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Introduction  
Electric vehicle (EV) sales have skyrocketed, transforming the automotive landscape. Today, one in every 

ten cars sold is an EV. Automakers are rapidly electrifying their fleets, heralding a cleaner, more 

sustainable future. 

However, this growth presents challenges, especially with the batteries at the heart of every EV, 

accounting for 30-40% of their value. As we strive for net-zero emissions, securing a steady supply of 

essential minerals and metals for battery production becomes critical. Despite advancements, the 

average EV battery's first life use for mobility is only 8-10 years. By 2027, at least 5 million* batteries will 

need to be retired and replaced globally, rising to over 20 million in subsequent years. In India alone, 4-

wheeler EV sales have doubled from 2022 to over 80,000 and are expected to continue growing. 

Managing these end-of-life batteries is a formidable challenge that we will explore to understand the 

industry's future. 

According to a NITI Aayog report, India’s overall lithium storage requirement will be 600 GWh for the 

period of 2021-2030. Resultantly, the recycling volume coming from the deployment of these batteries. 

out of this, almost 58 GWh will be from electric vehicles segment alone, with a total volume of 349,000 

tonne from chemistries like lithium iron phosphate (LFP), lithium manganese oxide (LMO), lithium nickel 

manganese cobalt oxide (NMC), lithium nickel cobalt aluminium oxide (NCA), and lithium titanate oxide 

(LTO). 

“The rapid EV growth poses challenges with battery replacements, needing 5 million by 2027 globally, 

and India's lithium storage demand projected at 600 GWh, 58GWh for EVs, by 2030.” 

These batteries will need to retire, and the entire process will need to be managed. This paper looks 

through various perspectives of this story. Chapter 1 takes a deep-dive route on the need for managing 

the end-of-life batteries from an economic and sustainability standpoint. Chapter 2, 3, and 4 details the 

various routes to manage the retiring and end life batteries. Chapter 5 looks at the challenges and the 

risks associate with the Multi and end life management. We then would jump into how overcoming these 

challenges will help create an Advantage for India in Chapter 6, and how Indian Recyclers are working on 

creating this advantage in Chapter 7.  

EXHIBIT 1 THE VALUE CHAIN OF LI-ION BATTERIES 
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Chapter 1: The Need for Managing the life of batteries 
Effective management of end-of-life EV batteries is essential to address the gradual decline in their 

energy-holding capacity, much like a shrinking fuel tank developing holes, which leads to reduced range. 

Each end-of-life battery, weighing between 300-600 kg, has valuable minerals such as lithium, nickel, 

cobalt, manganese, and graphite. This results in millions of tonnes of battery scrap requiring annual 

management. Governments globally have recognized this and have implemented policies to extend 

producer responsibilities. 

Beyond just recycling, comprehensive battery life management strategies are critical. These include 

improving the lifecycle of batteries through reuse and repurposing in secondary applications before 

recycling becomes necessary. Given the environmental and economic challenges associated with 

sourcing these minerals, extending the useful life of batteries is crucial. Factors such as global supply 

chain constraints, advancements in technology, and evolving regulations further drive the need for 

efficient lifecycle management of EV batteries. 

Further, there are geopolitical risks which also need to be catered considering >50% of the manufacturing 

is currently finds its locus in China. While material for cathode may come from South America, Australia 

and Africa, the processing is still done in China. This calls for having an independent supply chain which 

will feed the Indian EV value chain with necessary raw material for meeting India’s energy storage needs. 

“Managing end-of-life EV batteries is essential due to their valuable minerals and 

declining capacity. Governments focus on extending battery life through reuse and 

repurposing. Given global supply chain challenges and reliance on China, India 

must develop an independent supply chain to support its EV industry”. 

EXHIBIT 2: FACTORS FOR MANAGING END OF LIFE 
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Chapter 2: The RRR: Reduce, Reuse, Recycle 
No, we're not referring to the Rajamouli classic, but rather to a crucial strategy for managing end-of-life 

batteries: Reduce, Reuse, and Recycle. While "Reduce" is critical in battery design, its role diminishes 

once the battery reaches the end of its life. At this stage, management focuses primarily on "Reuse" and 

"Recycle." 

EV batteries lose about 30-40% of their effectiveness within 8-10 years. Batteries with 80% or less 

charge-holding capacity are deemed unfit for EV use. However, this doesn’t signify the end of their utility. 

These batteries can be repurposed for stationary energy storage, renewable energy systems, and 

household applications. In some cases, individual battery modules can be refurbished to extend their 

usefulness for EV applications. This process requires a skilled workforce and the necessary technological 

infrastructure to assess and refurbish these batteries, ensuring they remain functional. 

This brings us to the choice between a multi-life and an end-of-life approach. Unlike electronic e-waste, 

where multi-life usage is rarely an option and recycling are the primary solution, EV batteries present a 

unique opportunity. Understanding and implementing a multi-life approach is crucial for EV batteries. 

Although EV batteries lose some of their charge-holding capacity, rendering them less suitable for 

vehicle use due to reduced range, they still hold significant potential for other applications. For example, 

an average Indian household requires 7-10 kWh of electricity daily, and refurbished EV batteries can 

easily meet this need, providing a reliable backup power source. This potential must be leveraged to 

ensure practical applications align with the reality of battery performance and it can be done through the 

Multi-life Approach. 

 

“Unlike other batteries, EV batteries can be repurposed for stationary applications. 

Even after losing 30-40% of their capacity over 8-10 years, batteries with less than 

80% efficiency can still meet the average Indian household's 7-10 kWh energy 

requirement.” 
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Chapter 3: EV Battery Multi-life Approach 
A multi-life approach is about finding a way to extend the usefulness of a battery in other applications. 

Batteries go through a preliminary check to identify potential issues. Accordingly, these batteries are 

subjected to repairs by trained and skilled staff. The business model revolves around repairing a battery 

with minimal costs to make it useful for a period of 2-4 years where it serves as a substitute for fresh 

stationery use Li-ion batteries. 

Implementing a multi-life business model, however, is not as simple as repurposing retired batteries. It 

involves developing an ecosystem that includes multiple stakeholders: government bodies, consumers, 

OEMs, and organizations supporting battery collection and repurposing.  

Battery Design will play a crucial role in helping the Multi-life Model. Currently batteries aren't 

necessarily designed keeping the multi-life model. Hence, a more sustainable future will be incorporate 

policies and infrastructure where batteries are built for multi-life applications. This will also affect the 

'repurposing' of the EV batteries, i.e., reduce the overall cost of making the battery fit for reuse. 

Beyond these other factors include economic feasibility, i.e., will all the stakeholders stand to make 

money in the re-use cycle. According to a report presented by Global Professional Services firm, multi-

life model is economically practical for all key players of the ecosystem including Customers who will 

buy the repurposed battery at a far lower cost for stationary applications then existing market offerings 

of equivalence. The economics also suit the player involved directly 'repurposing' the batteries as they 

benefit for the added value generated for repurposing. The success of the model will rely on regular 

incentivization of the key stakeholders. 

 

"Multi-life refurbished batteries need to compete with stationary application Li-ion 

batteries as a cheaper alternative. Where the first life stationary batteries cost 

~3000 Rs/kWh." 

 

Another important challenge which multi-life needs to address is the need for high skilled workforce 

which will be needed for running operations. This will mean not only do we need a pool of workforce who 

can do the job but also have an economic feasibility to pay these resources both competitively and while 

ensuring long term sustainability.  

There needs to be added significant work that is needed in the political/regulatory front were specific 

policies and producer responsibilities. These will need to be designed and implemented to ease an 

ecosystem for growth of the model. Beyond the multi-life there still is a need for End-of-life strategies 

which will rely on recycling of the batteries.
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Chapter 4: EV battery Recycling: The End-of-Life Model 
Recycling of EV battery is aimed at extracting valuable minerals which can be reused as raw material for 

battery manufacturing. This process involves disassembling battery components into basic materials and 

then using metallurgical techniques to separate the electrode materials into their elemental forms. 

Recycling EV batteries is both technological and labor-intensive, requiring significant capital (capex) and 

operational expenses (opex). Capex covers the cost of machinery and setup for the extraction processes, 

while opex includes manpower and energy costs. 

Indian recyclers have adopted some variation of the Illustrated process (figure 2: Battery Recycling). 

Where they source scrap from multiple channels: 

• End-of-Life EV Batteries: Extracting valuable minerals from used batteries. 

• Electronics Battery Waste: Processing batteries from electronic devices that use variations of Li-

ion technology. 

• Production Waste: Utilizing discarded materials from EV battery production. 

Nuances of Recycling the EV batteries 
Recycling should be considered a last resort. e-waste is collected from various sources and processed 

through a disassembly line, which involves two key stages: pre-treatment and processing. Pre-treatment 

focuses on extracting cathode material, while processing is dedicated to recovering rare earth metals 

from the cathode. 

Once collected and sorted, e-waste is further categorized, and each category undergoes a unique pre-

preparation process. This may involve discharging, dismantling, or simply disassembling before being 

crushed, with the ultimate goal of safely recovering cathode material for further processing.  

EXHIBIT 3: THE INDUSTRIAL PROCESS 
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The diversity of material chemistries in today's batteries adds to the complexity of recycling, presenting 

both technical and economic challenges that must be overcome for large-scale automotive battery 

recycling. Batteries are complex structures made up of multiple modules, with various cell 

configurations that limit the potential for automation or AI-based disassembly. 

There are three primary methods for further recycling batteries: 

A. Pyrometallurgical Process: A high-temperature smelting method that burns dismantled batteries, 

breaks down compounds, and removes organic materials like plastic. Metals such as cobalt, 

nickel, and copper are recovered, though this method is less effective for lithium. 

B. Hydrometallurgical Process: This method involves the use of aqueous chemistry for material 

recovery, separating ions through techniques like ion exchange, solvent extraction, and 

electrolysis. It offers high-purity material recovery and lower CO2 emissions but requires sorting, 

increases complexity, and incurs high wastewater treatment costs.  

C. Direct Recycling: A proposed method that directly recovers active materials while preserving 

their original structure. This involves physical methods and moderate thermal processing to avoid 

chemical breakdowns, followed by purification and defect repair. 

EXHIBIT 4: TYPES OF RECYCLING PROCESSES 
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The goal of any recycling process is to maximize material recovery in an economically viable manner, 

while also considering the sustainability of the method used for metal recovery. 

                                        

                                          

                                       

                                                                                    

                                                                  

                                                      

                                                                                                  

                                                                                                                

                                                                                                              

                                                                                         
                                               

    

                                                                      

      
                                                                              

                                                                              

                                                                                                   
             

      
                                                                                            

                                                                                                                  

                                                                                                    

         

          
                                               

                                            

          
                                      

                                                                                                         

                                             

              
                                                                                              

         

           
                                                       

                                                  

   
                                    

                                                                                                                 

                                                                                                                                           

                                                     
                                            

        
                        

EXHIBIT 5: COMPARISON OF BATTERY RECYCLING TECHNIQUES 
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Chapter 5: Challenges & Risks 
The overall proposition of recycling looks very lucrative, but it has many challenges to overcome to 

become a practical solution for the e-waste and end-of-life management of the EV batteries. Based on 

our analysis, the success of the recycling model largely depends on being able to build an ecosystem for 

sustainable recycling of the batteries. We have named these challenges largely into 2 dimensions, the 

value chain of recycling and the supporting infrastructure. 

The Recycling Process: 
Recycling involves three main stages: collection, pre-treatment, and processing. Supporting this process 

requires robust infrastructure across technology, policy/regulation, and sustainability-related areas. 

Collection infrastructure still has miles to go, 
The collection infrastructure, including logistics, transportation, identification, and sorting, is still 

underdeveloped. The primary challenge lies in the economic viability of operations, where the balance 

between collection costs and the value of recovered materials must be achieved. Furthermore, matching 

battery chemistries with the appropriate recycling facilities is critical, especially in India, where LFP 

(Lithium Iron Phosphate) and LMFP (Lithium Manganese Iron Phosphate) chemistries dominate. Facilities 

must focus on extracting lithium and manganese.  

Additionally, policy development and consumer awareness are crucial. Authorities, enforcement 

agencies, collection agencies, and recyclers must work together to set targets for producers/OEMs and 

ensure effective end-of-life battery management. Incentives should also be provided to encourage 

participation in this ecosystem. 

Pre-treatment process has a skill gap to be met, 
The pre-treatment process, though seemingly simple, is technically complex and labour-intensive. It 

presents a significant challenge and an area where economies like India can gain an advantage. Batteries 

vary in chemistry, design, housing, battery management systems, and the number of modules, making 

automation difficult.  

                                        

                            

                                                                                     

                                             

                                                                                                      

       

        

           

         

           

              

                                                                                                                             

                                                      

 
 
 
  
 
  
 
  
 
  

                                     

          

         

         

            

           

   
                 

   
                     

               

   
                 

     

   
                       

            

   
            

         

                                                                      

                                                                                   

                                                                                                                       

                                                                                                        

EXHIBIT 6: BATTERY COMPONENT BREAKDOWN 
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Two solutions emerge: investing in human resources to efficiently disassemble batteries at scale or 

establishing guidelines to standardize battery design. The latter is a long-term solution, given that 

battery technology will continue to evolve until a universal standard is reached. Investment in human 

resources will be essential, focusing on training a workforce capable of handling complex disassembly 

tasks. This also requires developing process controls to ensure safety against risks like thermal 

runaways and chemical exposures. 

Technology needs to be improved for the final recycling, 
The current recycling technologies have yet to reach economic feasibility, as the recovery rate of 

valuable materials remains a challenge for most methodologies. The setup for recycling is capital-

intensive, and investments must be made carefully, considering future trends in battery technology. 

Facilities are often designed for the recovery of specific materials, and this challenge needs to be 

addressed through further research in recycling methods.  

Pyrometallurgical Method: This is the most mature recycling technology, but there is still room for 

improvement. 

▪ Slag Recycling: During smelting, many materials are burnt and not recovered, especially lithium. 

Given the prevalence of lithium and manganese-rich batteries in India, there is considerable 

scope for improving lithium recovery. 

▪ Adapting to New Battery Chemistries: As the industry shifts towards high nickel and low/no-

cobalt batteries, pyrometallurgy's reliance on cobalt recovery poses a challenge. Innovation is 

needed to adapt the business model to new generations of LIBs. 

▪ Secondary Waste Management: Gases and solids produced during recycling must be managed 

effectively to make the process economically and environmentally sustainable. 

Hydrometallurgical Method: While effective, this method also faces significant challenges: 

▪ Energy Costs: The process is energy-intensive, adding to overall costs. 

▪ Sorting and Separation: Unlike pyrometallurgy, hydrometallurgy requires sorting and separation 

as part of pre-treatment, further increasing costs. 

▪ Focus on Cathode Materials: While the recovery currently focuses on cathode materials, the 

process could be made more economical by also recovering electrolytes and graphite anodes. 

▪ Lithium Recovery: Given the dominance of LFP batteries in India, more research is needed to 

improve lithium recovery. Additionally, the extensive use of water and chemicals in this process 

necessitates stringent waste management policies to ensure the reuse of water and safe disposal 

of chemicals. 

In summary, while recycling EV batteries holds immense potential, it requires substantial improvements 

in infrastructure, workforce development, and technological advancements to create a sustainable and 

economically viable recycling system.
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Chapter 6: Creating the India Advantage 
In 2020, a NITI Aayog report revealed that 70% of retired lithium-ion batteries (LIBs) in India were either 

discarded in landfills or left uncollected by both organized and unorganized sectors. Only 30% entered 

the recycling process: 20% through the unorganized sector, 5% through organized channels, and the 

remaining 5% exported for recycling. However, the landscape is shifting due to the combined efforts of 

the Government of India and key industry players like Attero Recycling, Lohum, Exigo, and various SMEs. 

The success of this initiative hinges on two key factors: the quantity of rare materials recovered and the 

sustainability of the recycling operations. 

India’s recycling capacity currently stands at around 35,000 tons per annum (TPA), but as more batteries 

reach the end of their life, this capacity must grow significantly. Economic viability is crucial and depends 

on balancing the costs of recycling or refurbishing with the value of recovered materials. For India to 

gain a competitive edge, a synergistic ecosystem involving consumers, collection agencies, recyclers, 

OEMs, and government bodies at both central and state levels is essential. Continuous investment in 

recycling-related R&D is also critical. 

A supportive policy infrastructure is vital to this ecosystem. Key areas include: 

1. Collection: Current collection policies are inadequate, leading to dominance by the unorganized 

sector. Implementing and enforcing Extended Producer Responsibility (EPR) can drive producers 

to meet recycling targets by collaborating with organized recyclers. Joint efforts should be made 

to develop effective sorting mechanisms to ensure batteries are correctly marked for easier 

recycling. 

2. Safety and Waste Management: Few regulations govern the safe handling of end-of-life batteries, 

increasing the risk of accidents like thermal runaways. Stronger policies are needed to manage 

these risks effectively. 

3. Import Restrictions: India currently restricts the import of end-of-life batteries to protect local 

manufacturers. However, with proper infrastructure, lifting these restrictions could position India 

as a global recycling hub, particularly for high-value batteries from Europe and the U.S., where 

recycling capacity is limited. 

4. Operational Efficiency: India has the potential to generate highly skilled manpower. Government 

and industry initiatives should focus on developing sustainable skilling programs and policies to 

attract talent to the battery recycling sector. Collaboration between producers and recyclers is 

essential for sharing schematics and technical knowledge, reducing operational risks during 

battery disassembly. 

“Battery collection and pre-processing are seen as major operational risks for 

recycling in India.” 

5. Circularity: Investment in the industry must focus on the entire process, from the supply of end-

of-life batteries to the demand for recovered materials. While India has made strides in subsidies 

and Production Linked Incentives (PLIs) for manufacturers, further incentives are needed to 

promote the use of recycled materials in various industries. 

6. Economic Feasibility: The viability of recycling is heavily dependent on battery chemistry. For 

instance, LFP batteries, which dominate the Indian market, present economic challenges due to 

the lower value of recovered materials. Lean operations are necessary to make recycling these 

batteries economically viable. Government support through subsidies or incentives could help 

sustain these operations and make recycled materials competitive on the international market. 
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“The recyclers will need to boost plant productivity and the ability to process wide 

range of battery chemistries.” 

To enhance India's EV battery recycling sector, government support should prioritize strengthening the 

EPR framework, improving collection and sorting infrastructure, lifting import restrictions, fostering 

industry collaboration, and ensuring economic feasibility through targeted incentives. Furthermore, 

technological advancements like more efficient 

recycling processes, automation, and AI-driven operations are crucial for achieving long-term economic 

viability and sustainability in the industry. 

TABLE 1: STAKEHOLDERS AND THEIR KEY ROLES IN THE CREATING INDIA’S ADVANTAGE

 

 

 

Roles/Stakeholders 
Government 

Bodies 
Producers (OEMs) Recyclers 

Collection 

Agencies 

Policy Making & 

Regulation 

Set and enforce 

EPR rules, 

targets, safety 

regulations, and 

import policies 

Comply with EPR 

and recycling 

regulations. Meet 

Targets 

Adhere to 

government 

policies, ensure 

safety and 

compliance 

Follow 

government 

regulations, 

collaborate on 

sorting 

mechanisms 

Incentives & 

Support 

Provide 

subsidies, PLIs, 

and R&D funding 

Invest in recycling 

processes, ensure 

product design 

support recycling 

Develop efficient 

processes, share 

technical 

knowledge with 

OEMs 

Support collection 

efforts, facilitate 

logistics 

Collection & Sorting 

Mandate battery 

collection and 

sorting standards 

Mark batteries for 

easy identification 

and sorting 

Develop and 

implement 

sorting 

technologies 

Collect and sort 

batteries, 

collaborate with 

producers and 

recyclers 

R&D & Innovation 

Fund research in 

advanced 

recycling 

technologies 

Collaborate on 

R&D, focus on 

designing 

recyclable products 

Innovate in 

recycling 

technologies, 

optimize 

operations 

Assist in 

developing 

efficient collection 

and sorting 

processes 

Market 

Development 

Facilitate the 

creation of a 

domestic and 

global market for 

recycled 

materials 

Use recycled 

materials in 

manufacturing, 

drive demand for 

sustainable 

products 

Expand recycling 

capacity, explore 

new market 

opportunities 

Build robust 

networks for 

efficient battery 

collection and 

transportation 
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Chapter 7: Indian Players and a joint Hustle for the Indian Market 
The Indian EV battery recycling landscape includes key players like Attero Recycling, Lohum, and Exigo 

Recycling, each contributing unique strengths. Attero Recycling is distinguished by its advanced 

proprietary technology, making it the only Indian recycler to profitably manage LFP batteries. Lohum 

excels in integrating recycling with second-life battery reuse, utilizing its patented NEETM™ technology 

for 95% material recovery and full traceability. Exigo Recycling focuses on high recovery rates and 

sustainability, operating a carbon-neutral facility with advanced mechanical and hydrometallurgical 

processes. Together, these companies are positioning India to become a global leader in sustainable 

battery recycling. 

On a detailed comparison of these players in terms of we understand, each of these players though 

catering the same market is working towards creating a unique position for themselves. While the pack is 

being led by Attero as it has shown a Proof of Concept by not only becoming profitable but also scalable.

TABLE 2: MULTI-FACTOR COMPARISON OF INDIAN RECYCLERS 

Feature/Company Attero Recycling Lohum Exigo Recycling 

Year Founded 2008 2018 2013 

Recycling 

Capacity 
11,000 tons/year by 2027 10,000 tons/year 10,000 tons/year 

Technology 

Proprietary 

hydrometallurgical process 

with over 98% recovery 

efficiency 

Patented NEETM™ 

technology with 95% 

recovery, integrating direct 

recycling of LFP 

Advanced 

mechanical and 

hydrometallurgical 

processes, cathode 

to cathode recycling 

Key Patents 

Over 30 patents related to 

Li-ion battery recycling, 

including LFP technology 

Multiple patents focusing on 

second-life battery reuse 

and recycling processes 

Technology focused 

on high-yield and 

low-energy 

processes (specific 

patents not 

detailed) 

Global Presence 
Expanding operations to the 

US, Europe, and Indonesia 

Expanding to the US, EU, 

and Asia, with a significant 

focus on sustainable 

materials 

Primarily focused 

on India, exploring 

global market 

opportunities 

Specialization 

Leader in recycling LFP 

batteries profitably, high-

quality materials for 

pharmaceuticals and other 

industries 

Integration of battery 

recycling with second-life 

applications, focus on zero 

waste and circular economy 

Focus on 

sustainability, 

carbon-neutral 

facility, and 

comprehensive 

material recovery 

Environmental 

Impact 

Significant reduction in 

landfill waste, sustainable 

mining alternatives 

Zero waste production, high 

CO2 savings (50+ kg CO2e 

saved per kWh of recycled 

battery) 

Zero carbon 

emissions facility, 

closed-loop 

recycling with low 

energy use 
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Unique Features 

- First and only Indian 

company profitable in LFP 

recycling 

- High recovery rate and 

quality suitable for diverse 

industrial applications 

- First company globally to 

produce pure metallic 

lithium via recycling 

- Full traceability and 

transparency through 

proprietary digital 

platforms 

- Hub and Spoke 

model, low 

operational costs 

- Net zero waste 

initiative and 

carbon-neutral 

facility 

R&D Focus 

Continuous development of 

efficient recycling 

technologies, with significant 

patents in battery chemistry 

Strong focus on advancing 

second-life battery use and 

recycling efficiency, 

investing 5% of annual 

revenue in R&D 

Developing 

advanced 

mechanical 

processes, 

exploring global 

partnerships for 

sustainable growth 

Key Partnerships 

Collaborations with global 

industry leaders for 

technological advancement 

and market expansion 

Strategic partnerships for 

sustainable battery disposal 

with companies like 

Altigreen, expanding 

influence in circular 

economy 

Collaboration with 

logistics and 

industrial partners 

to streamline 

battery collection 

and recycling 

operations 

Challenges 

Scaling up operations 

globally while maintaining 

cost-efficiency 

Managing logistics for 

battery collection and 

recycling across multiple 

geographies, dealing with 

price volatility in raw 

materials 

Adapting to diverse 

battery chemistries 

and achieving high 

recovery rates at 

low operational 

costs 

As we had highlighted the India advantage will be created by creating and ecosystem and continuous 

investment in technology related R&D. Indian recyclers have been proactive in investing in research to 

cater to the future innovation for the industry, which is critical for the growth of the industry. 

TABLE 3: SHOWCASE OF TECHNOLOGICAL ADVANCEMENTS THROUGH DETAILING OF KEY PATENTS FILES BY INDIAN 

RECYCLERS 

Patent Title Patent Number Company Significance 

Apparatus for Automatic 

Segregation of Spent 

Lithium-Ion Batteries 

IN201611006457A 
Attero 

Recycling 

Relates to an apparatus that classifies, 

and segregates spent lithium-ion 

batteries based on eddy currents. 

Method for Recovering 

Metals from Spent 

Batteries 

IN201711031586A 
Attero 

Recycling 

Describes a process for extracting 

valuable metals like lithium, cobalt, and 

nickel from end-of-life batteries. 

Process for Producing 

High-Purity Cobalt and 

Nickel 

IN201811024956A 
Attero 

Recycling 

Focuses on the hydrometallurgical 

recovery of high-purity cobalt and nickel 

from recycled batteries. 

System for Recycling 

Cathode Materials from 

Lithium-Ion Batteries 

IN201911028345A 
Attero 

Recycling 

Involves a system that enables the direct 

recycling of cathode materials, allowing 

for reuse in new batteries. 
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Method for Direct 

Recycling of Lithium 

Ferro-Phosphate (LFP) 

Batteries 

IN201921035878A Lohum 

Patented process that allows for the 

direct recycling of LFP batteries, 

enhancing material recovery efficiency. 

NEETM™ Technology for 

Recycling of Lithium-Ion 

Batteries 

IN201841045467A Lohum 

Proprietary technology that integrates 

mechanical and hydrometallurgical 

processes for high-yield recycling. 

Process for Repurposing 

Lithium-Ion Batteries for 

Second-Life Applications 

IN202011019134A Lohum 

Enables the repurposing of spent 

batteries for secondary use in less 

demanding applications, such as energy 

storage. 

Cathode-to-Cathode 

Recycling Process 
IN202021037893A 

Exigo 

Recycling 

Focuses on the recycling of cathode 

materials directly into new batteries, 

reducing resource wastage. 

Process for Producing 

Battery-Grade Lithium 

Carbonate 

IN202131029087A 
Attero 

Recycling 

Involves the production of high-purity 

lithium carbonate from recycled 

batteries, which can be used in new 

battery manufacturing. 

Method for Recycling 

Mixed Lithium-Ion 

Battery Chemistries 

IN202021039678A Lohum 

Covers a method to efficiently recycle 

batteries with mixed chemistries, 

improving the recovery of valuable 

materials. 

Apparatus for Safe 

Disassembly of Lithium-

Ion Batteries 

IN201821022878A 
Attero 

Recycling 

Describes a device designed for the safe 

disassembly of lithium-ion batteries, 

minimizing the risk of thermal runaway 

and other hazards. 

Process for 

Manufacturing Battery 

Cathodes Using Recycled 

Materials 

IN202031048765A 
Exigo 

Recycling 

Details a method for producing battery 

cathodes using materials recovered from 

spent batteries, supporting closed-loop 

recycling. 

System for Automated 

Battery Sorting Based on 

Chemistry 

IN202141011898A Lohum 

An automated system for sorting 

batteries by chemistry, streamlining the 

recycling process and improving 

material recovery. 

Considering these advancements have been made already, India needs to focus on following technologies 

to gain advantage, 

1. Advanced Recycling Methods: Research is needed to develop more efficient and scalable 

recycling methods that can handle diverse battery chemistries, especially focusing on low-cost 

and high-efficiency processes. 

2. Automation & AI Integration: The development of AI-driven systems for automated battery 

disassembly, sorting, and material recovery can significantly enhance efficiency and safety in 

recycling operations. 

3. Hybrid Recycling Techniques: Combining hydrometallurgical and pyrometallurgical processes into 

hybrid systems could optimize material recovery rates and energy efficiency, making recycling 

more economically viable. 
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4. Battery Design for Recycling: Research into designing batteries that are easier to disassemble and 

recycle at the end of their life could lead to significant reductions in recycling costs and 

improvements in material recovery rates. 

5. Next-Generation Battery Chemistries: Focus on developing and refining new battery chemistries 

that are easier to recycle, such as solid-state batteries, which could simplify the recycling process 

and reduce environmental impact. 



 
 

18                                                          Multi-Life and End-of-Life Strategies for EV batteries © Avalon Consulting 
 

Conclusion: Finding India’s life in the Multi- and End-of-life 
India is uniquely positioned to capitalize on the rapidly growing global market for EV batteries, 

particularly through its advancements in second life and end-of-life battery management. To fully realize 

this potential, several strategic actions are recommended: 

1. Expand Second-Life Applications: India should prioritize the development of its second-life 

battery market. By repurposing EV batteries for applications such as stationary energy storage 

and renewable energy systems, India can extend the lifecycle of these batteries and offer cost-

effective energy solutions. This market not only meets domestic energy demands but also offers a 

sustainable way to manage the increasing volume of retired EV batteries. Investing in second-life 

technology and establishing a clear regulatory framework will be crucial in driving this market 

forward. 

2. Enhance End-of-Life Recycling Capabilities: India must continue to strengthen its battery 

recycling infrastructure to become a global leader in end-of-life management. The current 

advancements in hydrometallurgical and direct recycling technologies position India to efficiently 

process diverse battery chemistries and recover valuable materials. Government support in the 

form of subsidies, R&D investments, and easing of import restrictions on end-of-life batteries will 

enhance India’s ability to become a global recycling hub, especially for markets like the U.S. and 

EU, where local recycling capacities are limited. 

3. Ensure Data and Knowledge Sharing within the Ecosystem:  

4. Foster a Circular Economy: To create a sustainable and competitive battery ecosystem, India 

should focus on developing a circular economy where materials recovered from end-of-life 

batteries are reused in new battery production. This will reduce dependence on imported raw 

materials and lower the environmental impact of battery manufacturing. Implementing and 

enforcing Extended Producer Responsibility (EPR) frameworks and incentivizing the use of 

recycled materials in new batteries are key steps in achieving this goal. 

5. Position India as a Global Supplier: With its cost-competitive labor and growing technological 

expertise, India has the potential to become a key supplier of recycled battery materials to global 

markets. The U.S. and EU, facing regulatory pressures and recycling capacity constraints, 

represent significant opportunities for India. By establishing international partnerships and lifting 

import restrictions, India can attract foreign investments and expand its market reach. 

6. Invest in Innovation and Workforce Development: Continuous investment in advanced recycling 

technologies and AI-driven automation will be essential to maintaining India’s competitive edge. 

Additionally, developing a skilled workforce capable of managing the complexities of battery 

recycling and second-life applications will be critical. Government-backed skilling programs 

should be prioritized to ensure that India has the human capital needed to support this growing 

industry. 

India's potential in the global EV battery market is immense, but realizing this potential requires strategic 

investments, robust policies, and international collaboration. By focusing on second-life applications, 

enhancing recycling capabilities, fostering a circular economy, and positioning itself as a global supplier, 

India can lead the way in sustainable battery management. The global market is looking for solutions, and 

with the right steps, India can not only meet its domestic needs but also serve as a model for other 

nations, contributing significantly to the global shift towards a cleaner, more sustainable future. 

 


