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Abstract-Achieving self-reliance (Atmanirbhar) in India’s electric vehicle (EV) sector mandates a strategic shift from reliance on
imported lithium-ion (Li-ion) technology toward alternative chemistries utilizing domestically abundant raw materials. The
Sodium-ion Battery (SIB) is identified as the leading alternative technology capable of ensuring immediate raw material
independence by leveraging domestic reserves of sodium, iron, and manganese. SIBs are ideally suited for the cost-sensitive, short-
range segments of India's market, specifically electric two-wheeler (e-2W) and three-wheeler (e-3W) segments.1 While Li-ion
currently holds a cost advantage, scaled SIB production is projected to achieve cost leadership, potentially reaching $40-$50 per
kilowatt-hour (kWh) at the pack level by the end of the decade.4 SIBs also offer superior safety and temperature tolerance, critical
for mass EV adoption and Battery Energy Storage Systems (BESS).2 The primary recommendation is the rapid utilization of the 5
GWh capacity earmarked under the Production-Linked Incentive (PLI) Niche ACC scheme to commercialize SIBs, focusing
especially on establishing a completely indigenous supply chain for the hard carbon anode using domestic biomass.7 Successful
localization is projected to capture nearly 80% of the estimated $300 billion domestic EV battery market by 2030, generating
substantial employment and revenue.

Keywords- Sodium-ion batteries (SIB), Atmanirbhar EV ecosystem, domestic raw materials (sodium, iron, manganese), lithium-
ion alternative, electric two-wheelers (e-2W), electric three-wheelers (e-3W), cost reduction ($40-$50/kWh), production scaling,
superior safety, high temperature tolerance, Battery Energy Storage Systems (BESS), Production-Linked Incentive (PLI) scheme,
indigenous supply chain, hard carbon anode, biomass-based materials, EV battery localization, energy independence, employment
generation, $300 billion EV market potential by 2030.

including lithium, cobalt, and nickel, materials for which

I. INTRODUCTION

India possesses extremely low domestic reserves.10 This

The Critical Mineral Deficit and Geopolitical Risk . .
dependency is further compounded by the necessity to

India’s aggressive electrification targets face a core import battery-grade graphite, predominantly from

structural vulnerability: dependence on critical imported
minerals for conventional Li-ion battery manufacturing,

China.10 This reliance exposes India to significant
geopolitical risk and supply chain concentration, as China
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dominates 85% of global battery cell production and
controls over 50% of the processing capacity for key
minerals.12 Given that imported cells account for 75%—
80% of the total cost of Li-ion batteries, developing
indigenous technologies that negate the need for these
scarce imported materials is essential for realizing the
'‘Atmanirbhar Bharat' vision for energy independence.13

Decarbonization and Value Capture Mandate

India is committed to ambitious electrification goals,
targeting 80% of electric two- and three-wheelers and 30%
of four-wheeled vehicles to be electric by 2030.14 This
transition is crucial for mitigating severe air pollution and
meeting the national net-zero emissions pledge by 2070.14
This large-scale industrial effort offers a unique economic
opportunity. As the world's fourth-largest manufacturer of
automobiles, transitioning the manufacturing base from
internal combustion engines (ICE) to indigenous EV and
battery production provides a powerful

economic lever.15 By strategically localizing cell
manufacturing, India has the potential to secure
approximately 80% of the estimated $300 billion domestic
EV battery market by 2030.9 This

initiative is a foundational industrial policy aimed at
maximizing job creation and economic growth across the
entire domestic value chain, including raw material
processing and advanced chemical production.10
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IV. INTRODUCTION - OBJECTIVES OF
THE RESEARCH

The primary objectives of this research are threefold:

Identify Indigenous Alternatives: To systematically
identify and evaluate Advanced Chemistry Cell (ACC)
alternatives to conventional lithium-ion (Li-ion) batteries
that rely predominantly on domestically available raw
materials in the Indian subcontinent.

Establish  Strategic Viability: To technically and
economically assess the suitability of the identified
(specifically
Aluminium-Air, and Zinc-based systems) for India's mass-
market EV segments (e-2W/e-3W) and utility-scale Battery
Energy Storage Systems (BESS).2

indigenous  chemistries Sodium-ion,

Formulate Policy Recommendations: To propose a targeted
strategic and policy framework, leveraging existing
mechanisms such as the Production-Linked Incentive (PLI)
scheme, that can accelerate the commercialization of these
indigenous technologies, maximize Domestic Value
Addition (DVA), and ultimately achieve national self-
reliance in EV battery manufacturing, thereby capturing the
projected $300 billion domestic market opportunity by
2030.9
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V. LITERATURE REVIEW OF PREVIOUS
RESEARCH IN THE AREA AND
JUSTIFICATION / IMPORTANCE /
VALUE OF FURTHER RESEARCH.

Existing literature establishes the acute vulnerability of
India's EV roadmap due to its near-total reliance on
imported critical minerals—namely lithium, cobalt, and
nickel—and the resulting geopolitical risk associated with
the concentrated global supply chain dominated by
China.10

This dependency is antithetical to the 'Atmanirbhar Bharat'
mission.13 Previous research has demonstrated that
achieving deep decarbonization and meeting India's net-
zero goal by 2070 requires massive, sustained growth in
both EV adoption and grid storage capacity.14 However,
the economic model based on imported Li-ion cells, which
account for 75%-80% of the pack cost, limits domestic
value capture.13

Justification for Further Research: While the Li-ion mineral
challenge is well-documented, specific research is required
to transition from policy aspiration to technological
execution. The critical gap addressed by this research is the
detailed technical and economic mapping of indigenous
alternative chemistries (beyond just theoretical viability) to
immediate PLI scheme execution, particularly focusing on:

e Quantifying the cost advantage and supply chain
resilience offered by Sodium-ion batteries using
India's vast sodium reserves 1 and leveraging
indigenous biomass for the Hard Carbon anode.8

e Evaluating the precise application fit of Aluminium-
Air and Zinc-based systems, specifically in niche and
BESS sectors, respectively, which use India’s
abundant bauxite and zinc resources.19
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e Creating a specific policy roadmap to leverage the
Niche ACC segment of the PLI scheme to de-risk high-
DVA, indigenous projects.7

The value of this research lies in providing a decisive,
resource-backed blueprint that ensures technological
sovereignty and captures substantial economic value across
the battery value chain.9

VI. DATA COLLECTION
The analysis relies on a multi-faceted dataset comprising:

e Economic and Market Projections: Data pertaining to
the projected size of the Indian EV battery market
(estimated at $300 billion by 2030) 9, the Compound
Annual Growth Rate (CAGR) for alternative
chemistries (e.g., SIB projected at 35.2%) 22, and
official government DV A targets (60% mandate).23

e Commodity and Cost Data: Comparative analysis of
raw material prices (Lithium carbonate vs. Sodium
carbonate at $\sim$$10,000-$11,000/mt vs. $\sim$$
600-$650/mt, respectively) [5, 24] and the projected
long-term cell manufacturing cost targets for SIBs
($\sim$$40-$50/kWh at pack level).4

e Policy and Regulatory Documentation: Information
extracted from the Government of India’s National
Programme on Advanced Chemistry Cell (ACC)
Battery Storage PLI Scheme, including the budgetary
outlay (X 18,100 crore) 21 and the specific 5 GWh
allocation for Niche ACC Technologies.7

e Technical Performance Metrics: Data on energy
density (Li-ion vs. SIB at 100-160 Wh/kg) 24 and
system-level performance attributes such as safety
profile, temperature tolerance, and cycle life for
Sodium-ion, Aluminium-Air, Zinc-based, and Solid-
State chemistries.2
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Investment Data: Confirmation of
technology transfer activities and investments, such as

e Industrial

Reliance Industries’ acquisition of Faradion IP.28

VIl. ACTUAL WORK DONE WITH
EXPERIMENTAL SETUP,

This research constitutes a comparative techno-economic
and policy analysis, not laboratory-based experimental
work. The "Actual Work Done™ involved the systematic
evaluation and synthesis of the following:

Technical Viability Assessment (Equivalent to Work
Done)

A detailed technical assessment was performed on four
primary advanced chemistry cell technologies: Sodium-ion
(SIB), Aluminium-Air (Al-air), Zinc-based systems, and
Solid-State Batteries (SSBs). This assessment focused on:

e Resource Security Index: Mapping the primary raw
material needs of each chemistry (Li, Na, Co, Ni, Zn,
Al) against India's domestic reserves and production
capacity (e.g., India’s salt production rank 1,
aluminum smelting capacity 19).

o Performance-Market Fit: Determining the optimal
application niche for each chemistry based on its
energy density, cycle life, and cost profile, specifically
aligning SIBs with e-2W/e-3W and BESS, and Al-air
with long-haul niche fleets.3

Economic Modeling and Value Chain Localization

A forward-looking economic model was developed to
quantify the potential domestic value capture. This
included:

e Cost Parity Pathway Analysis: Modeling the pathway
for SIBs to achieve cost parity and eventual cost
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leadership against LFP by aggregating initial demand
to reach necessary economies of scale.4

e Targeted DVA Strategy: ldentifying specific high-
value components (e.g., Hard Carbon anode from
biomass 8, LFP P-CAMs 29) where localization is
critical to meet the PLI’s DVA requirements and
maximize domestic retention of the cell's cost
structure.16

VIII. RESULTS

Strategic Imperative: Sodium-ion (SIB)

The research conclusively identifies SIBs as the primary
cornerstone for India’s self-reliance strategy.

e Material Sovereignty: SIBs eliminate reliance on
imported critical minerals by utilizing abundant
domestic sodium, iron, and manganese, providing
unparalleled supply security.1

e Cost Leadership Potential: SIBs are projected to
achieve cost leadership at scale, reaching

e  $40-$50/kWh at the pack level, making them superior
for cost-sensitive Indian markets and BESS
applications.4

e Anode Localization:  Successful indigenous

conversion of agricultural biomass into Hard Carbon

(HC) 8 secures a fully domestic supply chain for the

most critical component, maximizing Domestic Value

Addition (DVA).
Economic Value Capture

Localization is projected to capture approximately 80% of
the $300 billion domestic EV battery market by 2030,
provided backward integration into high-value chemical
processing is prioritized.9 The economic targets confirm
the scale of this opportunity:
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Table 1: Projected Economic Impact of Indigenous e Infrastructure Complexity (Al-air): Aluminium-Air
SIB Deployment in India (2031 Targets) technology is fundamentally limited by the need for a
Metric Current | Projected | Supporting complex, closed-loop recycling and anode
Baseline Target Data replacement infrastructure, preventing its use in the
(2025) (2031) mass retail EV market.26
Domestic USD 450 | USD 2.9 22 SSB Material Reli CAd d Solid-s
SIB Market | Million Billion . ateria eliance: vance olid-State
Value 29 (CAGR Batteries still predominantly rely on critical minerals
35.2%) 22 (Li, Co, Ni), for which India lacks domestic reserves,
Reduction in | 75%— Target 18 positioning them as a post-2035 strategic goal rather
Import 80% of DVA of than an immediate self-reliance solution.10
Dependency | cell cost 60% (PLI
imported | Mandate) Future Scope of Research
Li-ion 18 o
(1 3| fon) Based on the strategic findings, the future scope of research
and policy action should be directed towards:
- — e PLI Niche Expansion Review: Conducting a formal
Potential Minimal ~80% of 9 ) _ . o
Domestic EV estimated policy review to reclassify SIBs from a ‘niche
Market Share $300 Billion technology to a 'mainstream’ category within the PLI
Capture market framework, increasing allocated capacity beyond the
Target SIB Cell | $\sim$ $\sim$ initial 5 GWh if targets are met, to accelerate scale-
Manufacturing $80/kWh $40- up.7
Cost (Initial) $50/kWh ol ; _ oed high
[25]% (At scale) e Advanced Materials R&D for SSBs: Sustained high-

IX. FUTURE SCOPE OF RESEARCH AND

LIMITATION

Limitations

Current Cost Lag: Despite having lower material costs,
SIBs currently have a higher manufacturing cost
($\sim$$80/kWh$3) than established LFP cells due to
nascent production capacity. This requires rapid,
aggregated demand generation to overcome the scale
deficit.25

level funding for institutional R&D (l1ISc, CSIR)
focused on non-lithium or reduced-lithium solid
electrolytes to enable global leadership in the next
generation of battery technology post-2035.27
Closed-Loop Ecosystem Modeling: Detailed logistical
modeling and pilot projects to integrate the anode
replacement ecosystem for Al-air batteries directly
with domestic aluminum smelters, establishing a
proven commercial model for niche, quick-swap
applications.19
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Note: The primary sources for this analysis are proprietary
research snippets and publicly available policy documents.
For accuracy, the citations below reference the original
research markers used throughout the text, corresponding
to the specific data points drawn for the analysis.

1[snippet-id] (Reference regarding India's sodium chloride
production and SIB raw materials.)

2[snippet-id] (Reference regarding SIB safety, temperature
tolerance, and material independence.)

3[snippet-id] (Reference regarding SIB density fit for e-
2W/e-3W.)

4[snippet-id] (Reference regarding SIB long-term cost
projection of $40-$50/kwWh.)

5[snippet-id] (Reference regarding SIB long-term cost
projection and material cost comparison.) 6[snippet-id]
(Reference regarding SIB safety, temperature tolerance,
and recycling.)

7[snippet-id] (Reference regarding the 5 GWh PLI Niche
ACC allocation.)

8[snippet-id] (Reference regarding using indigenous
biomass for Hard Carbon anode.)

9[snippet-id] (Reference regarding the $300 billion
domestic EV battery market projected capture.)

10[snippet-id] (Reference regarding India’s deficit in Li,
Co, Ni, and graphite.) 11[snippet-id] (Reference regarding

India’s low reserves of Li, Co, and Ni.)

12[snippet-id] (Reference regarding China's dominance in
global battery cell production and mineral processing.)

13[snippet-id] (Reference regarding cell import cost

percentage and ‘Atmanirbhar Bharat’ conflict.)
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14[snippet-id] (Reference regarding India’s 2030
electrification targets and 2070 net-zero pledge.)

15[snippet-id] (Reference regarding India's global
automobile manufacturing rank.)

16[snippet-id] (Reference regarding economic leverage
and shifting to high-value manufacturing.)

17[snippet-id] (Reference regarding job creation and
economic growth across the value chain.)

18[snippet-id] (Reference regarding localization as
foundational industrial policy and DV A goals.)

30[snippet-id] (Reference regarding SIB reliance on iron,
manganese, phosphates, and sulfur.) 28[snippet-id]
(Reference regarding Reliance Industries’ acquisition of
Faradion.)

22[snippet-id] (Reference regarding domestic SIB market
value and CAGR projections.) 23[snippet-id] (Reference
regarding the 60% DVA goals of the PLI-ACC scheme.)
34[snippet-id]  (Reference regarding Indi  Energy
pioneering indigenous HC materials.) 35[snippet-id]
(Reference regarding Indi Energy's commercialization of
BioBlack™.) 36[snippet-id] (Reference regarding Macsen
Labs' SIB cell pilot line plans.)

37[snippet-id] (Reference regarding SIB sustainability and
end-of-life management complexity.)

19[snippet-id] (Reference regarding Al-air leveraging
India's bauxite/aluminum status and 1OC partnership.)

26[snippet-id] (Reference regarding Al-air high energy
density, safety, and mechanical replacement needs.)

38[snippet-id] (Reference regarding Al-air new anode
replacement ecosystem barrier.) 20[snippet-id] (Reference
regarding Zinc-based chemistries, cost, and Godrej
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partnership.) 39[snippet-id] (Reference regarding Zinc
safety, aqueous electrolytes, and suitability for BESS.)
40[snippet-id] (Reference regarding Solid-State Battery
energy density and performance.)  24[snippet-id]
(Reference regarding SSB high energy density and
comparison to SIB/LFP costs.) 27[snippet-id] (Reference
regarding 11Sc research on solid electrolytes and dendrite
mitigation.) 32[snippet-id] (Reference regarding CSIR-
CECRI development of electrode materials.) 33[snippet-id]
(Reference regarding targeting global leadership in SSBs
via integrated systems.) 25[snippet-id] (Reference
regarding initial SIB manufacturing cost vs. LFP
established cost.)

29[snippet-id] (Reference regarding LFP cathode materials
and firms like Altmin and GFCL-EV.)

41[snippet-id] (Reference regarding job creation, skill
development, and infrastructure synergy.) 21[snippet-id]
(Reference regarding the total PLI budgetary outlay and
Niche ACC capacity.) 31[snippet-id] (Reference regarding
PLI investment requirements and performance period.)

42[snippet-id] (Reference regarding PLI support for
Transfer of Technology (ToT) agreements.)

43[snippet-id] (Reference regarding FAME scheme,
Battery Swapping Policy relevance to SIBs, and supply
chain efficiency.)
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