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Rare Earth Metals

A Shortage of Rare Earth Metals May Hinder Green Technologies, While 
Rare Earth Metal Production in China May Harm the Environment

2010

Watch List
• Over 95 percent of the world’s rare earth metals 

are produced in China, although the country has 
only 53 percent of the world’s deposits. 

• During the past seven years, China has reduced 
the amount of rare earth exports by 40 percent.   

• Since environmental laws are lax in China, rare 
earth minerals have been produced at lower 
costs than in other countries.  However, the envi-
ronmental toll on the land and workers has been 
great. 

• Some government experts anticipate that China 
will try to exert greater vertical integration over 
the market for rare earth materials.  This would 
increase China’s market power, as well as its 
dominance in the rare earth market.   

• A shortage of rare earth metals could threaten 
the development of new green technologies, 
such as wind turbines, hybrid vehicles, solar 
panels, and energy efficient light bulbs.   

• Rare earth metal production is expected to 
begin again in the United States in 2012, at the 
Mountain Pass mine in California.  Production 
is expected to be 20,000 metric tons per year, 
a volume that is 15 percent of the 2009 global 
rare earth production levels. 

Key Takeaways 
 • Rare earth metals are comprised of 17 different 

chemical elements.  Fifteen of these elements have 
atomic numbers between 57 and 71.  They include  
lanthanum, cerium, praseodymium, neodymium, 
promethium, samarium, europium, gadolinium, 
terbium, dysprosium, holmium, erbium, thulium, 
ytterbium, and lutetium. 

• Due to chemical similarity, two additional metals – 
scandium and yttrium – are also considered to be 
rare earth metals.   

• Rare earth metals are used extensively in clean 
energy technologies, consumer products, and 
defense systems.   

• A potential shortage of rare earth materials is of 
particular concern with regard to defense related 
products.  They will continue to rely on rare earth 
metals due to their life cycles and the fact that 
effective substitutes do not exist. 

• The demand for rare earth materials is growing.  
Over the last decade, the global market has grown 
from 40,000 tons per year to 125,000 tons per year.  
Experts anticipate that by 2014, world demand 
will be in the range of 200,000 tons.   

• Rebuilding an American rare earth metals supply 
chain may take as long as 15 years.  Supply chain 
reconstruction will rely on securing capital invest-
ments for processing infrastructure, developing of 
new technologies, and acquiring patents currently 
owned by foreign companies. 

Related Reports
• Hybrid Vehicles

• Solar Energy

• Wind Power
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Executive Summary 
Rare earth metals are also sometimes referred to 
as rare earth minerals or rare earth materials.  Most 
of the rare earth metals are not actually rare.  Their 
name comes from the fact that the ores in which 
they are found are difficult to extract.  Mineral 
deposits that contain radioactive thorium, for 
example, cannot be mined profitably.  Rare earth 
materials must go through five processing stages 
before they can be used in products: 

1. Rare earth ores are mined from the mineral 
deposit. 

2. Rare earth ores are separated into individual rare 
earth oxides. 

3. The rare earth oxides are refined into metals with 
different purity levels. 

4. The metals are formed into rare earth alloys. 

5. The alloys are then manufactured into compo-
nents that can be used in commercial or defense 
products.   

Rare earth metals are used frequently in clean energy 
technologies.  For example, a Toyota Prius uses about 

one kilogram of neodymium in the electric motor and  
up to 15 kilograms of lanthanum in the battery pack. 
Compact fluorescent light bulbs also use rare earth 
materials including europium, terbium, and yttrium.  

Ironically, the mining of rare earth metals can cause 
damage to the environment.  Media reports indicate 
that environmental damage has been done in China, 
due to rare earth metals extraction.  The Chinese 
Ministry of Commerce has indicated that the primary 
reason behind rare earth metal export restrictions is 
not economic, but instead is due to increased focus on 
environmental and natural resource protection.  Even 
the Mountain Pass mine in the United States has had 
its share of environmental problems.  In 1998, chemi-
cal processing of rare earth materials was stopped 
after multiple problems with waste water leakage.  
Thousands of gallons of radioactive water spilled into 
the Ivanpah Dry Lake.  After Molycorp purchased the 
site in 2000, it pledged to make the operation envi-
ronmentally friendly.  This company will spend $2.4 
million annually on environmental monitoring and 
compliance. 
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Best Practices & Impact on Business
What Are Rare Earth Metals?  

Rare earth metals are comprised of seventeen 
different chemical elements.  Fifteen of these ele-
ments have atomic numbers between 57 and 71.  
They include lanthanum, cerium, praseodymium, 
neodymium, promethium, samarium, europium, 
gadolinium, terbium, dysprosium, holmium, erbium, 
thulium, ytterbium, and lutetium.  Due to chemical 
similarity, two additional metals – scandium and 
yttrium – are also considered to be rare earth metals.  
Rare earths are frequently categorized into two 
groups:  Heavy rare earth elements (HREE) and light 
rare earth elements (LREE).  These groups are defined 
based on the elements’ atomic weights and location 
in the periodic table. 

Rare earth metals are also sometimes referred to as 
rare earth minerals or rare earth materials. Most of 
the rare earth metals are not actually rare.  Their name 
comes from the fact that the ores in which they are 
found are difficult to extract.  Mineral deposits that 
contain radioactive thorium, for example, cannot 
be mined profitably.  Rare earth materials must go 
through five processing stages before they can be 
used in products: 

1. Rare earth ores must be mined from the mineral 
deposit. 

2. Rare earth ores must be separated into individual 
rare earth oxides. 

3. The rare earth oxides are refined into metals with 
different purity levels. 

4. The metals are formed into rare earth alloys. 

5. The alloys are then manufactured into compo-
nents that can be used in commercial or defense 
products. 

How Are Rare Earth Metals Used?  

Rare earth metals are used extensively in clean energy 
technologies, consumer products, and defense sys-
tems.  Clean energy technologies like wind turbines, 
hybrid vehicles, solar panels, and energy efficient light 
bulbs all use rare earth metals.  For instance, a Toyota 
Prius uses about one kilogram of neodymium in the 
electric motor and up to 15 kilograms of lanthanum in 
the battery pack.  Compact fluorescent light bulbs also 
use rare earth materials including europium, terbium, 
and yttrium.   

Rare earth metals are required in many components 
that are used in consumer products.  Permanent 
magnets, phosphors, lasers, capacitors, and super-
conductors all use rare earth materials.  These 
components are then incorporated into common 
products like hard disks for computers, LEDs, 
and iPhones.  Rare earth materials are also used 
extensively in defense systems.  Precision guided 
munitions, lasers, communication systems, radar 
systems avionics, night vision equipment, and sat-
ellites cannot function properly without rare earth 
metals.  These defense related products are of par-
ticular concern.  They will continue to rely on rare 
earth minerals due to their life cycles and the fact 
that effective substitutes do not exist. 

Supply & Demand for Rare Earth Metals  

The main accessible deposits of rare earth metals are 
found in China.  Over 95 percent of rare earth mate-
rials are produced there, although the country has 
only 53 percent of the world’s deposits.  Additional 
rare earth metal deposits exist in the United States, 
Canada, South Africa, and Australia.   

The supply of rare earth metals is a concern to 
many industrialized nations.  In 2002, the United 
States’ most important rare earth mine in Moun-
tain Pass, California was shut down.  Then over the 
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past seven years, China has reduced the amount 
of rare earth exports by 40 percent.  Some govern-
ment experts anticipate that China will try to exert 
greater vertical integration over the market for rare 
earth metals.  This would increase China’s market 
power, as well as its dominance in the rare earth 
market.  A shortage of rare earth metals could 
threaten the development of new green technolo-
gies. On the other hand, some believe that China 
will continue to produce more rare earth metals 
than required for its internal needs.   

The demand for rare earth materials is growing.  
Over the last decade, the global market has grown 
from 40,000 tons per year to 125,000 tons per year.  
Experts anticipate that by 2014, world demand will 
be in the range of 200,000 tons (Channel 4 News, 
2009).  Molycorp, the company which owns the 
Mountain Pass Mine in California, is preparing to 
resume production at the mine in 2012.  At that time, 
the mine is expected to generate 20,000 metric tons 
of rare earth metals annually for up to 30 years.  The 
US Geological Survey estimates this volume to be 
15 percent of the 2009 global rare earth production 
levels.  Molycorp recently filed a registration state-
ment with the Securities and Exchange Commission 
for an initial public offering.  The company is seek-
ing $350 million in funding which would be used 
to modernize and expand the Mountain Pass mine.  
In addition to Molycorp’s production, the Lynas 
Corporation’s Mount Weld mine in Australia is also 
expected to produce rare earth materials for sale on 
the world market.  Japanese company Sumitomo 
has reportedly entered into a deal with Kazakhstan’s 
state nuclear power company to secure supplies 
of neodymium and dysprosium.  These rare earth 
metals are important for car manufacturing and are 
believed to be abundant in Kazakhstan’s mineral 
deposits. 

Environmental Issues Related to  
Rare Earth Metals  

In areas like the United States, Europe, and other 
places with strict environmental laws, it tends to be 
expensive to mine rare earth materials.  In recent 
years, however, China has implemented limited envi-
ronmental precautions related to mining.  Chinese 
workers use toxic chemicals such as acids, sulfates, 
and ammonia to process rare earth materials.  The 
lower costs of production have allowed China to price 
rare earth metals lower than those produced in other 
countries.  Despite media reports to the contrary, 
China says that reformation of rare earth mining oper-
ations have been undertaken and that good progress 
has been made.  The Chinese Ministry of Commerce 
has indicated that the primary reason behind rare 
earth metal export restrictions is not economic, but 
instead is due to increased focus on environmental 
and natural resource protection.   

Even the Mountain Pass mine in the United States 
has had its share of environmental problems.  In 
1998, chemical processing of rare earth materials 
was stopped after multiple problems with waste 
water leakage.  Thousands of gallons of radioactive 
water spilled in Ivanpah Dry Lake.  After Molycorp 
purchased the Mountain Pass site in 2000, it pledged 
to make the operation environmentally friendly.  This 
company will spend $2.4 million annually on envi-
ronmental monitoring and compliance. 

The Future of Rare Earth Metal Production

Although many industrialized countries are grow-
ing concerned about the availability of rare earth 
metals in the future, different alternatives are being 
explored.  In the United States, the Mountain Pass 
mine has proven ore reserves of more than 30 million 
tons.  Experts estimate that the mine could produce 
cerium, lanthanum, praseodymium, and neodymium 
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oxides in sufficient quantities to supply current 
demand for 150 years.  Molycorp has also indicated 
that its volume could increase from 20,000 tons per 
year to 40,000 if demand is sufficient.  Canada also 
has an abundant supply of rare earth mineral depos-
its that could be developed.  This is an attractive 
option for the United States, since Canada is a politi-
cally friendly nation.  Despite these resources, the US 
General Accountability Office (GAO) has estimated 
that rebuilding an American rare earth metals supply 
chain may take as long as 15 years.  Supply chain 
reconstruction will rely on securing capital invest-
ments for processing infrastructure, development of 
new technologies, and acquiring patents currently 
owned by foreign companies.   

In an attempt to explore the issues related to rare 
earth metals, the US Department of Energy (DOE) 
will be developing a strategic plan to address the 
role and supply of rare earth materials.  The plan will 
be a created in collaboration with the Department 
of Defense, Congress, and other federal agencies.  
The document is expected to analyze three different 
topics.  First, the plan will investigate different ways 
to expand the supply chain for earth materials by 
cultivating US sources and identifying trading part-
ners who can supply these minerals.  Second, the 
Department of Energy wants to investigate whether 
substitution is possible.  This would enable rare earth 
consumers to use more widely available input mate-
rials.  Last, the report will explore ways to use and 
reuse rare earth metals more efficiently, in hopes of 
minimizing the need for new supplies in the future.   

In addition to DOE’s plan, Congress is considering 
the establishment of a national research center to 
study rare earth materials, how to use them more 
efficiently, and potential substitutions.  The Depart-
ment of Defense is also evaluating its reliance on 
rare earth metals.  It expects to finish a study on 
this subject by the end of September 2010.   

Acronyms
DOE: US Department of Energy 
GAO: US General Accountability Office 
HREE: Heavy rare earth elements 
LREE: Light rare earth elements 
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