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ABSTRACT

The metal supply chains involve different things, extraction, processing, distribution, and
recycling of rare earth metals. These chains are reliant on technology, where distribution can
impact global industries and impact mining and processing, causing habitat destruction, waste
and pollution. Major such challenges include uneven global distribution and geopolitical
tensions. This paper explores dynamic industry and industrial instability. Geopolitical risks like
export restrictions for example, China's quota and reliance on imports, these export
vulnerabilities and lack of investment in resource-rich countries, which lead to complications in
supply chains. Recycling and circular economy challenges will be discussed in the high cost of
recycling and the larger scale of initiatives, and the need for more sustainable practices.

Keywords: Geopolitical, Environmental, Strategic, Globalization
1. Introduction

The Earth Metal Supply Chain refers to the system involved in the extraction, processing,
distribution, and recycling of rare earth metals, a group of 17 chemical elements critical for
various advanced technologies. There are many key steps in the supply chain. For example, the
mining and extraction, then the refining process and manufacturing, then the distribution, and
followed by the recycling. The mining and the extraction process is whereby rare earth metals
are mined from ore deposits, often in geologically specific locations and mined. The Refining is
done by extracting metals and undergoing complex and energy-intensive processes to isolate the
usable materials. The Manufacturing process is whereby Metals are integrated into products such
as magnets, batteries, and semiconductors. The Recycling process is the use of materials from
old devices and components to ensure there is resource sustainability.

There is a high significance of the Rare Earth Metal Supply Chain, such as Technological
Dependency, whereby the rare earth metals are essential for technologies like smartphones, wind
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turbines, electric vehicles, and satellites. A disruption in the supply chain can significantly
impact global tech industries. Another significant issue is Environmental Impacts such as Mining
and processing rare earth metals, which often cause significant environmental degradation,
including habitat destruction, toxic waste production, and water pollution. Developing
sustainable practices and recycling methods is critical. The Challenges in the Supply Chain are
that there is Limited and uneven global distribution of rare earth deposits. Another one is that
there are environmental costs of extraction and processing, and lastly, the trade restrictions and
geopolitical disputes.

This paper will be addressing Market Dynamics and Price Volatility, such as the Supply-
Demand Imbalances and the Price Manipulation whereby Nations or corporations can control
major portions of the supply chain and can influence prices, creating instability for dependent
industries. Will be discussing the Geopolitical Risks, such as Export Restrictions, whereby
Policies like China's export quotas highlight how governments can leverage their dominance for
economic or political purposes. Another geopolitical challenge is Dependence on Imports, where
Countries that lack domestic reserves or refining capacity face vulnerabilities in securing a stable
supply. Highlighting the barriers to Entry and Refining Costs. Such as High Capital Investment
like Mining and processing facilities, which require significant upfront investment, and a Lack of
Infrastructure, where many countries with rare earth reserves lack the necessary infrastructure to
capitalize economically. Also, i will be focusing on the Recycling and Circular Economy
Challenges, such as High Recycling Costs and Limited Recycling Infrastructure. These can lead
to global supply chain disruptions, such as pandemic Impact, such as COVID-19, it can also lead
to Long-Term Economic Sustainability, such as Finite Resources, where rare earth metals are not
infinitely available. The over-extraction of metals may lead to resource depletion and drive
future scarcity and economic stress. It can also lead to substitute development, and that industries
are researching alternatives to rare earth metals, such as potentially disrupting the current market
dynamics. These things can also lead to economic risks for developing countries, such as where
rich Countries are in rare earth metals, and they may face economic challenges like corruption,
unequal wealth distribution, or over-reliance on resource exports. There can also be Unequal
Benefits: Developing nations often provide raw materials but see limited economic benefit
because high-value processing occurs in industrialized countries.

2. Literature Review

The study focuses on the economic difficulties in rare earth metal supply chains, examining
topics such as global market dynamics, geopolitical threats, environmental effects, and the
obstacles faced by developing countries. It aims to draw attention to the importance of rare earth
metals for sustainability and technology, while addressing issues like supply-demand
imbalances, the high costs of recycling and refining, and the unequal distribution of economic
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advantages.

China controls the supply chain for rare earth elements (REESs). Since 2010, export limitations
have led to shortages and price increases. Results to special qualities and a lack of alternatives,
REEs are strategically significant. REEs dominate 70% of rare earth mining and 85% of refining,
outsources mining to Myanmar while maintaining processing (Speed, 2023). China controls 85%
of global rare earth processing and 92% of magnet production. China holds 72.5% of global rare-
earth reserves. Additionally, China controls 58% of global REE production. Major deposits like
Bayan Obo (China) contribute 33% of global REE resources. The demand for heavy REEs (e.g.,
neodymium) is expected to rise, driven by clean energy.

Environmental and Sustainability Challenges are a recurring theme across papers. The mining
and processing of rare earth elements (REES) involve serious environmental problems, such as
radioactive waste and high energy and water consumption. Rare earth mining causes water
pollution, landslides, and radioactive ( Mohommad, 2019). The mining produces toxic waste,
harming ecosystems. REE mining creates significant radiation and waste issues.

While Recycling provides a sustainable supply alternative, it is not as advanced as the well-
established recycling of precious metals. Recycling provides a sustainable supply alternative, but
it is not as advanced as the well-established recycling of precious ( Ghahreman, 2024). Only 1%
of REEs are recycled globally. Nations are exploring alternative supply sources, developing
substitutes, and investing in recycling technologies to mitigate their reliance. Initiatives for
recycling and non-Chinese REE sources are emerging to lessen reliance on China and meet the
rising demand for green ( Xinyue, 2017). The strategic significance of Rare earth elements
(REEs) spans across defense systems, clean energy, and technology. Materials often serve both
civilian and military needs in industrial policy. Renewable energy technologies, despite their
environmental benefits on rare earth elements (REES), creating new vulnerabilities (Pawar,
2022). The rare earth market's sustainability depends on the growing demand for renewable
technologies and stabilizing the market. Electric vehicles could increase demand for neodymium
by 11 times by 2032.

Export limitations have led to shortages and price increases. Political instability in oil-rich
regions has pushed nations toward renewables. COVID-19 disrupted 75% of global platinum
(Pawar, 2022). The Russia-Ukraine conflict spiked nickel and cobalt prices. Risks spread across
the mining, refining, and distribution stages. China controls the supply chain for rare earth
elements (REEs). Since 2010, export limitations have led to shortages and price increases.
Results to the special qualities and lack of alternatives, REEs are strategically significant. REEs
dominate 70% of rare earth mining and 85% of refining, outsources mining to Myanmar while
maintaining processing (Hensel, 2023). China controls 85% of global rare earth processing and
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92% of magnet production. China holds 72.5% of global rare-earth reserves. Additionally, China
controls 58% of global REE production. Major deposits like Bayan Obo (China) contribute 33%
of global REE resources. The demand for heavy REEs (e.g., neodymium) is expected to rise,
driven by clean energy (Worrall, 2024).

2.1 Impact of Earth Metal Supply Chain Dynamics on Economic Performance and
Industrial Sectors

Rare earth metals are 17 elements. These include Lanthanum (La), Cerium (Ce), Praseodymium
(Pr), Neodymium (Nd. These are essential for high-tech industries, renewable energy, and
defense but are challenging to extract and refine, making it critical to global supply chains and
geopolitics. Supply chain dynamics include availability, extraction, processing ( Elsawah, 2024).
Availability refers to the ability of industries and countries to access and secure stable rare earth
metals. Extraction refers to the process of removing rare earth metals from the earth's crust,
Examples include mining, crushing and grinding, extrancion, and chemical processing and (
Drysdale, 2021). Processing refers to the steps taken after extraction to separate, purify and refine
rare earth metal supply. Distribution in the context of rare earth elements (REES) refers to how
these elements are geographically and economically spread across different regions from natural
to industrial supply (Chalaris, 2024).

Economic performance and industrial sectors are highly dependent on these supply chains as
these supply chains are essential for high-tech industries and factories, which help to build goods
and services, which are based on the economic performance of a country. If the factories have
low production, then low consumption leading to low demand from the economy, can lead to
low consumption and therefore low economic ( Ewing, 2023). Industrial sectors are dependent
as they are critical materials for the industry, and they are also irreplaceable as they have
chemical and magnetic properties that cannot be substituted.

For instance, Radar systems using Yttrium and gadolinium enhance radar performance in
advanced defense ( Cerutti, 2019). Additionally, in Jet Engines & Stealth Technology, rare earth
alloys improve heat resistance in jet engines and are used in stealth coatings for military aircraft.
However, the over-reliance of China-controlled supply chains poses crucial national Security
concerns, raising concerns about supply disruptions during geoeconomic ( Xinyue, 2017).

The US, EU, and Japan have declared rare earths as strategic materials and are investing in
domestic production and partnerships. For instance, trade and economic competitiveness have a
significant influence on this., High rare earth prices raise expenses for the defence, technology,
and green energy sectors, lowering their global competitiveness.. Production and innovation are
impacted by supply chain instability in these REE-dependent (Worrall,2024). Supply chains are
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protected by policies to better navigate the evolving global arena. As an example of
diversification, the nations are funding mining initiatives outside of China, Australia, Canada,
and Africa. Additionally, in order to protect themselves against supply disruptions, the US and
Japan are accumulating strategic (Depraiter, 2023). In addition to recycling and innovation,
businesses are also looking into alternative materials and rare earth recycling as ways to reduce
reliance. The reliance mentioned here refers to dependence on rare earth metals. Many countries
and industries rely on these elements for manufacturing advanced technologies, including
electronics, renewable energy solutions, and military equipment.

When a specific step in the refining process is unable to manage the volume of incoming
materials in a timely manner, it results in a bottleneck, which can lead to delays or decreased
production. Geopolitical disruptions such as trade wars and export restrictions create supply
shortages and uncertainty. A case study of supply shocks is the US-China trade war. During the
2018-2020 US-China trade war, China's export threats drove rare earth prices up, prompting the
US to boost domestic mining and global partnerships. This comes with environmental and
regulatory pressures, such as high cost of sustainable processing and (Bednarski, 2023).

In conclusion the economic risks and industrial vulnerabilities tied to rare earth metals include
Supply Chain Concentration & Geopolitical Risks, price Volatility & Cost Pressures, Industrial
Dependence & Production Risks, Environmental & Regulatory Challenges, Trade & Economic
Competitiveness Risks Governments are looking to solve this issues by investing in stockpiling,
recycling, and alternative sources, but these solutions take time to ( IEA, 2021).

2.2 Assessing the Impact of Geopolitical Relations on the Reliability and Cost-Effectiveness
of Earth Metal Supply Chains

Geopolitical relations are broadly understood as resource control, trade policies, strategic
alliances, and national security interests, which are some of the factors that shape the political
and economic relationships between nations that affect the production, trade, and extraction of
rare earth (Roca, 2022). The geopolitical nature of rare earth metal supply chains is shaped by
certain global power dynamics, such as resource monopolies and national security concerns.
These elements create vulnerabilities, conflicts, and disruptions. A few key factors include
China's supply chain control, China is very highly known in the global earth mining and refining
(Lin, 2024). The US-China trade tension is another factor of consideration, as the US relies on
China a lot for the rare earth elements, with the tensions, it makes them vulnerable to supply
stocks. Some countries, such as Myanmar and Indonesia, have restricted exports to encourage
local Cerutti (Mohommad, 2019).

These geopolitical factors along with environmental regulations and lack of refining capacity
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outside China make diversification difficult and ( Xinyue, 2017). Additionally refining costs and
reliance on China keep non-Chinese producers uncompetitive and therefore limiting the stable
supply alternatives. International relations heavily influence supply chain policies due to
alliances, trade, concerns and (Goutte, 2023). For example some countries use Free Trade
Agreements (FTA) to secure supply chains. Such as japan Critical Minerals Agreement and the
EU-Canada Comprehensive Economic and Trade Agreement (CETA. Critical minerals are also
categorised by governments as strategic assets, which encourages local production and
stockpiling. For alliances, groups like the Quad (U.S., India, Japan, Australia) and the EU’s
Critical Raw Materials Act promote diversified and resilient supply (Kyzas, 2024).

With the key geopolitical influences it comes with certain trade policies and export restrictions
such as strategic alliances and economic partnerships for example the belt and road Initiative.
For example resource nationalism and how countries prioritize domestic industries over exports.
International institutions have a very specific role in it for example the WTO disputes and
regional trade agreements. A Kkey consideration is the cost-effectiveness and supply
reliability for example price fluctuations due to geopolitical (Chatzky, 2023).

Global economic stability and global trade together are involved in a balanced, sustainable,
expansion of the economy with fewer disruptions which may benefit regions and nations thru
infrastructure , better living standards for (Tatsuya Terazawa, 2023)

The Role of recycling and circular economy approaches in improving long-term supply security.
With this it comes with an impact on key industrial sectors such as technology and consumer
electronics such as the dependence on rare earths for semiconductors, smartphones, and batteries.
And the impact of price surges on production costs and innovation. Although substitutes are still
less effective, price increases compel businesses to modify their supply chains, make investments
in alternate sources, and investigate recycling or rare earth-free technology. In order to lessen
reliance on China, long-term solutions emphasise sustainability, diversification, and material
(Leon, 2023). Geopolitical strategies shape rare earth metal availability by governments
beginning to worry about the materials their nations need for weapons and other important
technologies. Additionally, it highlights the importance of balancing national security concerns
with global supply needs.

2.3 The role of Earth Metal Supply Chains in Supporting Global Economic Stability and
Growth

Global economic stability refers to a condition where the world economy experiences steady
growth, low volatility, and predictable trends in key indicators like inflation, markets, and (
Deghi, 2024) It's a situation where economies around the world can be stable, function well and
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reduce the likelihood of recessions. Global economic growth is an increase in the production and
consumption of goods and services, measured in terms of gross domestic product. Growth can
reflect improvements in many things such as living standards, technology , trade, investment and
(Deghi, 2024).Global economic stability and global trade together are involved in a balanced,
sustainable, expansion of the economy with fewer disruptions which may benefit regions and
nations through infrastructure, better living standards for populations. Earth metals are essential
for industries that drive modern technologies. Supply chains are connected to global economic
stability and growth in ways of technology, energy, security. Technology is connected to global
economic stability as the metals of neodymium and praseodymium are 2 essential metals needed
for making magnets which are essential in the making of electronics, including computers,
handphones. As the demand for technology is increasing by the day the demand for these metals
are also increasing causing an important role in the earth metal supply chains that are put on
global economic stabillity and (Drysdale, 2021).Earth metal supplies also have a key role in
renewable energy, as many industries and countries are starting to move towards cleaner energy
sources such as solar and wind, and overall just more clean energy sources. These renewable
energy are reliant on earth metals like lithium, cobalt and neodymium. These metals are
essentials for renewable energy and renewable energy is the key to future economic growth. A
example of a country already moving towards green energy is UAE, The UAE has invented zero
carbon homes, which give off no carbon emissions and is completely green and good for the
environment. Another example is that schools have recently been moving to much more solar
buildings in order to reduce the amount of emissions and solar energy is a very good alternative
and a amazing green energy (Belpoliti, 2024). Additionally, for defense and security, metals are
used to advance military technologies , for example missile, communication devices and
satellites. Defense and security is another key sector influencing the economy with countries
investing a lot on this, and so demand rises and a stable supply chain is vital for national security
and defenses in this time period.

With this there may be challenges in earth metal supply chains. This includes Concentration of
Supply, the global concentration of supply is limtied, and 70% of the supply comes from china.
This may raise concerns of security of supply, if china faces any problem, environmentally or
politically this may cause problems and may jeapordise economic stability and growth. Another
challenge their may be is if their is disruptions in the global supply chain. For example covid-19
which can lead to major fall outs in a economy. (Chen, 2024)

With this there can be strategies in order to ensure a stable supply chain, this may be having a
diversification of resources, for example not just from China, many countries like the U.S.,
Australia, and India are working to diversify their sources of rare earth metals to reduce
dependence on a single country. Countries can also use more of the circular economy model
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where they recycle , reuse (Ramanujam, 2022). Additionally technological innovations can be
done, They are able to Research into artificial rare earth element substitutes and more effective
extraction techniques can lessen reliance on rare earth mining, resulting in material technological
advancements and the development of substitutes or more effective rare earth extraction
techniques, which will lessen the susceptibility of global economic growth to supply chain
volatility.

3. Conclusion

In conclusion, China holds the majority of the earth's mineral resources, which may create
geopolitical vulnerabilities in other countries. REEs are critical for defense, clean energy,
industries, and other outputs. The REE causes environmental and sustainability challenges,
leading to pollution, waste, destruction, and leading to environmental and destruction. REE is
then essential for technology, energy and defense and expansion, and global trade security. Only
1% of REE are cycled and complex, and costly. There are challenges and strategies for supply
chain REE. Their over-reliance in China, which creates strategies, makes diversification difficult,
may also include poor labour conditions, as their as supply chain disruptions. There are also
strategies for stable REE, which include diversifying sources, stockpiling REE, investing in
REE, and developing alternative materials that could lessen dependence on rare earths. The rare
earth metal supply investigates how earth metal supply chain dynamics affect the economic
performance and industrial sectors of a country. Government agencies and international
organisations perform these investigations. They also analyse the role of earth metal supply
chains in supporting global economic stability and growth. Lastly, they assess the influence of
geopolitical relations on the reliability and cost-effectiveness of earth metal supply chains.
With 70% of mining, 85% of refining, and 92% of magnet manufacture under its control, .
Under the control of mining, manufacturing. Other countries are more susceptible to supply
chain interruptions and geopolitical difficulties as a result of their significant reliance on China.
Radiation hazards, water poisoning, and extreme pollution are all consequences of the mining
and refinement of rare earth elements (REEs). Furthermore, processing REEs is an
environmentally unsustainable enterprise due to the high energy and water requirements. Despite
their strategic importance, only countries such as the EU and Japan are actively promoting
research into rare-earth-free technologies and other minerals to reduce their reliance on China.
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