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Introduction
The urgency for the global world to switch to renewable energy is rooted in stark climate realities. Fossil fuels are responsible for nearly three-quarters of greenhouse gas emissions, driving rising temperatures, and extreme weather. While air pollution for coal, oil, and gas already claims millions of lives each year, renewables now supply close to a third of the world’s electricity. This transition, however, is fundamentally dependent on a suite of Critical Energy Transition Materials (CETMs), such as lithium, cobalt, nickel, copper, and rare earth elements, that form the physical backbone of clean energy technologies. This issue sits at the heart of a difficult paradox: we must extract finite resources from the Earth to build a system that allows us to stop extracting finite resources from the Earth. While the shift aims to support sustainability, the required supply chains often involve environmental degradation, labor exploitation, and intensifying geopolitical weaponization. Consequently, it is1 imperative to analyze the ethical, environmental, and economic challenges of these supply chains and propose cooperative, sustainable solutions.
Definition of Key Terms 
Critical Energy Transition Materials (CETMs)
Critical energy transition materials refers to the minerals and metals essential for clean energy technologies such as solar panels, wind turbines, and electric vehicle (EV) batteries. Lithium, cobalt, nickel, and rare earth elements are some common examples.
Supply Chain
A supply chain is the entire network of processes and actors involved in extracting, processing, transporting, and delivering materials from mines to consumer products for utilization. For CETMs, supply chains are often global, complex, and geographically concentrated in a few countries. 
Battery Passport
A digitized record for batteries that track Environmental, Social, and Governance (ESG) performance, recycled content, and material origin. As of 2025, these have become a vital tool for ensuring transparency in the EU and global markets. 
Direct Lithium Extraction (DLE)
This is an emerging technological process that extracts lithium from brine using selective membranes, significantly reducing the massive water evaporation required by traditional ponds. 
Artisanal and Small-Scale Mining (ASM)
Artisanal and small-scale mining refers to mining activities carried out by individuals, families, or small groups using basic tools and techniques, often outside formal regulation. ASM is a major source of critical minerals like cobalt, especially in countries such as the Democratic Republic of Congo. While it provides livelihoods for millions, it is frequently linked to unsafe working conditions, child labor, and environmental degradation.
Circular Economy
Circular economy is an economic model that aims to minimize waste and maximize resource efficiency by keeping materials in use for as long as possible. In the context of energy transition materials, this means recycling metals from old batteries, reusing components, and designing products for durability and repair. The circular economy reduces dependence on new mining and lowers environmental impacts.
Due Diligence
Due diligence refers to the process by which companies identify, prevent, mitigate, and account for actual or potential human rights, environmental, and governance risks within their supply chains. In the context of CETMs, due diligence frameworks such as the OECD Guidance require continuous risk assessment, transparency, and corrective action rather than one-time compliance. 
History & Developments 
Acceleration of global demand for critical materials
The global energy transition has significantly accelerated demand for critical energy transition materials. In 2024 alone, global lithium demand increased by nearly 30%, while demand for nickel, cobalt, graphite, and rare earth elements rose by approximately 6-8%. Projections indicate that by 2030, electric vehicles will account for more than half of total global lithium demand, placing strain on existing supply chains and extraction systems. The rapid growth in demand has exposed fundamental weaknesses in current CETM supply chains, including overreliance on geographically concentrated production, limited processing diversification, and insufficient ethical oversight. These vulnerabilities have intensified concerns regarding environmental sustainability, labor rights, and geopolitical stability, prompting renewed international attention and policy intervention. 
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Figure #1: Comparison of mineral requirements for electric vs. Conventional vehicles, illustrating the increased mineral intensity of the green energy transition.
Geographic concentration of resources and processing capacity
The global supply of CETMs is highly geographically concentrated, creating structural vulnerabilities within supply chains. For example, the Democratic Republic of Congo (DRC) dominates cobalt production, producing about 70% of the world’s cobalt, much of it through artisanal and small-scale mining. The “Lithium Triangle” of Chile, Argentina, and Bolivia holds over 50% of global lithium reserves, with Chile alone accounting for nearly 30% of global production. In addition to extraction, processing and refining capacities are even more concentrated than raw material production. Certain nations, such as China, possess dominant control over midstream processing, controlling nearly 90% of processing capacity. In 2025, this led to mineral diplomacy, where export controls on graphite and gallium were used as leverage in international disputes, increasing the risk of supply chain fragmentation.
Environmental consequences
Water depletion and land degradation
The extraction and processing of these critical energy transition materials also carry serious environmental consequences. Lithium brine extraction requires large volumes of water (up to 500,000 gallons per ton of lithium), placing immense strain on dry ecosystems in Chile's Atacama Desert and threatening local water security. The Water-Energy Nexus has become a tipping point in 2026, as local communities protest the depletion of ancestral water tables.
Pollution and ecological damage
Rare earth element processing also generates toxic byproducts such as radioactive waste that can contaminate soil and groundwater if not properly managed, while open-pit mining for cobalt and nickel contributes to deforestation, habitat destruction, and long-term land degradation. While the energy transition aims to mitigate climate change, unsustainable mining practices risk undermining these objectives by shifting environmental harm from fossil fuel consumption to mineral extraction, creating a new set of environmental challenges.
Social and ethical issues
Beyond environmental concerns, ethical concerns remain a central challenge within critical mineral supply chains. In regions where governance structures are weak, mining activities have been linked to unsafe working conditions, inadequate labor protections, and exploitative practices within artisanal and small-scale mining sectors. Workers in these environments often lack access to formal contracts and health protection, leaving them vulnerable to abuse. ASM, particularly in cobalt supply chains, is frequently associated with child labor and unsafe working conditions. Weak governance and corruption in these regions further hinder accountability and perpetuate exploitation. These issues highlight the urgent need for due diligence frameworks, such as the OECD’s guidance on responsible mineral supply chains, to ensure human rights are respected.
Geopolitical tensions surrounding resource control and monopolies
The strategic importance of critical energy transition materials has elevated them to a matter of national security and geopolitical competition. States with dominant control over extraction or processing capabilities may leverage these positions to gain economic or political influence. This has raised concerns over monopolistic practices, export restrictions, and supply manipulation, particularly during periods of diplomatic tension. As countries accelerate their transitions toward renewable energy systems, competition for secure and diversified access to materials has intensified. This has contributed to the formation of resource-based alliances, trade barriers, and strategic stockpiling, further complicating international cooperation and increasing the risk of supply chain fragmentation.

Major Parties Involved 
Democratic Republic of Congo (DRC)
DRC is the world’s leading cobalt producer, supplying about 70% of global output. Much of this comes from artisanal and small-scale mining, which is often linked to child labor, unsafe working conditions, and weak governance. Corruption and lack of enforcement exacerbate human rights concerns, making the DRC a focal point in debates over ethical sourcing.
China
China dominates the midstream and downstream stages of critical mineral supply chains. It controls 85-90% of global rare earth processing capacity and is a major player in lithium refining and battery manufacturing. This dominance allows China to exert significant influence over pricing, availability, and global market stability, raising concerns about monopolistic practices and geopolitical leverage.
Indonesia
Now the world’s largest nickel producer (supplying over 60% of global nickel), Indonesia has implemented a down streaming policy, banning the export of raw nickel to force domestic refining. Much of this industry is currently funded by Chinese investment, creating a complex web of dependency for Western EV makers.
Australia
A mining superpower that has become the world’s largest producer of hard-rock lithium. Australia is positioning itself as the primary ethical alternative to Chinese and DRC-sourced materials, focusing on high standard ESG compliance.
Chile, Argentina, Bolivia (Lithium Triangle)
Together, these three countries hold over half of the world’s lithium reserves. Chile alone accounts for nearly 30% of global lithium production, while Argentina and Bolivia are expanding rapidly. The region faces challenges related to water depletion, indigenous land rights, and balancing economic development with environmental sustainability.

Timeline of Events
	Date
	Event Name
	Description

	2011
	UN Guiding Principles on Business and Human Rights
	Established global norms for corporate responsibility and human rights due diligence in supply chains.

	April 2016
	OECD Due Diligence Guidance (3rd Edition)
	Introduced a standardized framework for responsible mineral sourcing from high-risk areas.

	2017
	Expansion of EITI Membership
	Over 50 countries committed to transparency in extractive industries

	2021
	IEA Critical Minerals Report
	Highlighted the role of CETMs in clean energy transitions and warned of supply risks. 

	June 2022
	Minerals Security Partnership (MSP)
	Launched to secure diversified and sustainable critical mineral supply chains. 

	August 2022
	U.S. Inflation Reduction Act
	Linked EV subsidies to ethical and domestic mineral sourcing requirements.

	July 2023
	EU Battery Regulation (2023/1542)
	Introduced legally binding due diligence, recycling, and carbon footprint rules.

	June 2025
	G7 Critical Minerals Action Plan
	Promoted standards-based markets markets for responsibly sourced minerals.



Previous Attempts to Solve the Issue
[bookmark: _Int_hEXmqIyQ]Over the past decade, the international community has introduced a range of frameworks aimed at improving ethical and environmental standards within global mineral supply chains. One of the earliest efforts was the United Nations Guiding Principles on Business and Human Rights (2011), which outlined the responsibilities of both states and corporations in preventing human rights abuses linked to business activities. Although widely endorsed, the principles remain non-binding, limiting enforcement in high-risk mining regions. 
[bookmark: _Int_WmBdIMsP]Building on this approach, the OECD Due Diligence Guidance for Responsible Supply Chains of Minerals (2016) provided companies with a more structured risk-based framework for companies sourcing minerals from conflict-affected and high-risk areas. Despite its strong influence, implementation has remained uneven, particularly within ASM sectors where regulatory capacity is often limited. 
Efforts to improve governance and transparency was further advanced through the Extractive Industries Transparency Initiatives (EITI), which expanded throughout the 2010s, with over 50 countries joining to promote revenue transparency and governance in extractive industries. However, corruption and weak domestic enforcement have continued to undermine its effectiveness in several resource0rich states. 
In parallel, private-sector actors introduced voluntary certification schemes such as the Responsible Minerals Initiative (RMI), which seeks to promote ethical sourcing through audits and reporting standards. While RMI has helped raise awareness and standardize best practices, participation remains voluntary, limiting its reach and effectiveness across global supply chains. 
More recently, geopolitical concerns over supply security prompted the creation of the Minerals Security Partnership (2022), bringing together major consumer economies (the United States, European Union, Japan, and South Korea) to coordinate investments and reduce dependence on concentrated suppliers. Although the initiative addresses strategic vulnerabilities, critics argue that it insufficiently involves producer nations, potentially reinforcing existing power imbalances and inclusiveness. 
Regulatory approaches have also begun to emerge. The European Union Battery Regulation (2023/1542) introduced mandatory due diligence, carbon footprint disclosure, and recycling requirements for batteries placed on the EU market. This regulation represents one of the first legally binding frameworks governing CETM supply chains but is limited in geographic scope.
At the multilateral level, the G7 Critical Minerals Action Plan (2025) aimed to promote standards-based markets incentivizing minerals produced under high environmental and labor standards through premium pricing. While ambitious, its success depends on coordination with producer states and private-sector compliance. 

Possible Solutions
Addressing this issue requires a multi-layered approach that combines national legislation, environmental safeguards, and international cooperation. Since international bodies lack the authority to legally bind sovereign states, a key solution lies in the strengthening of domestic enforcement mechanisms. Existing frameworks, such as the OECD Due Diligence Guidance and the UN Guiding Principles on Business and Human Rights, should serve as the blueprint for mandatory national due diligence legislation. By enacting such laws, member states can require companies to proof-check their entire supply chains for human rights abuses (such as child labor or toxic waste dumping) as a condition for market access. Transparency can be further enhanced through the implementation of Global Battery Passports, allowing for digital tracking of materials. 
Equally important is the promotion of sustainable mining through technological and social formalization. To solve the water crisis in lithium-rich regions, international development funding should be diverted toward DLE technologies. To ensure these technological gains reach the local level, member states should pursue ESG-Conditional Partnerships. Instead of prioritizing the lowest cost, consumer nations can use trade levers, such as tax breaks or preferential trade status, to reward producer nations that formalize ASM into legal cooperatives. This provides miners with safety equipment and fair-trade access, directly addressing the social exploitation currently found in cobalt and nickel supply chains.
Finally, advancing circular economy solutions offers the only long-term path to reducing primary extraction. Member states must move beyond voluntary recycling to implement regulatory push mechanisms, specifically an Extended Producer Responsibility (EPR) plan. Under EPR, manufacturers are legally and financially responsible for the collection and processing of batteries at the end of their life cycle. When combined with recycled content mandates (requiring a specific percentage of urban mined minerals in all new batteries), these policies reduce the need for new, environmentally damaging mines. By expanding multilateral platforms like the Minerals Security Partnership (MSP) to include producer nations and civil society, the international community can ensure the energy transition is not only technologically feasible but also ethical and inclusive.
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