
Critical Minerals and the New
Energy Dependency

The next industrial frontier isn’t the sun — it’s the mine. As solar, wind, and battery industries expand, the world’s clean energy
transition is colliding with a new bottleneck: China’s tightening grip on critical mineral exports. With Beijing’s latest restrictions on
rare earths and graphite, nations are realising that energy independence now hinges on mineral security as much as technology. The
refining dominance of China, combined with global recycling shortfalls and fragile supply diversification, is reshaping geopolitics.
The race to control the mineral foundations of the energy economy will determine who leads — and who lags — in the decades
ahead.
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The 21st century's energy transition hinges not on fossil fuels, but on finite minerals. As solar photovoltaic deployment accelerates towards 
one terawatt annually, a new dependency emerges4one rooted in copper, silicon, and silver rather than oil and gas. This analysis examines 
the geopolitical, supply chain, and strategic implications of critical mineral dependency in the solar age, offering insights for policymakers, 
investors, and industry leaders navigating this complex landscape.



The New Oil of the Solar Age

 but on finite transition minerals like lithium,
cobalt, copper, and nickel.

1.Rising Demand: Between 2024 and
2030, global demand for energy-
transition minerals is set to surge by 40–
70%, driven by EVs, solar, and storage
expansion.

2.Concentrated Supply: Mining is
dominated by Australia, Congo, Chile,
and Indonesia, but China controls over
60% of refining capacity, giving it
strategic leverage in global clean-tech
supply chains.

3.Shifting Power Dynamics: Control over
mineral refining, not extraction, now
defines energy security—reshaping
geopolitics as nations compete for
green-era sovereignty.



Key Mineral Demand and Supply Gaps

China controls 70–90% of global
refining for lithium, cobalt, graphite,
and rare earths, creating deep supply-
chain vulnerabilities.
China’s recent export curbs on rare
earths have disrupted semiconductor
and EV industries, causing global price
volatility.
Recycling rates are below 1% for key
minerals, heightening pressure on
primary extraction and supply
sustainability.



The Geopolitical Imbalance: Refining Concentration
 

China Share (%) Other Regions (%)

Geopolitical Consequences:

Price Volatility: A single export ban or supply shock can distort global prices for years, as demonstrated by China's 2010 rare earth export restrictions

Policy Weaponisation: Resource nationalism is becoming a strategic lever, from Indonesia's nickel ore restrictions to China's recent graphite export controls

Technology Lock-in: Dependence on one refining pathway reduces innovation diversity and creates path dependencies that are difficult to reverse

Supply Chain Vulnerability: Concentration creates single points of failure that can cascade through global clean energy deployment

Mineral supplychainsare moreconcentrated todaythanoil ever was during the1970senergycrises. Threecountries4China, the Democratic Republic of Congo, and Indonesia4control over 80% of transition 
mineral refiningcapacity. Thisconcentration extendsacross the entire value chain,fromextractionto processingtohigh-purity refinement.
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Regional Diversification Pipeline
 The new energy dependency has sparked a global race to localise supply chains and reduce reliance on dominant suppliers. Australia, the United States, Brazil, and India are emerging 

as strategic challengers to China's mineral dominance. These initiatives represent over USD 200 million of new investment, though diversification timelines.

Country/Region

Australia

Key Investments & Projects 

WA Rare Earths Refinery (Iluka/RareX); Lynas 
expansions

Focus Minerals

REEs, Nickel, Lithium

Commission Year

2026

United States Lithium, Graphite, Copper 2025-2030

Brazil Vale expansions; Altmin Lithium Refinery (32kt LCE 
capacity)

Nickel, Lithium Carbonate 2026-2027

Canada Saskatoon Rare Earth Processing Hub REE Separation 2026

India Gujarat & Odisha silicon clusters; Australia-India 
cooperation

High-Purity Silicon, Multiple 2027-2029

Timeline Reality: Whilst these projects are promising, diversification takes considerable time. Mine development requires 7310 years from discovery to production, whilst refining 
capacity takes 335 years to commission. During the critical 2024-2028 period, the world remains substantially tethered to existing and highly concentrated supply chains.

First major non-China REE 
supply chain

+700kt copper equivalent; 

Strategic Impact

American refining 
hub; 

(10kt capacity)

Asia's alternative 
polysilicon base; 10% global 

supply target by 2030

India's first overseas 
lithium processing Strategic

North American 
counter to China controls 

Inflation Reduction Act incentives; multiple critical 
minerals projects



Innovation as the New Mining

 Silver-Free PV Cells

 

AI-Driven Material Mapping

 

Digital Product Passports

 

Thin-Film & Perovskite Tandems

 Emerging copper and aluminium conductor technologies can
reduce silver intensity by 80-90%, addressing both cost and
supply constraints. Several manufacturers are piloting copper-
plated contact designs with comparable efficiency to silver.

Machine learning algorithms optimise recycling yields by
identifying high-value material concentrations in waste
streams. This can improve recovery rates by 15-25% and reduce
processing costs.

Blockchain-enabled materialtracking systems create 
transparency across supply chains, enabling efficient end-of-
life material recovery and regulatory compliance for circular
economy mandates.

Each technology decouples solar growth from mineral scarcity the same way digital platforms decoupled economic growth from 
physical assets in the last decade. Material efficiency and substitution are becoming as critical as new mining operations. The solar 
industry must transition from a linear "take-make-dispose" model to a circular "design-use-return" paradigm. Innovation in materials 
science, manufacturing processes, and recycling technology represents the most scalable pathway to supply security.

Next-generation cell architectures reduce silicon intensity by 
30% whilst maintaining or improving efficiency. Perovskite-
silicon tandem cells achieve >30% efficiency with significantly
lower material requirements.



The Strategic Imperative for India

 For India,mineral security is not merely an industrial issue but a national
energy sovereignty goal. The National Green Hydrogen Mission and 
Production-Linked Incentive (PLI) scheme for Solar Manufacturing already 
acknowledges this strategic imperative. India's next step should be the creation 
of a National Critical Minerals Authority (NCMA) to coordinate policy, 
investment, and technology development.

Recommended NCMA Functions:

1.Domestic Exploration & Refining: Accelerate geological surveys and 

2030 Production Target

India could supply 10% of global polysilicon and 15% of refined copper
with coordinated policy and industry alignment, reducing import 
dependency.

Gujarat & Odisha Clusters

Silicon manufacturing hubs commissioned 2027-2029 will establish India as
Asia's alternative polysilicon base, supporting both domestic and export
markets.

incentivise domestic processing capacity for rare earths, lithium, and high-
purity silicon

2.Strategic Stockpiling: Establish critical mineral reserves similar to 
petroleum strategic reserves

3.Recycling Infrastructure: Mandate recycling zones within solar parks and 

SEZs with appropriate fiscal incentives Recycling Leadership
India's vast installed solar capacity (projected 500+ GW by 2030) will create 
the world's third-largest decommissioning stream, an opportunity for 
circular economy leadership.

4.Digital Traceability: Launch blockchain-based supply chain transparency 

framework for PV manufacturing

5.International Partnerships: Deepen Australia-India cooperation and 
diversify sourcing through strategic bilateral agreements

India's demographic dividend, manufacturing capabilities, and domestic market scale position it uniquely to become a critical node in diversified global supply 
chains. However, this requires immediate, coordinated action across policy, investment, technology development, and international cooperation.



From Dependency to Resilience

 

Mandate design-for-recycling and create collection infrastructure now, before
decommissioning peaks

Reduce single-source dependencies through strategic partnerships and domestic capacity
development

Create coordinated national frameworks for critical minerals security

Invest in material substitution, efficiency improvements, and recycling technology

"Energy independence in the 21st century will belong not to those who dig deeper, but to those who design smarter."
Dr Sanjay Vashishtha

The clean-energy future is being built with materials still mined in the old way. The real transition will begin when solar factories behave like forests harvesting, regenerating, and recycling their 
own resources in closed-loop systems.

Strategic Pathways Forward:

Firstgreen Consulting provides strategic advisory services on renewable energy policy, supply chain resilience, and sustainable technology deployment. For detailed analysis or consulting enquiries,
contact Dr Sanjay Vashishtha at ceo@firstgreen.co
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Build Circular Systems

Diversify Supply Chains

Establish Governance

Accelerate Innovation
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IN THE ERA OF CLEAN ENERGY, THE GREATEST
POWER LIES IN THE ELEMENTS BENEATH OUR FEET.

This report has traced how the solar revolution is now shaped as much
by geology and refining capacity as by sunlight. The resilience of
clean energy will depend not just on deployment, but on secure,
circular, and diversified mineral systems.



About Firstgreen Consulting
 

 Firstgreen Consulting Pvt. Ltd. is a leading renewable energy and sustainability advisory firm
headquartered in Gurugram, India. Established in 2010, the company has emerged as a trusted
partner to governments, development agencies, and private corporations in advancing clean-
energy transitions across Asia, Africa, and the Pacific.
Firstgreen specializes in solar PV engineering, energy efficiency, carbon markets, and green-
building certification. Its portfolio includes over 1 GW of solar PV design and project
management, and numerous assignments supported by MNRE, the International Solar Alliance
(ISA), the World Bank, GIZ, UNDP, and ADB. The firm’s services span the entire project cycle—
from feasibility assessment and regulatory frameworks to detailed design, EPC management,
and sustainability reporting.
A pioneer in net-zero strategy and ESG integration, Firstgreen has delivered landmark projects
such as DLF Cyber City’s Net Zero Energy roadmap, HCL’s Net Zero Water campus, and
embassy-grade LEED and IGBC certifications. Internationally, it has contributed to solar policy
development and energy-transition planning in countries including Bhutan, Mozambique,
Kenya, and Nepal.
Driven by data-centric innovation, Firstgreen combines engineering analytics, digital
modeling, and climate finance expertise to create scalable, bankable solutions for the
renewable-energy ecosystem. Its interdisciplinary team of engineers, economists, and
sustainability experts continues to lead with research, policy insight, and technical excellence
—helping clients achieve measurable decarbonization outcomes.

Total investment facilitated

Across public and private sectors

Renewable projects under advisory

Leading India's energy transition

Contact Information

Firstgreen Consulting Pvt Ltd; U26/6 DLF PH III Gurgaon 122002

Email: info@firstgreen.co; Phone: +91-12443523904

Website: www.firstgreen.co
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