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The Modern Technological Landscape depends heavily on 
Rare Earth Elements. 
The phrase "rare earth elements" describes a group of 17 metallic elements that occur 
frequently in the Earth's crust. Geographical dispersion and complex extraction 
requirements of rare earth elements make them crucial resources for societies that 
depend on technology. Numerous contemporary technologies use these elements as 
they power devices from smartphones to wind turbines while their strategic value grows 
as the world progresses toward clean energy solutions. High-tech industries along with 
renewable energy technologies and national security applications utilize these elements 
extensively due to their magnetic, luminescent and conductive properties. 

What Are Rare Earth Elements? 
The rare earth elements (REEs) category encompasses the 15 lanthanide elements 
whose atomic numbers span from 57 to 71 in addition to scandium and yttrium.  

 

 
 

Elements that are often described as "rare" exist in the Earth's crust with abundances 
comparable to common elements like copper and lead69. At 68 parts per million Cerium 
stands as the 25th most abundant element thus showing a comparable abundance level 
to copper. 

"Rare" in "rare earth elements" refers to their widespread distribution across the Earth's 
crust instead of their true abundance because it is difficult to find economically viable 
concentrations. As Ryan Castilloux, managing director of Adamas Intelligence, 
explained: These elements stand out as the superheroes of the periodic table because 
of their exceptional physical and chemical properties. 

The challenge with REEs comes from their limited concentration within isolated mineral 
deposits. The dispersion of these elements throughout mineral deposits creates 
obstacles for economical extraction of significant quantities. The extraction process 
becomes more complex because these elements often occur together with radioactive 
materials like uranium and thorium. 
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Critical Applications in Modern Technology 

Consumer Electronics and Communications 
The operation of modern devices relies heavily upon rare earth elements as essential 
components. Smartphones and digital cameras contain these elements and they 
function in computer hard disks but they remain crucial for flat-screen television 
operation and computer monitor systems310. Lanthanum constitutes as much as 50 
percent of the material used in both digital camera lenses and phone camera 
lenses. The spinning operations of computer hard disks and CD-ROM and DVD disk 
drives depend on neodymium-iron-boron magnets for high stability. 

Erbium functions as a laser amplifier within fiber-optic telecommunication cables 
enabling long-distance signal transmission. The exceptional optical characteristics of 
erbium render it vital for specific technological applications despite its high price of $700 
per kilogram. 

Renewable Energy Technologies 
Rare earth elements serve as the fundamental basis for the development and 
implementation of renewable energy technologies. 

1. Wind Turbines: The generators of wind turbines need permanent magnets with high 
strength made from neodymium along with praseodymium dysprosium and 
terbium. Wind turbine magnet construction demands approximately 300 kilograms of 
neodymium per unit. 

2. Electric Vehicles: Electric vehicle motors use neodymium-iron-boron magnets 
because they feature outstanding magnetic strength and maintain stability against 
demagnetization. These material properties enable electric vehicles to achieve greater 
speeds and longer travel distances on a single battery cycle. 

3. Energy-Efficient Lighting: Display devices require yttrium europium terbium 
phosphors for their red-green-blue phosphor functionality in light bulbs panels and 
televisions. 

Medical Applications 
The medical field needs rare earth elements for several essential operations. 

MRI technology depends on gadolinium for improved imaging outcomes as a contrast 
agent. 

• Lutetium is used in PET scan detectors 

• Thulium is used in portable X-ray machines 

• Holmium is used in medical lasers 
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Industrial Applications 
Rare earth elements play an essential role in industrial process operations. 

The preferred material for glass polishing work is cerium oxide. The finishing material 
for nearly all polished glass products including basic mirrors and eyeglasses as well as 
high-precision lenses is CeO2. 

Petroleum refining processes use lanthanum-based catalysts while automotive catalytic 
converters use cerium-based catalysts. 

Different rare earth elements are necessary for manufacturing metal alloys used in 
aerospace components defense equipment and advanced applications. 

Defense and National Security 
Military defense technologies depend critically on rare earth elements for their 
functioning. 

Guided missile systems depend on rare earth elements to achieve exceptional 
accuracy. 

The military electronics sector utilizes these elements in radar and sonar systems along 
with other applications. 

The president of ThREE Consulting, Jim Kennedy, questioned whether cruise missiles 
can achieve target precision within a 1-meter radius. “You need rare earths." 

Geopolitical Significance and Supply Chain Concerns 
Rare earth elements extend their strategic importance beyond technological uses into 
the realm of geopolitical affairs. China exercises dominance in the global rare earth 
market by controlling between 63% and 85% of production. The fact that rare earth 
supplies are dominated by certain producers creates threats for nations that rely on 
these elements for their high-tech manufacturing and defense system construction. 

The United States generated most of the world's rare earth elements via its Mountain 
Pass mine in California until 1980. The development of production facilities in China 
caused competition from international businesses to fail. Ryan Castilloux stated that 
China increased rare-earth element mining output and sold them cheaply which forced 
competitors including the U.S. to leave the market. 

China's dominant position generates supply chain concerns for the global market. In 
2010 China used rare-earth mineral export suspension as a threat against Japan during 
territorial conflicts over the Senkaku/Diaoyu Islands. The absence of real problems 
stemming from these concerns demonstrates how centralized supply chains lead to 
strategic vulnerabilities. 
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Worldwide views are now moving toward establishing diverse and strengthened supply 
networks for rare earth elements. The European Union seeks "strategic autonomy" 
whereas the United States implements "de-risking" strategies. Multiple governments 
now view supply stability as an essential concern because global demand for rare 
earths is expected to grow five to six times by 2030. 

Environmental Challenges and Sustainable Development 
The extraction and processing of rare earth elements lead to severe environmental 
problems. Current production methods require processing enormous quantities of ore to 
obtain small amounts of these metals which produces substantial waste. This extraction 
process produces waste that commonly includes radioactive water as well as 
dangerous fluorine compounds and acids. 

Environmental damage from rare earth mining operations has reduced extraction in 
some regions but also prompted research into sustainable extraction methods. The U.S. 
Department of Energy investigates ways to pull rare earth elements from coal and its 
waste products to develop alternative sources that minimize environmental harm. 

Japanese scientists have identified seabed mud deposits with substantial rare earth 
concentrations6 as an exploration route while the recycling of end-of-life products3 
offers another source opportunity. 

Future Outlook and Increasing Importance 
The shift to clean energy systems and next-generation technologies will boost the 
demand for rare earth elements. The adoption of green energy targets by nations will 
create a substantial surge in demand for these essential materials. 

Mining companies are establishing new extraction sites globally to supply the rising 
demand for these materials. Norway's Ulefoss village stands above Europe's largest 
deposit of rare earth elements. The Browns Range mine in Australia will create the first 
large-scale dysprosium production source outside of China. 

Scientists focus on two main objectives: finding replacement materials to reduce 
dependency on rare earth elements and advancing recycling methods to recover these 
elements from discarded products. 

Conclusion 
Rare earth elements represent a crucial nexus between technological progress and 
economic impact while presenting environmental problems and geopolitical 
complications. The unique properties of these materials make them essential for many 
modern technologies which support the transition to sustainable energy solutions. 

Global supply chains depend heavily on China which poses strategic risks that nations 
around the world are now addressing by finding ways to reduce these 
vulnerabilities. The extraction of rare earth elements creates environmental challenges 
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which demand improved processing methods and effective recycling solutions as 
responses. 

As we move further into the 21st century and pursue cleaner energy systems 
technological advancement and economic development depend on reliable sustainable 
sources of rare earth elements. What were once simple listings in the periodic table now 
serve as fundamental building blocks of contemporary society. 
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