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Welcome to Xtrawrkx: Pioneering Innovation in Automotive and
Manufacturing. Xtrawrkx stands at the forefront of advisory and
consulting services, specializing in the automotive and manufacturing
industries. Our firm is dedicated to supporting automotive companies
and startups by providing a comprehensive suite of services:
management consulting, contract manufacturing, and startup factory
solutions.

Our diverse team of full-time professionals and independent
consultants excels in offering flexible, scalable support tailored to the
unique needs of each client. We address a broad spectrum of
challenges including EV expertise, testing and validation, program
management, and strategic growth. By harnessing our extensive
network of over 4,000 companies, we facilitate connections with key
partners, suppliers, and clients, enabling innovative collaborations and
co-investment opportunities.

Our approach integrates deep industry knowledge with cutting-edge
strategies, delivering detailed project plans, cost analyses, and efficient
solutions that drive operational success and sustainable growth. At
Xtrawrkx, we are committed to transforming challenges into
opportunities, helping our clients navigate the complexities of the
automotive and manufacturing sectors with confidence and agility.
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Disclaimer

The content of this white paper represents the opinions and
perspectives of the contributors and the author(s). While
every effort has been made to ensure the accuracy and
reliability of the information presented, it should be noted that
the statements, analyses, and conclusions are based on
personal interpretations, observations, and available data at
the time of writing. 

The views expressed in this document are not to be
considered as facts or universally accepted truths. The
information provided is intended for informational and
educational purposes only and should not be construed as
professional or expert advice. Readers are encouraged to
conduct their own research and seek advice from qualified
professionals before making decisions based on the content
of this white paper. 

The author(s) and contributors disclaim any liability for
decisions or actions taken based on the information contained
herein.
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Executive Summary

India’s electric vehicle (EV) transition is rapidly advancing, yet
critical components like vehicle recycling, rare earth recovery,
charging infrastructure, and battery safety remain fragmented and
underdeveloped. This white paper, compiled through an expert
round table facilitated by Xtrawrkx, brings together voices from EV
component manufacturing, charging infrastructure, software
analytics, and mobility startups to offer a comprehensive blueprint
for a circular, secure, and scalable EV ecosystem.

The paper explores the dual challenge of end-of-life ICE vehicles—
refurbishing them into EVs or managing their scrappage
responsibly. It emphasizes the urgent need for battery recycling
infrastructure as early EVs approach the end of their lifespan. It
also advocates for smarter EV infrastructure deployment,
especially in under-served Tier 2 and rural regions where EV
adoption is organically growing.

A core concern addressed is India's over-reliance on imported rare
earth elements (REEs) for high-performance motors. The
discussion calls for investments in urban mining, REE processing
facilities, and support for alternative motor technologies. Parallelly,
the white paper delves into modernization of India’s electrical grid
and outlines how renewable energy integration and smart load
management can enable scalable EV charging infrastructure.

Battery safety, another critical pillar, is examined through the
evolution of regulations (AIS 156), thermal propagation prevention,
and the adoption of safer chemistries like LFP. 

www.xtrawrkx.com



Executive Summary

The paper concludes with a strong case for integrating AI-
powered predictive analytics into EV systems to extend battery
life, improve safety, and reduce total cost of ownership.

Key Recommendations:

Institutionalize battery recycling and reuse policies.
Promote retro-fitment with battery leasing models.
Develop domestic rare earth processing capabilities.
Deploy EV infra based on demand forecasting.
Modernize grid distribution systems in sync with EV growth.
Leverage AI and predictive analytics to improve battery safety
and life.

This paper serves as a strategic guide for policymakers, investors,
OEMs, and energy planners to align toward a clean, intelligent, and
self-reliant EV future.
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Introduction

Purpose of the White Paper:

This white paper aims to offer a comprehensive framework for
advancing India’s electric vehicle (EV) ecosystem by addressing
three critical areas: the sustainable recycling of internal
combustion engine (ICE) vehicles, rare earth element (REE)
recovery, and the deployment of EV-ready infrastructure. As India
transitions from fossil-based transportation to cleaner alternatives,
it must confront challenges related to battery waste, scarce
mineral reliance, and grid limitations. The paper presents in-depth
insights derived from a multi-stakeholder roundtable, drawing on
voices from manufacturing, infrastructure, AI, and mobility
domains.

It seeks to:
Explore solutions for end-of-life ICE vehicles, including
scrappage and retro-fitment.
Encourage investment in battery recycling and rare earth
material recovery.
Promote self-reliance through localized REE sourcing and
alternative motor technologies.
Guide strategic, demand-based infrastructure development,
especially in Tier 2 and rural regions.
Emphasize battery safety innovations and the role of AI-
powered predictive systems in prolonging battery life and
improving vehicle reliability.
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Industry Context and Stakeholder Motivation:

As India accelerates its adoption of electric mobility, systemic
gaps in scrappage processing, critical mineral recovery, battery
safety, and energy readiness have come to light. The need to
create a truly circular EV ecosystem—wherein energy,
components, and mobility services align—has never been more
urgent.
The Indian EV market is maturing, yet the absence of integrated
support structures hinders scale. This white paper aims to provoke
timely policy decisions, unlock private investment, and inform
public discourse with real-world insights from the front lines of
mobility innovation.

 Industry Context and Stakeholder Motivation:

EV Component Manufacturers: Engineers and fabricators of motors,
batteries, and controllers who shape performance and safety
baselines.

Mobility Startups: Innovators introducing new business models such
as battery swapping, vehicle leasing, and AI-enabled fleet
management.

Consulting Firms: Strategic advisors aligning startups, investors,
and policymakers with sustainable business strategies.

Charging Infrastructure Developers: Companies planning and
executing charging networks across urban and rural areas.
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Policy Makers & Regulatory Bodies: Agencies defining
homologation standards, incentives, and long-term
roadmaps.

Investors: Stakeholders looking to place capital in scalable
and high-impact green mobility ventures.
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Lifecycle of EV Batteries:

Most EV batteries in the market today are expected to reach their
end of life between 5–7 years. Given that mass EV adoption began
around 2018–2019, India is on the brink of a first major wave of
battery waste.

Upcoming Battery Waste Challenges:

The disposal of lithium-ion batteries is both an environmental and
safety hazard. Without proper infrastructure, risks include
groundwater contamination, fire hazards, and toxic waste
accumulation. Batteries must be dismantled under controlled
environments, and their components—such as lithium, cobalt,
manganese, and nickel—must be extracted for reuse.

Battery Recycling: Environmental & Business Case:

Battery recycling is not just an ecological imperative; it's a billion-
dollar opportunity. As highlighted during the discussion, recycling
plants offer urban mining potential. Reusing extracted materials can
ease supply chains, reduce dependence on imports, and cut costs.
Industry readiness is urgent: regulatory frameworks, investor
interest, and operational capacities must align swiftly.
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Rationalizing EV Infrastructure
Deployment

Uneven Charger Deployment:

Current charging networks are uneven. High-traffic corridors like
Mumbai–Pune are overserved, while vital routes such as Mumbai–
Nashik remain underserved. This imbalance reflects a lack of data-
driven planning.

Tier 2 & Rural Opportunity:

A notable insight was the accelerated EV two-wheeler adoption in
rural Gujarat and other semi-urban regions, where cost-sensitive
buyers are bypassing ICE vehicles altogether. However,
infrastructure development has largely neglected these areas.

Smart Deployment Planning:

Smarter infrastructure expansion strategies must include:

Geo-mapping high EV usage areas.

Using vehicle registration and density data.

Encouraging decentralized charging (home + semi-public).

Embracing solar + battery energy storage for off-grid solutions
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Refurbishment and Retro-fitment of
ICE Vehicles

Scrappage to EV Conversion:

India's large base of aging ICE vehicles presents a dual
opportunity: complete scrappage and re-manufacturing, or
retrofitment into EVs. Particularly for commercial vehicles,
retrofitting is emerging as a viable, cost-efficient pathway.

Viability of Retro-fitment Models:

Retrofitting was previously unfeasible due to high lithium battery
costs and OEM incentives favoring new EV purchases. However,
the decline of subsidy schemes and the rise of battery-as-a-
service (BaaS) models are reviving retrofit economics.

Role of Battery Leasing:

Battery leasing decouples battery ownership from vehicle cost,
reducing CAPEX and derisking adoption. This model is particularly
well-suited for small fleet operators and two-wheeler logistics
providers.
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Rare Earth Elements (REE) Recovery &
Self-Reliance

India's Dependence on Imports:

Despite having neodymium ore reserves, India has relied heavily
on China and Japan for refined rare earth magnets—critical for EV
motors. Export bans on raw ore have recently been enforced, but
domestic refinement capacity remains inadequate.

Urban Mining and Domestic Processing:

India must urgently develop rare earth processing facilities. Urban
mining—recovering magnets from end-of-life electronics and
motors—can supplement primary sourcing. Additionally, public-
private R&D must target cost-efficient magnet extraction
technologies.

Technological Alternatives and Innovation:

While motors like SRM (Switched Reluctance Motor) and
synchronous reluctance variants offer REE-free operation, they
still lag in torque density and efficiency. Ongoing innovation should
focus on hybrid solutions—minimizing REE usage without
compromising performance.
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Energy Infrastructure and Grid
Modernization

Production vs Distribution Challenge:

India’s challenge is not merely producing enough energy, but
distributing it efficiently. High-powered chargers (7 kW+)
strain local distribution transformers, especially in older urban
areas.

Integration with Renewables:

Zankhana suggested that future charging hubs should be
designed with renewable integration—solar rooftops, local
wind systems, or hybrid microgrids—to reduce grid
dependency and improve uptime.

Grid Planning and Modernization Strategies:

To sustainably meet EV demand:

Strengthen last-mile distribution (local grids and
substations)
Build dynamic forecasting systems for charging demand
Modernize the grid with smart metering and bi-directional
flow systems
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Safety: Preventing Thermal Runaway in
Batteries

Shift from NMC to LFP:

Thermal safety incidents have decreased notably since the EV
sector transitioned from high-energy NMC (Nickel Manganese
Cobalt) to LFP (Lithium Iron Phosphate) chemistries, which are
more thermally stable.

Pack Design & Thermal Management:

Engineering design plays a vital role in battery safety. Newer
battery packs use:

Air channels and thermal pads
Insulation foams to prevent cell-to-cell heat propagation
Venting systems and fire-retardant casings

AIS 156 and Policy Evolution:

India’s AIS 156 standard mandates rigorous testing for:

Fire resistance
Overcharge and short-circuit tolerance
Vibration and thermal cycling
This has elevated both compliance standards and end-user
safety.
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The Role of Predictive Intelligence in
Battery Longevity

Dynamic Motor Control:

Akshay emphasized how adaptive control systems can
dynamically modify motor behavior—reducing peak loads,
preventing over-discharge, and adjusting to driving patterns—all
in real-time.

Real-Time Parameter Tracking:

By logging and analyzing:

Current surges
Per-cell temperature gradients
SOC (State of Charge) variations under different terrains
Manufacturers can proactively flag at-risk batteries before
failure.

AI Integration into EV Power-train:

AI-powered systems can now:

Predict thermal events
Flag unsafe driving patterns
Enable remote firmware updates for optimization
This tech-layer integration makes EVs more intelligent, safer,
and long-lasting.
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Conclusion & Recommendations

India's EV mission must expand beyond vehicle sales. The
surrounding systems—from battery waste handling and rare earth
magnet supply chains to safety protocols and grid planning—must
evolve in lockstep. 

Based on this white paper discussion, we recommend:

Establishing National Battery Recycling Frameworks: Include
subsidies and mandates for closed-loop recycling systems.

Promoting Tier-2 & Rural Charging Investment: Through DRE
models and distributed solar charging.

Enabling Retro-fitment Market Growth: By supporting battery
leasing, retrofit kits, and certifications.

Investing in REE Refinement Plants: Reduce import
dependency and export only value-added components.

Modernizing the Grid: Adopt demand-supply forecasting,
localized storage, and micro grids.

Standardizing Battery Safety: Extend AIS 156 enforcement
across 2W, 3W, and small commercial EVs.

Building the EV Intelligence Layer: Support startups building
BMS, analytics platforms, and motor control AI.
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Year Estimated EVs 
on Road (million)

Average Battery 
Lifespan (years)

Projected Battery
 Waste (tons)

2025

2030

2035

4.5

15.0

30

5-7

5-7

5-7

~75,000

~500,000

>1,200,000

Source: NITI Aayog & IEA Reports

India’s Rare Earth Element (REE) Dependence

Element Critical Use in
EVs

% Imported Major Import
Source

Neodymium
(Nd)

Dysprosium
(Dy)

Permanent
magnet motors

~95% China

Availability
 in India

Terbium
(Tb)

High-temp motor
stabilization

Magnet &
phosphors

~90%

~100%

China

China

Moderate 
(IREL)

Very Low

Negligible

Source: Indian Bureau of Mines, IREL, Geological Survey of India

 EV Battery Lifecycle & Projected Waste in India
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Public EV Charger Distribution by State (2024)

State/
UT

Total Chargers Fast Chargers Chargers per 100
km

Maharashtra 1,450 12.5

18.2

10.7

Delhi NCR

Tamil Nadu

Bihar

Gujarat

980

850

110

670

480

350

310

25

200

2.1

8.5

Source: Ministry of Power, State EV Policies

Regulatory Timeline Snapshot

Year Milestone Impact

2019

2021

2023

FAME II Subsidy Launch Boosted OEM and infra investments

2024

AIS-156 Draft Notification

Mandatory Scrappage
Policy for Government

Vehicles

Proposal for Urban Mining
Policy (draft stage)

Tightened EV battery safety norms

Opened retrofitment & recycling
opportunities

Expected to boost REE processing
locally



Chemistry Safety Rating Cost Commercial
Viability (India)

LFP High Preferred in 2W/3W

Mostly imported

In R&D phase

NMC 811

Sodium-ion

Solid-State

Medium

High

Very High

Medium

High

LOW

Very High 2030+ potential

Comment

High

Low–Medium

LOW

Very LOW
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Emerging Battery Chemistries in India (2024-2030)

Appendix B: Abbreviations and Acronyms

Acronym Full Form

EV

ICE

REE

LFP

NMC

AIS

BMS

CPO

OEM

Electric Vehicle

Internal Combustion Engine

Rare Earth Elements

Lithium Iron Phosphate

Nickel Manganese Cobalt

Automotive Industry Standards

Battery Management System

Charge Point Operator

Original Equipment Manufacturer

IREL Indian Rare Earths Limited



We’re excited to have PROLIM as the Principal Sponsor of the XEV.FIN (EV
Finance Community Network). As a global leader in Product Lifecycle
Management (PLM), Cloud, IoT, and Digital Transformation solutions,
PROLIM plays a crucial role in enabling smarter battery development and
next-gen EV component innovation.

The EV industry is rapidly evolving, with breakthroughs in battery
materials, smarter manufacturing technologies, and innovative
component design reshaping how electric vehicles are built and scaled.
These advancements not only enhance performance and sustainability
but also demand robust digital infrastructure and engineering precision.

By supporting XEV.FIN, PROLIM is helping accelerate the future of clean
mobility — empowering communities, creators, and companies to build
the EV technologies of tomorrow.
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