Mandate for minimum use of recycled content (NITI Aayog, 2026a)

Battery Type 2027-28 (%) 2028-29 (%) 2029-30 (%) 2030-31 & onwards (%)

Portable and EV batteries

Portable 5 10 15 20

EV 5 10 15 20

Automotive and industrial batteries

Automotive 35 35 40 40

Industrial 35 35 40 40

The issues pertaining to circularity in E-Waste and how the shortcomings of the current EPR factors into them 
is discussed below. 
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5. Barriers to E-Waste Circularity

5.1	Dominance of the informal sector

The informal sector and its overarching presence in the E-Waste management space presents the most 
significant obstacle to a robust circular ecosystem. The sector processes around 78% of India’s total E-Waste. 
However, recovery rates for metals by the informal sector are quite inefficient, low and of sub-par quality; 
and that too a few select minerals for which extraction through primitive techniques is deemed profitable. 
Of the recoverable portion of E-Waste, the majority flows through the informal sector, but due to inefficient 
processing, a wealth of critical minerals is rendered unrecoverable. However, the solution cannot be to 
simply do away with this sector. For one, it is deeply entrenched, with estimates showing that even with an 
aggressive enforcement and formalisation push (around 12% annual growth rate of the formal sector) would  
achieve 60% formalisation by 2035. The current situation is far from this ideal situation. Secondly, the informal 
sector has a significant economic impact through its contributions to livelihoods, employing close to half a 
million people as per estimates. Thus, any attempt to deal with this sector must work first through the lens of 
integration before enforcement. 

While there are steps being taken to promote outreach to informal dismantlers, providing them with technology 
and a means to register with the EPR system, the collectors, segregators and small-scale dismantlers remain 
a pertinent gray area for identification and onboarding into the system. Most informal sector workers do 
not work in isolation but tend to be part of one of multiple urban dismantling and scavenging hubs, largely 
located in and around metropolitan areas. They are not sector-specific specialists, and a lot of the time are 
involved in the handling of waste as a whole rather than specific to E-Waste. Yet, these workers are crucial to 
the ecosystem. Due to their labour-intensive, low-capital nature of operations, informal recyclers are often 
able to save on processing costs while offering decent prices in exchange for electronic scrap. However, there 

FIGURE 7: Informal Sector Setup - Dismantling of power supply units (Source: Toxics Link 2019)
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is an adverse effect of the informal sector’s approach on both the environment and human health. Informal 
processing methods create severe environmental degradation that persists for decades, contaminating 
soil and water for future generations in and around processing sites. The informal E-Waste sector operates 
under conditions that pose severe threats to worker health, and community safety. Comprehensive health 
assessments of informal E-waste workers reveal alarming exposure levels and health consequences.

5.2	Data Deficits and Traceability

The lack of data prevents an accurate understanding of the E-Waste landscape in the country and hinders 
effective and targeted policy initiatives towards a circular economy. There is no accurate estimate of E-Waste 
recycling capacity in the country, and its categorisation by plant capacity and extraction capabilities. The 
narrow configuration of the E-Waste EPR into four metals means that the only way extraction can be measured 
is in terms of the four metals - copper, aluminium, iron and gold whereas recyclers are currently equipped to 
extract more materials as is evidenced in the Battery EPR. The lack of a national-level exercise to inventorise 
the E-Waste reaching EOL means that there is no updated information regarding the total E-Waste, and by 
extension, the total mineral resource available for extraction.

Steps are being taken by the government such as the Battery Aadhaar for EVs launched by the Department 
of Science and Technology. However, the problem of traceability for LIBs used in smaller applications such 
as phones, toys, appliances and smaller electronics persists, and the Battery Aadhaar itself is bound to face 
implementation issues. The sectoral landscape becomes blurred without accurate data, leading to major 
hurdles when it comes to implementation of policy and enforcement of regulations. There have been cases of 
fake recyclers who are registered in the system, producing spurious EPR certificates.

5.3	Technology and Infrastructure Gaps

One of the considerations when the E-Waste EPR was drafted was concerning the limited technological 
capabilities of recyclers at large at the time. Hence, the scope of the E-Waste EPR was limited to four metals. 
While there have been recyclers who have developed extraction capabilities far beyond the mandated 
elements, there is yet to be such traction in recyclers with lack of access to the required capital. One of the 
widespread concerns is the current level of technology is able to break down the E-Waste to black mass, which 
is further exported to other countries due to lack of adequate processing capacity, representing a massive 
leakage of critical mineral resource out of the country. In LIBs, the problem remains that informal recyclers 
simply do not have the means to process EOL batteries beyond black mass, upon making which they export 
this overseas, resulting in a huge outflow of valuable mineral-rich resource from the country.

Preventing value leakage requires domestic, end‑to‑end refining capacity, so that intermediates such as black 
mass are processed within India into manufacturing‑grade outputs. Scaling advanced hydrometallurgical 
recovery (as deployed by formal recyclers such as Attero) and expanding common facility infrastructure can 
keep critical mineral value chains onshore.

The government has some notable initiatives to accelerate uptake of advanced recycling technology, such 
as C-MET’s technology transfer program - transferring financially-viable indigenous recycling technology for 
recycling various components of E-Waste, including LIB recycling. However, it has been able to successfully 
transfer this technology to just 27 recyclers in the past two years. In the face of the vast and evolving E-waste 
recycling landscape, inadequate technology transfer and limited access to proven recycling innovations hinder 
capacity building and operational efficiency among small E-waste recyclers and dismantlers. 
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5.4	Financial and Market Constraints

The EPR currently lists certificates based on the materials extracted - iron, copper, aluminium and gold. This 
was designed keeping the lowest common denominator in the recycling space in mind. However, since its 
inception, the landscape of E-Waste recycling has changed significantly. The research space is quite dynamic, 
with innovations coming from independent recyclers as well as academic research institutes. However, the 
current EPR system is skewed against those recyclers who are going above and beyond to extract metals 
beyond the mandate. A further barrier in case of LIBs is the battery chemistry landscape, which is quite 
dynamic. The previously dominant NMC (Nickel-Manganese-Cobalt) batteries were economic to recycle, but 
with the emerging chemistry of the future LFP (Lithium Ferro-Phosphate), recycling is uneconomical due to 
the battery composition lacking valuable minerals. With no guaranteed compensation from the government, 
and the industry not ready to accept the recycled product as raw material for the production process, recyclers 
are faced with dire financial constraints, often forced to export extracted minerals due to lack of market 
acceptance. The informal sector also presents a financial challenge – due to low feedstock, LIB recyclers often 
buy black mass from the informal sector at high rates; similarly, due to low operational cost, informal recyclers 
can offer more value while collecting E-Waste. To be competitive, formal recyclers would face a cost higher 
than the return they would get on recycling the item, which puts significant financial strain on their operations. 

Meanwhile, the pricing system of the EPR itself has caused controversy among the stakeholders, with a 
currently ongoing court case by various leading OEMs regarding the pricing structure and targets of the 
EPR. They contend that the pricing structure of the EPR, given a minimum price floor for EPR certificates, is 
anti-competitive and that there is a high cost associated with recycling operations. Recyclers, on the other 
hand, claim that due to the price ceiling as enforced by the EPR, their operations are unprofitable as OEMs 
undertake agreements with recyclers which see them getting bulk EPR certificates at much lesser rates. While 
governments across states are providing benefits for recycling E-Waste, due to the uncertainty in securing 
competitive prices and sourcing of feedstock (due to the informal sector), there is a tendency for E-Waste 
recycling to be viewed as financially unviable, affecting the scale and prospects of the sector. 

FIGURE 8: Primitive Methods - Dismantling of MCBs manually (Source: Toxics Link 2019)
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6.	 Suggested Interventions

6.1	Government & Regulators

The policies and initiatives of the Government point in the right direction. It is primarily the implementation 
and enforcement aspects, which, if properly addressed, would go a long way in securing a circular ecosystem 
for E-Waste (including LIB) in the country. The ambit of action for the government is wide, covering multiple 
sectors such as technology transfer, regulatory measures, setting standards and amending the EPR coverage 
of materials. Targeted recommendations for government action would come under the following categories:

1.	 Enhancing the existing rules:

a.	 Expand scope and coverage of EPR to prioritise a wider range of materials, especially critical and 
high-value metals beyond currently tracked categories.

b.	 Specifically for the Battery EPR, develop a chemistry-specific EPR pricing framework for LFP and 
other low-value chemistry LIBs, recognising that some chemistries have lower returns on recycling 
than others.

c.	 Strengthen traceability and transparency through digital systems (e.g., integration with GSTN, 
standardized reporting, and certification mechanisms).

d.	 Embed traceability at the point of collection and transaction through digitised pickup records, lot-
level categorisation, and marketplace-linked documentation.

e.	 Improve EPR market functioning by addressing issues like fraudulent certificates, non-operational 
recyclers, and pricing distortions. Platforms such as Attero’s Selsmart (collection) and MetalMandi 
(trade enablement) illustrate how digital rails can improve visibility of material flows and reduce 
the scope for spurious certificates. It can also be integrated with CPCB’s EPR portals and third‑party 
audit mechanisms.

f.	 Introduce market-based price discovery for EPR certificates as opposed to floor-and-ceiling 
mechanisms to assure OEMs and recyclers regarding fair compensation for compliance and 
recycling.

g.	 Introduce incentives for recycled material uptake, including linking EPR with industrial policies and 
mandating recycled content in manufacturing.

2.	 Enforcement of regulations:  

a.	 Tighten compliance monitoring through periodic third-party audits, stricter verification systems, 
and stronger regulatory oversight by CPCB/SPCBs.

b.	 Enhance accountability across the value chain, including producers, recyclers, and intermediaries.

c.	 Standardize guidelines and protocols for collection, storage, transport, and recycling—especially 
for LIBs.

d.	 Reduce regulatory loopholes that enable informal or non-compliant actors to distort markets.

3.	 Technology transfer: 

a.	 Promote access to advanced recycling technologies (e.g., hydrometallurgy, material recovery 
systems), especially given the growing nature of the LIB industry, to improve efficiency and 
recovery rates.
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b.	 Establish Common Facility Centres (CFCs) to enable shared access to safe and efficient recycling 
infrastructure, especially for small and informal players.

c.	 Create certification pathways for informal workers to transition into the formal recycling ecosystem.

d.	 Formalise and integrate the informal sector through training, simplified registration, and inclusion 
in formal systems to improve collection efficiency and livelihoods.

4.	 Consumer awareness: 

a.	 Strengthen consumer awareness campaigns on safe disposal and formal recycling channels.

b.	 Provide product-level information and labelling to guide consumers on recycling pathways.

c.	 Ensure consumers are aware of Right-to-Repair mandate and Designing for Circularity initiatives.

6.2	Research & Innovation Ecosystem

The research and innovation ecosystem space holds promise with regard to policy action. Multiple states 
(such as Punjab, Haryana and Gujarat) have announced or are in the process of making designated hubs and 
eco-parks for fostering intensive research and capacity building for E-Waste recycling. Support for research 
into circularity of critical minerals is a unique space where multiple stakeholders such as the government, 
industry and academia may contribute:

1.	 Government support: 

a.	 Increase investments in R&D for recycling processes, material recovery, and battery chemistry-
specific treatment methods.

b.	 Introduce programs which shift the focus from end-of-life to a holistic circular approach and 
encourage R&D across Designing for Circularity aspects as well.

c.	 Support innovation in critical mineral recovery to improve yields and economic viability; develop 
cooperative agreements with developed countries and other international organizations provide 
access to the latest technologies relevant to recycling and material recovery.

d.	 Introduce standardisation for recycled materials for market acceptance as secondary raw materials 
to be used as input in the production process. 

e.	 Facilitate government-to-government agreements to establish clear classification frameworks and 
guidelines for the safe and secure transboundary movement of E-Waste, ensuring transparency 
and enabling market expansion. 

f.	 Improve access to finance for recyclers through targeted schemes, subsidies, and credit support 
mechanisms, or by including categories for small-scale recyclers (processing up to 1kT per annum) 
with lower minimum investment requirements in NCMM recycling incentive scheme for benefits to 
be accessible.

g.	 Leverage carbon markets and financial instruments to make recycling economically attractive.

h.	 Build technical and managerial capacity across the recycling ecosystem.

i.	 Develop dedicated training programmes and curricula for E-Waste and battery recycling.

2.	 Private-sector led initiatives: 

a.	 Initiate joint ventures among mining firms, manufacturers, and recycling companies so that 
such materials may come from both sources. Mining companies can team up with the recycling 
companies to provide secondary materials to industries within their locality.
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b.	 Catalyse industry partners to take the initiative in sharing resources, wastes, and byproducts to 
maximize material utilization within the industrial economy. 

c.	 Take part in a holistic approach towards product design and maintenance, including focusing on 
circularity in product design as well as Right-to-Repair intiatives.

d.	 Provide advanced training to employees about advanced recycling and recovery techniques and 
ensure an educated workforce realizes secondary resources in manufacturing activity.

e.	 Develop marketplaces where recycled critical minerals can be traded, these markets should ensure 
a stable demand for secondary minerals to create a reliable source of eco-friendly minerals for 
industries.

f.	 Promote secondary materials as exportable commodity to meet global sourcing needs for sustainable 
sources, this would enable tapping into the global demand for sustainable recycled resources.

6.3	Industry Support

Collection of E-Waste remains one of the biggest lacunae in the circular ecosystem. This is the stage where the 
most E-Waste is lost with minimum visibility of its whereabouts. Multiple stakeholders have tried addressing this 
in multiple ways. These include collection drives by municipalities, take-back schemes by retail stores, exchange 
and return policies by OEMs. One of the most effective ways to tackle this issue has been the direct from home 
collection services provided by apps such as Selsmart (a subsidiary of E-Waste recycler Attero), ScrapUncle, etc. 
The OEMs of the EEE sector would be the most well-placed to deal with this issue, alongside recyclers.

Beyond collection, market linkage matters. Digital marketplaces that bring buyers and sellers onto transparent 
rails can improve price discovery and increase the share of scrap routed to compliant facilities. MetalMandi 
(Attero’s scrap trading platform) can play a complementary role here by strengthening formal trade liquidity 
and documentation readiness.

1.	 Industry to cooperate with the government in an exercise to accurately inventorise the E-Waste that is 
generated and expected to come out of the country. This would, in turn, with the correct data, allow for 
the estimation of potentially extractable mineral resources trapped behind E-Waste. 

2.	 Following what currently works in inducing consumers to responsibly return or dispose of their E-Waste 
as mentioned above, OEMs should take the lead and tie up with collection services in order to ensure 
that their products reach recyclers through the proper channels. 

3.	 Similarly, for those collection services already up and running, local government and municipal bodies 
should provide infrastructural support for carrying out collection services such as collection centres to 
boost their operations.

4.	 EEE retailers should publicly advertise take-back programs, tying up with certified recyclers to ensure 
smooth flow of feedstock.

For enhanced accuracy in data collection and ensuring better extraction efficiency regarding E-Waste and 
taking stock of resources contained within it, there may be a mechanism set up in which OEMs may provide 
proprietary information regarding mineral composition to recyclers on a case-by-case basis. The recycler 
would submit a request for the mineral composition of a particular product, given it is recycling a significant 
number of units of that product.
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6.4	Consumers & Civil Society

The leading role of civil society is to ensure the proper channelisation of E-Waste into the formal recycling 
ecosystem. Consumers must come together to ensure that they cooperate with the regulations laid down 
by the government as well as the avenues for responsible collection of E-Waste as provided by OEMs and 
recyclers. 

1.	 Being apprised of and duly spreading awareness of the latest takeback schemes and local verified 
E-Waste collection services would enable a more seamless connection between end-users and the 
recycling facility, strengthening the circular ecosystem. It forms a pivotal role in the entire recycling 
value chain, and currently one of its key missing links. 
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7.	 Conclusion

In the course of the above discussion, the paper has laid down the imperative for why we must look to E-Waste 
as a valuable secondary resource for sourcing critical minerals. It demonstrates how a not-insignificant 
percentage of our critical mineral demand for a clean energy transition can be met by urban mining from 
E-Waste. The paper further highlights the current status of the E-Waste management ecosystem and the 
issues plaguing the sector, preventing the operationalisation of a functioning circular ecosystem, despite the 
presence of government mandates and EPR rules. However, the E-Waste landscape is a dynamic one. States 
are taking targeted measures to promote the expansion of E-Waste recycling ecosystems, as are recyclers and 
OEMs. OEMs are establishing recycling facilities or tying up with recyclers to manage feedstock as well as bring 
down compliance costs. Some recyclers, on the other hand, have expanded into collection services in order to 
manage the otherwise volatile E-Waste feedstock supply, largely under the control of the unorganised sector.

These evolving trends signal an important shift in the ecosystem - from fragmented, compliance-driven 
operations toward more integrated and market-responsive value chains. At the same time, they underscore 
the need to align incentives across the lifecycle of EEEs, from design and production to end-of-life recovery. 
Strengthening traceability, improving collection efficiency, and ensuring quality of recycled outputs will 
be critical to unlocking the full economic and environmental value embedded in E-Waste. In this context, 
leveraging digital tools for tracking material flows, enabling transparent EPR markets, and fostering 
partnerships between formal and informal actors can significantly enhance system-wide efficiency.

Furthermore, as global demand for critical minerals intensifies, the strategic importance of domestic secondary 
sourcing will only grow. E-Waste offers India an opportunity not only to reduce import dependence but also to 
position itself as a key player in sustainable material recovery and circular value chains. Realising this potential 
will require investments in advanced recycling technologies, targeted skilling initiatives, and a robust R&D 
ecosystem to improve recovery rates for critical minerals. Equally important is the creation of stable and 
predictable demand for recycled materials through policy signals such as recycled content mandates, green 
procurement, and industrial incentives.

In order to chart a path forward which closes the loop on E-Waste in making it a resilient and reliable source 
for critical minerals, the paper suggests certain targeted interventions. Due to the vast and multi-sectoral 
ambit of electrical and electronic equipment, no initiative would be able to work in isolation. It would require 
a sincere and coordinated effort cutting across stakeholders - government departments, both central and 
state; OEMs; recyclers; academia and research institutions; and civil society. Such a coordinated approach 
must be underpinned by clear institutional accountability, streamlined regulatory processes, and continuous 
stakeholder engagement. Bridging the gap between policy intent and on-ground implementation will be 
key to building trust and participation within the ecosystem, particularly among informal sector actors. Over 
time, a well-functioning circular E-Waste ecosystem can deliver multiple co-benefits - resource security, 
environmental protection, employment generation, and technological advancement. This would serve to 
reinforce India’s broader ambitions of sustainable growth and self-reliance in critical mineral supply chains as 
well as positioning India as a global leader in circular E-Waste management.
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