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Abstract: As the global demand for lithium-ion batteries accelerates in response to the clean energy transition, the strategic
localization of battery material processing has emerged as a critical industrial and geopolitical priority. While mineral-rich countries in
the Global South—such as those in Africa, Southeast Asia, and Latin America—supply the bulk of raw inputs like lithium, cobalt, and
nickel, most value-added processing and cell manufacturing remain concentrated in a few advanced economies. This imbalance
reinforces structural dependency and limits the developmental benefits for resource-supplying nations. This paper examines the role of
localized battery material processing hubs as a pathway to industrial upgrading, green job creation, and supply chain sovereignty
across the Global South. Through an integrated framework combining policy diagnostics, energy system analysis, and trade value
chain mapping, the study evaluates the technical, economic, and environmental feasibility of regional processing centers. It
investigates the policy instruments—such as local content mandates, green infrastructure incentives, and state-led consortia—required
to make localized processing competitive while adhering to global sustainability benchmarks. Key case studies from emerging
economies demonstrate how processing hubs can serve as anchors for green industrial clusters when paired with renewable energy
integration, skills development, and export diversification strategies. However, the study also identifies major risks, including energy
constraints, regulatory fragmentation, and the volatility of global commodity markets. By providing policy-relevant insights and a
roadmap for implementation, this research contributes to ongoing debates on green industrialization, strategic autonomy, and equitable
participation in the global energy transition.
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resources, have historically occupied the lowest tier of the

1. INTRODUCTION

We

1.1 Background: Global Battery Demand and the Role of
the Global South

The global shift toward electrification, clean transportation,
and decentralized energy storage has drastically increased the
demand for lithium-ion batteries. These batteries are
indispensable to electric vehicles (EVs), grid-scale storage
systems, and portable electronics, and they represent a
linchpin of the broader decarbonization agenda[l]. As
governments set ambitious net-zero targets and industry
accelerates the transition away from fossil fuels, the
production of battery-grade materials such as lithium, cobalt,
and nickel has emerged as a strategic economic and
geopolitical priority [2].

Much of the world’s raw battery materials originate in the
Global South. Countries across Africa, Southeast Asia, and
Latin America hold a substantial share of global reserves—
over 60% of the world’s cobalt is extracted in the Democratic
Republic of Congo (DRC), while Latin America’s Lithium
Triangle (Argentina, Bolivia, and Chile) dominates lithium
production [3]. Similarly, Indonesia and the Philippines are
key sources of high-grade nickel, a critical component for
battery cathodes[4]. These regions, while rich in natural
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global value chain: extraction and export.

This imbalance limits their economic participation in the high-
value segments of battery manufacturing, such as cathode
production, cell assembly, and battery system integration [5].
As the demand for energy storage surges, the Global South
faces a unique opportunity to leverage its resource base into
industrial transformation. With the right infrastructure, policy
support, and investment frameworks, localized processing
hubs could offer pathways to industrial diversification, green
job creation, and enhanced trade resilience [6].

Figure 1 illustrates the current battery supply chain structure,
highlighting how raw materials from the Global South flow
into value-added processing and manufacturing centers
concentrated in East Asia, North America, and Europe.

1.2 Problem Statement: Raw Material Export vs. Value
Addition

Despite being central to the global energy transition through
their mineral endowments, many countries in the Global
South remain relegated to the role of raw material suppliers.
The dominant model—exporting unprocessed or semi-
processed critical minerals—results in missed opportunities
for economic upgrading, technological learning, and industrial
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sovereignty [7]. Raw material extraction alone captures only a
small fraction of the battery value chain’s total economic
output, with most wealth generated through processing,
component manufacturing, and system integration [8].

This dynamic perpetuates structural dependency, whereby
resource-rich countries depend on external markets for
technology, equipment, and finished goods, often while facing
price volatility and environmental degradation at the
extraction stage[9]. The concentration of processing
infrastructure in a handful of advanced economies also poses
supply chain risks and geopolitical exposure, especially amid
rising protectionism and trade disruptions [10].

Efforts to localize processing and manufacturing in the Global
South have often been hindered by energy constraints, capital
shortages, and limited industrial coordination [11]. However,
the current wave of green industrial policy, including
initiatives for battery alliances, regional processing hubs, and
resource governance frameworks, signals a growing
recognition of the need to rebalance the battery supply chain
architecture [12].

This paper engages with the critical question: how can the
Global South transition from being an exporter of raw
materials to a strategic actor in value-added battery
manufacturing? Addressing this challenge requires aligning
policy, infrastructure, and finance with sustainability and
equity principles.

1.3 Research Aims, Scope, and Structure of the Article
(150 words)

This article aims to assess the feasibility, policy frameworks,
and strategic implications of establishing localized battery
material processing hubs in the Global South. It explores how
industrial policy can be mobilized to support green growth,
supply chain sovereignty, and equitable participation in the
energy transition [13].

The scope of the study spans the technical, economic,
environmental, and governance dimensions of processing
localization. It draws on case studies, modeling frameworks,
and comparative analysis to identify key enablers and
constraints across various regional contexts. The analysis
focuses on countries with proven reserves of lithium, cobalt,
and nickel, and evaluates their potential to scale value-added
activities while meeting climate and social responsibility
goals [14].

The structure proceeds as follows: Section 2 outlines the
strategic imperatives for localization; Section 3 assesses
technical feasibility; Section 4 presents case studies; Section 5
details policy instruments; Section 6 examines risk
governance; Section 7 evaluates economic dynamics; Section
8 discusses cooperation, and Section 9 concludes with
recommendations [15].
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Figure 1: Global Battery Supply Chain Structure — Raw
Materials to Cells

2. STRATEGIC IMPERATIVES FOR
LOCALIZATION

2.1 Global Trends in Battery Manufacturing and Critical
Mineral Use

The global battery manufacturing sector has expanded
dramatically over the past decade, driven by accelerating
demand for electric vehicles (EVs), grid-scale energy storage,
and portable electronics. Major economies have committed to
decarbonization targets, resulting in exponential growth in
lithium-ion battery production capacity [6]. By 2021, global
battery demand had surpassed 300 GWh, with projections
exceeding 2,000 GWh annually by the early 2030s, reflecting
a structural shift in energy technology deployment [7].

East Asia remains the dominant hub for battery
manufacturing, particularly China, South Korea, and Japan,
which collectively account for over 80% of global cell
production capacity. These countries also control the majority
of processing facilities for key inputs like lithium carbonate,
cobalt sulfate, and nickel sulfate[8]. Despite holding
significant reserves, countries in the Global South contribute
minimally to midstream and downstream battery activities,
reflecting an entrenched asymmetry in global supply
chains [9].

Critical minerals—namely lithium, cobalt, nickel, graphite,
and manganese—are indispensable to cathode and anode
chemistries. Their demand is expected to rise five- to tenfold
by 2030, depending on the battery chemistry pathway and EV
adoption rates [10]. This surge has ignited interest in mineral
security, prompting the development of national strategies,
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public-private partnerships, and stockpiling programs in
mineral-importing countries.

Concurrently, geopolitical risks and supply chain disruptions
have reinforced the need for diversified and localized
processing options. Battery manufacturers and original
equipment manufacturers (OEMSs) are increasingly pursuing
vertically integrated models or forming strategic alliances to
secure upstream material flows[11]. These trends present
both a challenge and an opportunity for emerging economies
to reposition themselves from raw material exporters to
industrial actors with greater value capture potential.

2.2 Dependence on External Processing and Its Risks

The prevailing model of exporting unprocessed critical
minerals to offshore refining centers presents considerable
economic, environmental, and strategic vulnerabilities. As
most mineral-rich countries in the Global South lack local
processing capabilities, they are structurally dependent on a
handful of international players for access to processed battery
inputs [12]. This dependence not only limits domestic value
capture but exposes suppliers to fluctuations in demand, trade
policy changes, and shipping bottlenecks.

Economic risks are amplified by price volatility in global
commodity markets. When countries rely solely on raw
material exports, they face cyclical revenue shocks and
deteriorating terms of trade, especially in the absence of
hedging mechanisms or downstream diversification [13]. This
volatility can undermine fiscal planning and long-term
investment in social infrastructure.

Strategically, reliance on external processing centers
centralizes technological control and intellectual property in
high-income economies. It restricts learning-by-doing
opportunities and reinforces unequal trade relationships,
whereby the environmental and social burdens of extraction
are retained locally, while the economic gains from
refinement and manufacturing are exported [14]. Furthermore,
policy shifts such as export restrictions or tariffs imposed by
importing countries can curtail market access and reduce
national bargaining power.

Disruptions caused by pandemics, geopolitical tensions, and
supply chain blockages further illustrate the fragility of
overcentralized processing networks. In this context, building
regional and domestic refining capacity becomes a resilience
strategy as much as an economic development tool [15].

Table 1 summarizes the comparative value captured through
raw export versus localized processing, illustrating the
substantial economic differential across the supply chain tiers.

2.3 Green Growth, Employment, and Technology
Spillovers

Localizing battery material processing in mineral-rich
developing countries offers substantial potential for green
industrial transformation. By anchoring value-added activities
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closer to the source of extraction, these countries can build
integrated clean-tech clusters that foster inclusive economic
growth, support environmental objectives, and unlock
workforce development opportunities [16]. Unlike traditional
extractive industries, battery material processing aligns with
global decarbonization trends and offers a forward-looking
trajectory for sustainable industrialization.

Green growth in this context entails structural economic
change that decouples environmental degradation from
development. Processing facilities powered by renewable
energy can reduce the embedded emissions of battery supply
chains, positioning countries as competitive low-carbon
producers in an increasingly  climate-conscious
marketplace[17].  Additionally, co-locating  renewable
generation with mineral processing reduces energy Ccosts,
enhances grid stability, and creates new infrastructure that
benefits multiple sectors.

Job creation is a key benefit. While less labor-intensive than
extraction, processing plants offer higher-skilled, higher-wage
employment opportunities in areas such as chemical
engineering, systems maintenance, quality control, and
environmental management [18]. These roles can catalyze
broader human capital formation and create linkages with
vocational training institutions and technical universities.
Moreover, the presence of processing infrastructure attracts
ancillary  services, such as logistics, component
manufacturing, and laboratory testing, creating indirect
employment across value chains.

Technology spillovers also become more feasible when
countries move beyond resource extraction. Local firms,
researchers, and regulators gain access to new knowledge,
standards, and innovation networks. Over time, this can
support the development of homegrown capabilities in
advanced materials, circular economy practices (such as
battery recycling), and clean energy engineering [19].

The cumulative effect is a transition from dependency-based
extractivism toward sovereign participation in the green
economy, aligning economic resilience with climate
responsibility and global competitiveness.

Table 1: Comparative Value Capture — Raw Export vs.
Local Processing
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3. TECHNICAL FEASIBILITY AND
INFRASTRUCTURE READINESS

3.1 Energy Requirements and Renewable Integration in
Processing

Battery material processing is highly energy-intensive,
particularly in the production of refined lithium, nickel
sulfate, and cobalt hydroxide. These processes require
significant heat and electricity inputs for tasks such as ore
crushing, chemical leaching, solvent extraction, and
calcination [11]. For example, the conversion of spodumene to
battery-grade lithium carbonate involves heating feedstock to
over 1,000°C, a process traditionally reliant on fossil fuels. In
nickel and cobalt refining, hydrometallurgical processes
demand high-pressure reactors, chemical stability, and
consistent energy delivery over long operational cycles [12].

In mineral-rich regions of the Global South, these energy
demands collide with grid instability, limited capacity, and
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heavy dependence on diesel or coal baseloads. Such
conditions undermine both the economic and environmental
rationale for local processing. However, the growing
availability of low-cost solar and wind energy presents an
opportunity to decouple processing from carbon-intensive
generation [13].

Renewable integration into processing facilities involves more
than simply sourcing green power. It requires careful
alignment between load profiles and energy generation
curves. Many processes, such as acid leaching and electro-
winning, require uninterrupted supply over extended
durations. As such, hybrid energy systems—combining solar
PV, wind, and battery storage—are needed to ensure
reliability while reducing emissions[14]. In high-insolation
zones like the Sahel, solar-powered thermal energy solutions
are also gaining traction for low- to medium-temperature
applications.

The operationalization of clean-powered processing hubs will
depend on spatial planning and smart energy systems capable
of load scheduling and real-time dispatch. Government
policies that incentivize industrial self-generation or promote
microgrid development can lower barriers to entry. Figure 2
illustrates typical energy and water intensity values across key
processing stages, providing a basis for renewable system
design tailored to specific mineral pathways [15].

3.2 Water, Transport, and Industrial Inputs:
Infrastructure Gaps

While energy is often the focal constraint in discussions about
localizing battery material processing, water, transport, and
supporting industrial  inputs are equally pivotal.
Hydrometallurgical techniques—widely used for lithium,
cobalt, and nickel refinement—consume large volumes of
water for leaching, neutralization, rinsing, and effluent
management [16]. In arid or water-stressed regions,
competition with agriculture and domestic use makes water
sourcing a politically and environmentally sensitive issue.

Processing plants require not only water but water of
sufficient quality and availability throughout the year. In
regions with seasonal variability or dependence on rain-fed
sources, reliable year-round operations may be compromised.
Investment in closed-loop water systems, treatment
infrastructure, and desalination technologies (where
applicable) can mitigate these challenges, though they add to
project complexity and capital intensity [17].

Transport infrastructure is another critical enabler. Processing
plants must be situated near ports, railways, or reliable road
networks to support the inbound movement of raw ore and the
outbound shipment of processed materials. In many mineral-
rich regions, transport corridors are underdeveloped,
increasing the cost and risk of value-added investment. The
absence of dedicated freight capacity, high axle load
restrictions, and poor road maintenance exacerbate logistical
inefficiencies [18].
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Beyond water and transport, localized processing also
depends on consistent supply of reagents, equipment, and
industrial gases. These include sulfuric acid, sodium
hydroxide, hydrogen peroxide, and nitrogen—all of which are
required in controlled volumes and concentrations. Most
emerging economies import these materials, creating
vulnerabilities to global price swings and delivery delays [19].

Addressing these gaps calls for coordinated infrastructure
investment, regional planning, and upstream integration.
Industrial parks or processing zones co-located with utilities,
water access, and chemical suppliers offer a promising
approach. Special economic zones with bundled services can
also reduce transaction costs, attract foreign investors, and
mitigate operational disruptions in the early years of
development.

3.3 Modular and Scalable Processing Technologies

Traditional battery material processing plants are capital-
intensive, large-scale operations optimized for economies of
scale. However, this model may not suit the development
trajectory of many countries in the Global South, where
infrastructure constraints, capital scarcity, and energy
volatility require more flexible approaches. In this context,
modular and scalable processing technologies present a
transformative opportunity [20].

Modular processing systems are engineered as self-contained
units that can be deployed incrementally based on available
feedstock, power supply, and demand. These units often
combine ore sorting, grinding, leaching, and purification in
prefabricated  skid-mounted assemblies. While initial
throughput may be lower than conventional plants, modular
systems can be expanded over time, reducing upfront risk and
aligning investment with market signals [21].

One advantage of modular systems is their adaptability to site-
specific conditions. They can be installed closer to mine sites,
reducing ore transport requirements and associated carbon
emissions. This is particularly beneficial in landlocked
countries or remote regions where bulk logistics pose major
challenges. Additionally, modular systems require smaller
environmental  footprints, facilitating permitting and
Minimizing community disruption [22].

Technological advances are making modular systems
increasingly sophisticated. Pilot deployments of mobile
hydrometallurgical units, low-temperature lithium extraction
modules, and containerized acid regeneration plants have
demonstrated commercial and environmental viability [23].
Some models are designed to operate in off-grid conditions
using containerized solar arrays and battery storage, making
them suitable for frontier settings with minimal infrastructure.

Scalability is also critical to resilience. By allowing phased
expansion, modular systems enable countries to build
technical capacity, develop local suppliers, and train workers
incrementally. They can serve as testbeds for innovation,
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reducing dependence on large foreign-owned facilities and
supporting industrial learning curves.

In sum, modular technologies offer a pragmatic bridge
between raw  material  extraction and  full-scale
industrialization. Their deployment, however, depends on
conducive regulatory frameworks, patient capital, and early
coordination between government and technology providers.

Energy and Water Intensity
Across Processing Stages
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Figure 2: Energy and Water Intensity Across Processing
Stages

4. CASE STUDIES OF EMERGING HUBS

4.1 Indonesia: Nickel Processing and Export Controls

Indonesia has emerged as a pivotal player in the global battery
value chain, primarily due to its vast reserves of laterite
nickel—an essential input in nickel-rich battery chemistries.
In response to sustained demand for electric vehicle (EV)
batteries, the Indonesian government implemented a sweeping
mineral export ban on unprocessed nickel ore, first announced
in 2014 and fully enforced from 2020 onward [14]. The policy
was designed to stimulate domestic processing, attract foreign
direct investment (FDI), and support the emergence of a
downstream industrial base centered around nickel smelting
and battery precursors.

The policy has yielded mixed but significant outcomes. On
one hand, it catalyzed over $30 billion in investment
commitments, much of it from Chinese and South Korean
consortia, and accelerated the construction of integrated
industrial parks in Sulawesi and North Maluku [15]. These
facilities include high-pressure acid leach (HPAL) plants and
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stainless-steel complexes capable of producing nickel sulfate
for battery applications. Indonesia has also begun producing
mixed hydroxide precipitate (MHP), a key intermediary for
EV batteries, positioning itself as a midstream node in the
global supply chain.

However, challenges remain. Environmental and social
concerns have intensified, particularly regarding marine
tailings disposal, deforestation, and community displacement
around smelting zones [16]. Moreover, while the policy
increased in-country value addition, much of the operational
control and technological knowledge remains concentrated in
foreign firms, limiting long-term domestic capability
building [17].

Indonesia’s case illustrates the power of strategic policy in
reshaping global mineral flows, but also highlights the
importance  of balancing industrial ambition  with
environmental protection and local economic inclusion. It
offers lessons on how coordinated export controls can serve as
leverage to develop processing infrastructure, but also
underscores the need for strong regulatory enforcement and
equitable benefit-sharing frameworks.

4.2 Democratic Republic of Congo: Cobalt and Local
Ownership

The Democratic Republic of Congo (DRC) is the world’s
leading producer of cobalt, accounting for approximately 70%
of global supply. Cobalt extracted from the DRC plays a vital
role in stabilizing battery cathodes and improving energy
density in lithium-ion batteries [18]. However, the country’s
position at the forefront of global supply has long been
undermined by a lack of processing infrastructure, weak
governance, and extractive investment models that favor raw
export over domestic industrialization.

Efforts to foster local ownership and downstream value
addition have gained momentum, particularly since the DRC
government reaffirmed its commitment to resource
sovereignty in its 2018 mining code revision [19]. The revised
code raised royalties on strategic minerals, increased
government stakeholding in new projects, and placed
restrictions on foreign subcontracting. In parallel, the state-
owned mining company Gécamines has begun participating
more actively in joint ventures, signaling a strategic pivot
toward greater national control of the cobalt economy.

Despite these shifts, cobalt ore from the DRC continues to be
exported in raw or semi-refined form—mostly to China—for
final processing. This pattern limits employment creation,
technology transfer, and economic diversification. Artisanal
and small-scale mining (ASM) complicates matters further.
ASM accounts for a significant share of production, but is
often informal, underregulated, and linked to hazardous labor
practices, including child labor [20]. These conditions have
drawn scrutiny from human rights groups and battery
manufacturers seeking to ensure ethical sourcing.
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In response, a range of public-private initiatives have emerged
to formalize ASM, including blockchain-based traceability
platforms and cooperatives linked to certified trading centers.
The Congolese government has also proposed establishing a
regional processing zone with neighboring countries like
Zambia, aiming to retain more value within Central
Africa[21].

For the DRC, the path forward lies in combining resource
governance with strategic investment in refining capacity,
workforce development, and social infrastructure. Building a
resilient, locally anchored cobalt economy requires addressing
governance gaps, investing in industrial learning, and
ensuring that the gains from global battery demand translate
into long-term national development.

4.3 Chile: Lithium Governance and Environmental Trade-
offs

Chile is a leading global supplier of lithium, hosting over half
of the world’s known lithium brine reserves in the Atacama
Desert. As demand for lithium surges alongside electric
vehicle (EV) deployment, Chile has played a critical role in
global battery markets, primarily through two key producers:
SQM and Albemarle [22]. While Chile has been lauded for its
regulatory transparency and mineral wealth, it faces
increasing tension between economic objectives and
environmental sustainability in its lithium governance.

Unlike hard-rock lithium extraction, brine-based production
involves pumping mineral-rich groundwater into large
evaporation ponds, where lithium is concentrated over several
months. This method consumes vast amounts of water and
poses significant ecological risks to fragile desert
ecosystems [23]. Indigenous communities in the Atacama
region have expressed concerns about declining water tables,
biodiversity loss, and inadequate consultation mechanisms.
These issues have sparked national debates about the
environmental cost of clean energy supply chains.

In recent years, Chile has sought to rebalance its lithium
strategy. The government has promoted the idea of a “national
lithium company” to enhance public oversight, increase state
revenue, and ensure sustainable resource management [24].
Policy proposals have included mandating technology-sharing
agreements, environmental impact disclosures, and benefit-
sharing models with indigenous communities.

At the same time, Chile has lagged in developing downstream
processing or battery manufacturing capacity, continuing to
export lithium carbonate and hydroxide without capturing
midstream value. High energy costs, limited industrial policy
alignment, and competitive pressure from Australia and China
have contributed to this gap [25].

Chile’s case underscores the complexity of managing strategic
mineral wealth in a way that balances environmental integrity,
social legitimacy, and economic upgrading. Its evolving
lithium governance framework offers valuable insights into
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how resource-rich nations might leverage their assets for
green industrialization—provided sustainability and equity are
embedded in the process from the outset.

Table 2: Policy Instruments Across Selected Case Study
Countries

Key Policy Tools||Notable
Country .
Mineral Implemented QOutcomes
Export ban on raw|(Surge in FDI,
Indonesia||Nickel ore, tax incentives,||construction of]
industrial parks HPAL facilities
Revised mining
code, local
DR ownership Increased state
I equit ESG
Congo Cobalt mandates, ASM g y
. scrutiny
formalization
efforts
Public-private \Water
contracts, governance
Chile Lithium environmental debates,
permits, FPIC||national lithium
requirements plan

Special economic

Zones, Modest  local
South Manganese, ||beneficiation processing
Africa PGMs strategy, growth, energy

infrastructure constraints

subsidies

. . Bilateral

Joint refinery

Zambia Copper, proposals with agreements
Cobalt under

DRC, tax reform
development

5. POLICY DESIGN FOR LOCALIZED
PROCESSING HUBS

5.1 Industrial Incentives: Tax Holidays, Subsidies, Local
Content Rules

Industrial policy instruments such as tax holidays, direct
subsidies, and local content mandates have become central to
the strategic push for battery material processing in mineral-
rich economies. These tools aim to enhance investor
attractiveness, mitigate high upfront capital requirements, and
ensure that value-added activities generate domestic economic
benefits [19]. When appropriately designed and sequenced,
such incentives can tip the balance in favor of localized
production rather than continued reliance on raw material
export.
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Tax holidays and accelerated depreciation allowances
reduce the tax burden during the initial years of project
development. These benefits are particularly effective in
capital-intensive industries like hydrometallurgical refining,
where early-stage losses often deter private sector entry [20].
Countries such as Indonesia and South Africa have used
multi-year tax incentives to attract mineral processing
ventures into special economic zones and industrial corridors.
In some cases, these incentives are layered with duty
exemptions on imported equipment or zero-rating of VAT for
export-oriented activities.

Subsidies, whether tied to capital expenditures, operating
costs, or utility inputs (e.g., energy and water), provide direct
financial support to lower break-even thresholds. While often
criticized for distorting markets, subsidies can catalyze green
industrial ecosystems when tied to performance benchmarks
such as technology transfer, employment targets, or
environmental compliance [21].

Local content rules serve to embed processing projects
within broader national development strategies. These may
include minimum domestic procurement quotas, joint venture
requirements, or thresholds for local employment and
training. In the battery sector, some governments have
extended these rules to include R&D partnerships, mandatory
skills development funds, and preferential treatment for
suppliers of renewable energy and low-carbon inputs [22].

However, incentives must be balanced against fiscal
sustainability, administrative capacity, and global trade
obligations. Incentive fatigue, regulatory opacity, or weak
enforcement can undermine their credibility. For industrial
incentives to be effective in advancing battery processing,
they must be transparent, time-bound, and embedded in a
long-term policy vision that aligns economic goals with
climate, social, and technological priorities.

5.2 Public-Private Models and National Development
Banks

Public-private partnerships (PPPs) and national development
banks (NDBs) have gained renewed relevance as vehicles for
mobilizing long-term capital and de-risking battery material
processing investments. In  many emerging markets,
conventional commercial financing remains limited for high-
capex, technologically intensive projects, especially those
with uncertain offtake or extended construction horizons [23].
To bridge this gap, governments are increasingly leveraging
hybrid finance models that align public mandates with private
innovation and efficiency.

Public-private models vary in structure, ranging from
government equity participation and concessional loans to co-
development platforms and output-linked guarantees. In
Indonesia, for example, the government has partnered with
international consortia to co-finance nickel smelting hubs,
combining sovereign equity with foreign capital and technical
expertise [24]. These models enable risk-sharing, enhance
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creditworthiness, and create stronger alignment between
policy priorities and investor behavior.

National development banks play a catalytic role by
anchoring project pipelines, offering patient capital, and
underwriting strategic infrastructure components such as
roads, substations, and industrial parks. Development finance
institutions in countries like Brazil, India, and South Africa
have been instrumental in supporting renewable energy,
transport, and industrialization programs. In the battery
processing context, NDBs can fund feasibility studies,
guarantee early-stage loans, and offer blended finance
instruments that unlock private co-investment [25].

PPPs also enable vertical coordination across the battery value
chain. Governments can design integrated industrial
frameworks that combine mineral access, processing
incentives, and downstream manufacturing linkages. This
coordination reduces fragmentation and enhances the value
proposition for foreign partners while safeguarding national
interests [26].

Nevertheless, successful PPPs depend on strong institutional
governance, contract enforceability, and regulatory
predictability. Without these, public-private models risk
becoming vehicles for rent-seeking or misaligned objectives.
Embedding transparency, stakeholder engagement, and
accountability mechanisms into these models is essential for
building legitimacy and ensuring that value creation is
equitably distributed across society.

5.3 Strategic Trade Policy and Mineral Resource
Governance

Strategic trade policy and resource governance frameworks
are foundational to shifting the role of mineral-rich countries
from extractive peripheries to industrial centers in the global
battery economy. Historically, the liberalization of mineral
trade has prioritized export growth and foreign investment at
the expense of domestic value addition[27]. Recent
developments, however, suggest a reassertion of state
authority in mineral governance—aimed at aligning trade
policy with national industrial strategies and environmental
stewardship.

Export controls have re-emerged as a key tool for
encouraging domestic processing. Countries like Indonesia
and Zimbabwe have restricted or banned the export of
unprocessed nickel and lithium, respectively, to incentivize
local smelting and refining [28]. These controls can generate
leverage in negotiations with multinational firms, forcing
technology transfers, equity participation, or downstream
investment commitments. Yet such policies must be paired
with domestic capacity-building to avoid production
bottlenecks or reputational risks associated with supply
disruptions.

Bilateral and multilateral trade agreements increasingly
include clauses on critical minerals, clean energy value

www.ijcat.com

chains, and sustainable sourcing. Some governments have
leveraged these agreements to negotiate preferential market
access for value-added battery materials or to secure financing
for processing infrastructure. In contrast, others have used
trade defense instruments—such as anti-dumping duties and
origin labeling requirements—to shield nascent domestic
industries from competition [29].

Resource governance institutions must also evolve.
Transparent licensing regimes, community benefit-sharing
agreements, and environmental impact assessment processes
are essential to ensure that processing projects comply with
national laws and international best practices. Increasingly,
governments are establishing dedicated regulatory bodies or
inter-ministerial task forces to coordinate across mining,
energy, environment, and trade portfolios [30].

Strategic governance must balance long-term national interest
with short-term competitiveness and global integration. A
robust resource governance framework enables mineral-rich
countries to harness their natural endowments for sustainable
industrialization while managing geopolitical volatility,
environmental degradation, and social contestation. In doing
so, it transforms mineral wealth from a source of dependency
into a pillar of sovereign economic empowerment.

Figure 3
Policy Toolkit for
Processing Hub Development

INDUSTRIAL INCENTIVES
« Tax holidays « Subsidies

« Local content
requirements

+ Public-private « Development
partnerships banks

+ Export controls « Regional
agreements

« ESG standards « Permit
requiations

Figure 3: Policy Toolkit for Processing Hub Development

6. ENVIRONMENTAL AND SOCIAL RISK
MANAGEMENT
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6.1 Decarbonizing the Processing Value Chain

Decarbonizing battery material processing is a critical priority
for aligning industrial development with global climate goals.
Despite their role in enabling clean energy technologies,
battery supply chains often carry high embedded emissions,
particularly during the conversion of raw materials such as
lithium, nickel, and cobalt into battery-grade compounds [24].
In emerging economies where fossil fuels dominate electricity
generation, the carbon intensity of refining processes can
significantly erode the environmental benefits of the end-use
applications these materials support.

The primary sources of emissions in battery material
processing are electricity consumption, thermal energy use,
and chemical reagents. High-pressure acid leaching (HPAL),
for instance, relies heavily on steam generation and
mechanical energy, often powered by diesel or coal [25]. In
brine-based lithium production, solar evaporation offers a
low-emission pathway, but subsequent steps involving
calcination and purification remain energy-intensive and
carbon-heavy if fossil-fueled.

Decarbonization strategies must therefore combine energy
substitution, process optimization, and green chemistry
innovation. Energy substitution involves powering refining
plants with renewable electricity—solar, wind, or
hydropower—potentially combined with battery storage or
thermal energy systems. In countries like Chile and South
Africa, where renewable capacity is expanding, policy
frameworks can incentivize co-located clean power generation
for industrial users [26].

Process optimization strategies include heat recovery systems,
electrochemical alternatives to high-temperature reactions,
and modular plant designs that reduce redundancy and
increase efficiency. Additionally, green chemistry techniques
such as bioleaching or solvent extraction using organic
solvents can reduce both energy demand and hazardous waste
generation [27].

Carbon footprint disclosure and emissions accounting are also
gaining traction. Several jurisdictions now require emissions
reporting for industrial projects, and global initiatives like the
Carbon Disclosure Project (CDP) and Science-Based Targets
initiative (SBTi) are encouraging battery producers to track
and reduce Scope 1 and 2 emissions. The convergence of
climate regulation, investor pressure, and customer
expectations is driving a transition toward low-carbon
processing hubs that are not just compliant, but competitively
positioned in a carbon-constrained global economy [28].

6.2 Community Engagement, Indigenous Rights, and
Land Use Conflicts

Battery material extraction and processing frequently occur in
ecologically sensitive and culturally significant territories,
many of which are inhabited or governed by Indigenous and
local communities. As governments and investors pursue
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strategic processing hubs in the Global South, land use
conflicts and violations of community rights have emerged as
prominent risks—social, legal, and reputational [29].

Processing facilities often require access to water, energy, and
transportation corridors, leading to land acquisition processes
that may displace communities or infringe on customary land
tenure. In contexts where legal pluralism governs land
rights—such as customary, statutory, and overlapping
claims—the potential for contestation is high. Disputes over
access, benefit-sharing, and environmental externalities have
triggered resistance movements in countries like Indonesia,
the DRC, and Bolivia [30].

Free, Prior, and Informed Consent (FPIC), as outlined in
the UN Declaration on the Rights of Indigenous Peoples,
provides an internationally recognized standard for
community engagement. However, FPIC is often poorly
implemented or limited to perfunctory consultations. Genuine
engagement must begin early, be sustained throughout the
project lifecycle, and involve accessible information sharing,
trust-building, and mechanisms for grievance redress [31].

Community engagement strategies should go beyond risk
mitigation to foster co-development models, where local
populations participate as stakeholders, workers, suppliers, or
equity holders. Revenue-sharing mechanisms, social
investment funds, and joint planning committees can
institutionalize  long-term  benefit flows. Furthermore,
respecting traditional governance structures and integrating
Indigenous  knowledge into environmental stewardship
frameworks can enhance both project resilience and
legitimacy [32].

Transparent, inclusive, and rights-respecting community
engagement is not only an ethical obligation but a strategic
imperative. Projects that neglect this dimension face higher
risk of delays, litigation, or investor divestment. In contrast,
those that prioritize social license are more likely to operate
sustainably and scale with community backing.

6.3 ESG Standards and Certification for Battery Minerals

Environmental, Social, and Governance (ESG) standards are
rapidly reshaping the global battery industry, with traceability,
ethical sourcing, and sustainability becoming prerequisites for
market access and investor confidence. As end-users—
particularly electric vehicle manufacturers—face pressure to
disclose and reduce the environmental and human rights risks
in their supply chains, upstream producers are increasingly
expected to comply with internationally recognized
certification schemes [33].

Several frameworks have emerged to assess and certify
responsible mineral sourcing. These include the Initiative for
Responsible Mining Assurance (IRMA), the Cobalt Refinery
Supply Chain Due Diligence Standard, and the Responsible
Minerals Initiative (RMI). In the lithium sector, emerging
standards focus on water stewardship, biodiversity, and
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Indigenous rights, while nickel and cobalt schemes emphasize
labor conditions, emissions, and waste management [34].
Certification enables buyers to verify compliance with ESG
benchmarks and supports broader climate and human rights
commitments.

Digital tools such as blockchain-based traceability platforms
and real-time emissions tracking are being deployed to
monitor mineral flows from mine to refinery. These
technologies help verify claims, reduce data manipulation
risks, and streamline reporting to regulators and
shareholders [35]. However, they also require digital
infrastructure, training, and institutional buy-in in producing
countries—factors that are not uniformly distributed across
the Global South.

Governments can play a key role by embedding ESG
requirements into permitting, taxation, and export licensing
frameworks. Mandating third-party audits, public disclosure
of social and environmental performance, and alignment with
global standards can elevate national reputation and attract
premium buyers [36].

While ESG compliance may raise short-term costs, it creates
long-term value by derisking investment, expanding market
access, and aligning with global sustainability transitions. In
the race to build clean energy supply chains, only those
projects that are ethically grounded, environmentally sound,
and transparently governed will endure and thrive in the
evolving battery economy.

Table 3: Comparative ESG Performance Across Major
Mineral Hubs

Country |[Environment [|Social ||Governan |[Key ESG
/ Region ||al Score Score ||ce Score ||Challenges

Land rights
disputes,
High High High emissions
from  hard
rock mining

Australi
a

Pollution
controls
improving;
ow
transparency
in labor|
practices

China Moderate Low Moderate

Country |[Environment |[Social ||Governan ||Key ESG
/ Region (|al Score Score |[ce Score ||Challenges

Water use in
lithium
Chile High Moderat High brlr}e fields;
e Indigenous
consultation

gaps

Deforestatio
n, marine
Indonesi Moderat tailings,
Low Moderate ||.. _g
a e limited
community

transparency

Aurtisanal
mining

DR Low Low Low safety, child
Congo labor, weak
regulatory

enforcement
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7. ECONOMIC VIABILITY AND MARKET
DYNAMICS

7.1 CAPEX, OPEX, and Global Price Sensitivity

Capital expenditure (CAPEX) and operational expenditure
(OPEX) significantly influence the feasibility of localized
battery material processing in the Global South. Establishing
refining facilities for lithium, cobalt, or nickel involves high
upfront investment in industrial infrastructure, energy
systems, water treatment, and emissions control [27]. For
example, building a hydrometallurgical nickel refining plant
can require $500-$800 million, depending on location, scale,
and technology. These figures are compounded by site-
specific costs such as land acquisition, logistics upgrades, and
environmental safeguards.

Operational costs (OPEX), while lower in labor-intensive
economies, remain sensitive to energy tariffs, reagent prices,
water availability, and maintenance regimes. Processing
plants in countries with subsidized or abundant renewable
energy may achieve long-term OPEX competitiveness, but
those relying on imported fuels or chemicals often struggle to
maintain cost parity with integrated refineries in East
Asia [28]. Furthermore, regulatory delays, unpredictable
utility costs, and underdeveloped industrial ecosystems can
increase downtime and reduce financial returns.

Global price sensitivity adds another layer of complexity.
Battery material markets are subject to rapid shifts due to
technological change, demand-supply mismatches, and policy
developments in major consuming regions. Lithium prices, for
instance, surged over 400% between 2020 and 2022 before
partially correcting, affecting the bankability of projects that
assumed stable feedstock or offtake pricing [29]. Cobalt and
nickel have experienced similar volatility, with speculative
trading and geopolitical tensions amplifying fluctuations.

To mitigate such uncertainties, localized processors must

adopt dynamic pricing models, hedge critical inputs, and
secure long-term offtake agreements. Flexible plant designs
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and multi-commodity processing capabilities can also
improve resilience by allowing operators to shift between
materials based on market signals. Government-backed
guarantees or price stabilization funds could further support
nascent projects, enabling them to navigate periods of
volatility without jeopardizing long-term viability [30].

7.2 Risks of Overdependence and Commodity Price
Volatility

While mineral endowments offer strategic advantages,
overdependence on a narrow set of commodities exposes
countries to cyclical vulnerabilities. In many Global South
economies, revenues from lithium, cobalt, or nickel exports
represent a growing share of export income and foreign
exchange reserves[31]. When global demand or prices
contract—due to substitution, recycling, or economic
slowdowns—these economies face sharp fiscal pressures,
employment losses, and macroeconomic instability.

The history of commodity-led development reveals recurring
boom-bust cycles, where short-term windfalls are followed by
structural stagnation. In the case of battery materials,
emerging technologies like sodium-ion batteries or solid-state
chemistries could eventually reduce reliance on traditional
inputs, reshaping demand trajectories [32]. Overinvestment in
a single mineral, without flexible processing capacity or
broader industrial linkages, could leave nations with stranded
assets and weakened fiscal buffers.

Price volatility also distorts planning and undermines investor
confidence. Frequent swings in cobalt or nickel prices—
sometimes driven by market speculation rather than
fundamentals—complicate revenue forecasting and erode the
predictability needed for long-term industrial investment [33].
Moreover, reliance on a limited number of buyers, particularly
in concentrated markets like China or the EU, increases
bargaining asymmetries and geopolitical exposure.

To address these risks, countries must adopt proactive
resource governance strategies, including sovereign wealth
funds, export diversification plans, and flexible fiscal
frameworks that smooth revenue across cycles. Building
institutional capacity to monitor global trends, negotiate
balanced trade agreements, and manage macroeconomic risks
is essential for translating mineral wealth into long-term
stability and prosperity [34].

7.3 Pathways to Export Diversification and Downstream
Integration

Export diversification and downstream integration are
essential strategies for transforming mineral wealth into
sustained industrial development. Rather than exporting raw
or semi-processed materials, countries can capture more value
by producing battery precursors, cathode-active materials, or
even assembling cells and battery packs [35]. Each step closer
to end-use markets increases economic returns, technological
learning, and workforce development potential.
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Diversification strategies begin with upgrading within the
same value chain. For example, lithium producers can
transition from exporting lithium carbonate to producing
lithium hydroxide or cathode precursors tailored to specific
chemistries. Similarly, cobalt-rich economies can develop
capabilities in cobalt sulfate production, alloy manufacturing,
or even portable battery production for local markets [36].
These moves require investments in infrastructure, quality
control, R&D, and market access—but they significantly
improve resilience to upstream price shocks.

Regional integration also offers promising diversification
avenues. By coordinating resource flows, processing
specialization, and market strategies, neighboring countries
can share risks and pool capabilities. For instance, a regional
battery value chain could combine mineral extraction in one
country with refining in another and manufacturing in a third,
underpinned by harmonized regulations and shared logistics
infrastructure [37].

Public policy plays a pivotal role in enabling downstream
integration.  This  includes incentivizing  domestic
procurement, supporting industry-academia partnerships, and
ensuring consistent standards for safety, quality, and
environmental compliance. Export finance, patent protection,
and logistics corridors further support global competitiveness.

By embedding battery processing within broader industrial
strategies—Ilinked to electric mobility, energy storage, and
smart grid applications—Global South countries can shift
from commodity dependence to technology-enabled,
diversified economies. Such a shift is vital for long-term
prosperity and equitable participation in the global energy
transition [38].

Price vs. Value Capture Across
Battery Supply Chain Segments
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Figure 4: Price vs. Value Capture Across Battery Supply
Chain Segments
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8. REGIONAL COOPERATION AND STRATEGIC
ALIGNMENT

8.1 Pan-African and ASEAN Strategies for Shared
Infrastructure

Regional cooperation is increasingly recognized as a
cornerstone of effective industrialization in resource-rich
economies, particularly in the context of battery material
processing. In Africa and Southeast Asia, fragmented markets,
duplicated infrastructure, and small-scale national strategies
have historically undermined efficiency and limited
economies of scale[39]. Shared infrastructure initiatives,
coordinated through regional blocs such as the African Union
(AU) and the Association of Southeast Asian Nations
(ASEAN), offer a pathway to overcome these constraints
while fostering regional value chains and strategic autonomy.

The African Continental Free Trade Area (AfCFTA)
represents a transformative step toward integrated industrial
development. By reducing tariffs, harmonizing standards, and
simplifying cross-border logistics, AfCFTA enables the
creation of regional processing corridors that span mineral-
rich zones and industrial hubs[40]. Countries like the
Democratic Republic of Congo and Zambia have proposed
joint cobalt and copper processing facilities, which could
reduce duplication, lower CAPEX per country, and leverage
complementary strengths in energy, logistics, and skilled
labor.

In ASEAN, the Master Plan on ASEAN Connectivity
(MPAC) includes transnational infrastructure corridors, digital
connectivity initiatives, and energy cooperation frameworks
that support regional integration in clean technology
manufacturing [41]. Indonesia, Vietnam, and the
Philippines—all with critical mineral assets or refining
capabilities—could form a coordinated processing and battery
component cluster if supported by aligned policies and
investment incentives.

Cross-border infrastructure projects—such as shared railways,
power interconnectors, and industrial parks—require strong
governance and dispute resolution mechanisms. Yet when
properly executed, they allow for specialization, reduced
redundancy, and pooled risk. Shared infrastructure can also
facilitate circular economy practices, including regional
recycling centers and common waste treatment facilities [42].

By embedding processing hubs in a regional framework,
African and ASEAN economies can build competitive
ecosystems that support long-term growth, attract investment,
and reduce reliance on single-country operations or external
buyers [43].

8.2 Knowledge Transfer and South-South Cooperation

Beyond physical infrastructure, knowledge transfer is
essential for building the technological and institutional
capabilities required for battery material processing. South-
South cooperation—knowledge exchange among countries in
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the Global South—offers a powerful channel for developing
skills, adapting technologies, and sharing policy innovations
that are more contextually relevant than traditional North-
South models [34].

Countries like Brazil, India, and Malaysia have accumulated
valuable experience in mineral governance, renewable
integration, and industrial policy implementation that can be
shared with emerging battery producers. These lessons
include public-private coordination mechanisms, investment
facilitation platforms, and approaches to balancing
environmental and economic priorities [35]. Technical
cooperation programs—such as those sponsored by the Indian
Technical and Economic Cooperation (ITEC) or Brazil’s
ABC agency—can be scaled to support battery sector
development across Africa, Asia, and Latin America.

Universities and research centers in the Global South are also
playing a growing role in materials science, process
engineering, and ESG monitoring. Bilateral agreements for
academic exchanges, joint laboratories, and open-source data
platforms can accelerate the development of indigenous
innovation ecosystems [36].

Knowledge transfer must also address regulatory design and
enforcement.  Establishing  independent  environmental
agencies, community consultation mechanisms, and
compliance audit frameworks requires institutional learning
that is often best shared among peers navigating similar
development challenges.

South-South cooperation offers the potential to build
solidarity, reduce dependency on proprietary Northern
technologies, and create a shared narrative around just and
inclusive energy transitions. By prioritizing knowledge
exchange alongside capital and technology flows, countries
can more effectively localize battery processing capabilities
and support broader green industrialization strategies [37].

8.3 The Role of Multilateral Institutions and Development
Finance

Multilateral institutions are uniquely positioned to support the
expansion of localized battery material processing through
technical assistance, concessional finance, and policy
alignment. Institutions such as the African Development Bank
(AfDB), Asian Development Bank (ADB), and World Bank
have all launched initiatives aimed at supporting sustainable
mineral extraction and value-added industrialization [38].

Development finance institutions (DFIs) play a critical role in
de-risking early-stage investment and crowding in private
capital. Blended finance mechanisms, where concessional
public funds absorb a portion of the project risk, can make
high-CAPEX processing ventures viable in frontier markets.
Instruments such as partial credit guarantees, sovereign-
backed loans, and performance-linked grants are increasingly
being used to catalyze investment in mineral beneficiation and
clean energy integration [39].
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Policy coherence and regional alignment are also facilitated
by multilateral actors. Through platforms like the Climate
Investment Funds (CIF) or the Global Battery Alliance
(GBA), these institutions provide guidance on harmonizing
ESG standards, promoting responsible sourcing, and
embedding sustainability into industrial strategies [40].

Moreover, multilateral institutions help navigate geopolitical
complexities by mediating between state, private, and civil
society actors. Their involvement adds credibility and
convening power to regional initiatives, making them
attractive to international investors and technology partners.

In sum, multilateral support is essential for scaling up battery
processing in a manner that is climate-aligned, socially
responsible, and economically inclusive. By leveraging both
financial tools and institutional expertise, these actors can
help mineral-rich regions move from policy ambition to
industrial execution.

Strategic Phases for Developining
Localized Processing Hubs

Enabling Policy Environment

Tax incentives, local content
rules, Ncensing

Infrastructure Investment

Energy supplies,
waler access, transport

ESG Integration and
Market Diversification
Decarbonization, ESG standards,
downstream industries

Figure 5: Strategic Phases for Developing Localized
Processing Hubs

9. CONCLUSION AND POLICY
RECOMMENDATIONS

9.1 Summary of Findings and Cross-Cutting Themes

This article has critically examined the emerging opportunity
for localized battery material processing hubs in the Global
South as a strategic lever for green industrialization, economic
diversification, and supply chain sovereignty. Across multiple
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regions—Africa, Southeast Asia, and Latin America—
countries possess abundant reserves of critical minerals such
as lithium, cobalt, and nickel. Yet, most continue to operate at
the lowest rungs of the value chain, exporting raw materials
while importing high-value finished goods.

Our analysis identified several structural bottlenecks to
localized processing, including high capital costs, unreliable
energy access, regulatory fragmentation, and skills shortages.
However, we also highlighted enabling conditions: declining
renewable energy costs, modular processing technologies,
regional trade integration, and growing investor interest in
ethically and sustainably sourced battery materials.

The article emphasized that successful localization requires a
holistic approach—combining technical readiness with policy
innovation, community engagement, and coordinated
infrastructure development. Case studies from Indonesia, the
DRC, and Chile illustrate diverse pathways, risks, and lessons
that can inform national strategies.

Three cross-cutting themes emerged throughout:

1. The necessity of alignment between industrial
policy, environmental governance, and social

equity;

2. The value of regional cooperation to scale
infrastructure, harmonize standards, and pool
capabilities;

3. The centrality of ESG compliance and
traceability in accessing premium markets and
derisking investments.

Localizing battery material processing is not just a
technological or economic issue—it is a governance challenge
that intersects with climate ambition, resource justice, and
global trade dynamics. Addressing it effectively requires long-
term strategic commitment across sectors and stakeholders.

9.2 Policy Roadmap for Sustainable and Sovereign Battery
Processing

To unlock the full potential of localized battery material
processing, governments must adopt a forward-looking policy
roadmap that is context-sensitive, inclusive, and strategically
sequenced. The foundation begins with clear national
strategies that define critical mineral priorities, identify target
segments of the value chain, and map the enabling
infrastructure needed for industrial deployment.

First, financial incentives and regulatory tools must be
optimized to attract long-term investment. This includes tax
holidays, local content requirements, and environmental
performance-linked subsidies. Simultaneously, permitting
processes must be streamlined to reduce investor risk while
ensuring compliance with sustainability criteria.
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Second, energy and logistics planning should be integrated
into mineral processing strategies. Renewable-powered
industrial parks, shared transport corridors, and water-secure
zones should be prioritized in site selection. Modular and
hybrid energy systems should be supported through policy
frameworks that allow for off-grid and microgrid flexibility.

Third, human capital development must be a central pillar.
Vocational programs, partnerships with universities, and
industry-led training centers are needed to build local
expertise in  metallurgy, chemistry, and environmental
management.

Fourth, community engagement and land governance reforms
must be embedded into industrial planning from the outset.
Ensuring Free, Prior, and Informed Consent (FPIC),
transparent benefit-sharing, and meaningful participation will
reduce conflict and strengthen project legitimacy.

Finally, governments should invest in traceability systems and
ESG certification mechanisms, positioning their minerals as
premium, responsible inputs in the global market.

This roadmap requires coordination across ministries,
development banks, regional blocs, and the private sector. It is
only through such integrated planning that localized battery
processing can become both an economic asset and a model of
sustainable industrial sovereignty.

9.3 Final Reflections on Global Equity and the Energy
Transition (200 words)

The energy transition represents a pivotal opportunity to
reshape the global industrial order—but whether it delivers on
equity depends on who captures the value. For too long,
resource-rich countries in the Global South have supplied the
raw materials that fuel global innovation without participating
in its economic rewards. Localizing battery material
processing is an avenue to correct that imbalance, offering
new avenues for employment, innovation, and self-
determination.

However, this is not a guaranteed outcome. Without proactive
policy, strong institutions, and community-centered
development models, the transition risks reproducing
extractive dynamics under a green veneer. It is essential that
battery supply chains are not only decarbonized but also
decolonized—restructured to reflect principles of justice,
accountability, and shared prosperity.

Global equity in the energy transition requires more than
access to minerals—it demands access to knowledge, capital,
and markets. It calls for solidarity among developing
countries and fairer engagement from global institutions and
corporations. As countries seek to move beyond extraction
into value addition, they are not merely building factories—
they are asserting a vision for inclusive, climate-aligned
development. The transition must be just not only in intention
but in outcome. This is the real test of the battery economy's
promise.
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