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National Security / Green Energy 
Overview

 RE applications for defense and Green Energy 
initiatives are truly critical

 Supply chains for these technologies are already 
at risk and supply disruptions are likely

 China has little or no incentive to continue to 
support supply chains outside of its own borders
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What Are the Rare Earth 
Elements?



REE Terms

Light REE (LREE or “Lights”) – La through Gd
 Pr, Nd, Sm for RE permanent magnet electric motors 

and generators
 Eu for optical applications

Heavy REE (HREE or “Heavies”) – Tb through Lu 
plus Y
 Dy for thermal stability of RE permanent magnets
 Tb and Y for optical applications especially  for advanced lighting 

like CFLs and LEDs
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Where Do RE Come From?
Global RE Production

Source:  Dudley Kingsnorth, IMCOA, November  2009

2008
(mt REO)

2012f
(mt REO)

2014f
(mt REO)

China 115,000 145,000 165,000

Baotou, Inner Mongolia ~ 55%

Sichuan Province ~ 35%

Southern Ionic Clays
(only global source

for Heavies – Tb, Dy, Y)

~ 10%
How much 
for export ?

How much 
for export ?

Rest of World 9,000 20,000 38,500

India X X X

Russia / Estonia X X X

US (Molycorp) 0 X XX

Australia (Lynas) 0 X XX



Delicate Supply / Demand Balance 
Forecasted
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Source: Industrial Minerals Company of Australia Pty Ltd., China Rare Earth Information Center, Roskill Information Services, Ltd.. November, 2009



Characteristics of REE

 Found together in nature

 Chemically similar

 Difficult to process and separate

 Able to readily give up or accept electrons 
leading to enabling performance attributes in 
magnetics, optics, electronics and photonics
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Historic Applications for RE
Have Staying Power
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http://www.google.com/imgres?imgurl=http://www.advancedcablingsystems.com/!userfiles/image/fiber%20optics%20pic.jpg&imgrefurl=http://www.advancedcablingsystems.com/page/101/services&h=498&w=400&sz=180&tbnid=3D4kf-l2_QztOM::&tbnh=130&tbnw=104&prev=/images?q=images+%22fiber+optics+%22&hl=en&usg=__TC_7qBkv_jMngYQekwrjyElS0s8=&ei=Yib6SaDHCpSQmAf_i7nHBA&sa=X&oi=image_result&resnum=7&ct=image�
http://www.encyclopedia.com/topic/catalytic_converter.aspx�


Emerging Green Energy Applications
Will Drive RE Market Growth
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Application Rare Earth (RE)
Technology

Enabling
Functionality

RE Elements
Required

Hybrids, Plug-In 
and All Electric
Vehicles

RE Permanent 
Magnets

Electric Traction
Drives replacing 
or supplement-ing
internal 
combustion 
engines

Nd, Pr, Dy, Tb

Electric assist 
motors in 
conventional and 
advanced vehicles

RE Permanent 
Magnets

Higher MPG by 
taking significant
loads off power 
trains

Nd, Pr, Dy, Tb

Integrated Starter / 
Generator for
Improved MPG

RE Permanent 
Magnets

Shuts off engine 
when stopped  and 
instant restart 
when accelerator 
is pressed

Nd, Pr, Dy, Tb

Toyota Prius

Bosch Electric Power Steering
System 

http://www.myhybridcar.net/media/toyota-prius-side2.jpg�
http://www.atzonline.com/index.php;do=show/site=a4e/sid=022a4a05cc52e5411b0b38b84e584ae0/alloc=3/id=10127�


Emerging Green Energy Applications
Will Drive RE Market Growth
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Application Rare Earth (RE)
Technology

Enabling
Functionality

RE Elements
Required

Ni Metal Hydride 
Batteries

Energy Storage Proven and Cost 
Effective 
compared to Li 
Ion Battery
alternatives

La, Ce

Compact and 
Linear Fluores -
cent Lamps

RE Phosphors Ability to match 
color and bright-
ness of incan-
descents with 70% 
less energy

Y, Eu, Tb

Wind and Hydro 
Power Generation

RE Permanent 
Magnets

Gearless
generators for 
better reliability 
and online 
performance

Nd, Pr, Dy, Tb

High power Ni-MH Battery
from Toyota Prius

http://upload.wikimedia.org/wikipedia/en/0/0b/Compact-Flourescent-Bulb.jpg�


Rare Earth Elements Used

Rare Earth Technology

Function / Application

Selected Examples

US Department of Defense Interest in RE Technologies
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Predator Unmanned Aircraft Tomahawk Cruise Missile

Future Combat Systems Vehicles Zumwalt DDX Destroyer

Nd, Pr
Sm, Dy, Tb

Compact / Powerful
Permanent Magnets

Guidance & Control and Electric Drives

Smart Bombs

http://www.globalsecurity.org/intell/systems/images/rq-1_040120-f-9629j-009.jpg�
http://www.globalsecurity.org/military/systems/munitions/images/9908tomahawk2.jpg�
http://www.globalsecurity.org/military/systems/ship/images/ddx_apr05_print_bow_no_guns1.jpg�


Rare Earth Elements Used

Rare Earth Technology

Function / Application

Selected Examples

US Department of Defense Interest in RE Technologies

Rare Earth Industry and Technology Association  2010

Advanced Lighting (CFL / LED) Avionics

Computer Displays Night Vision

Eu
Y, Tb

Amplification, Color, 
Useful Life

Displays, Vision, Lighting,
Fiber Optics

Fiber Optics

http://www.google.com/imgres?imgurl=http://www.advancedcablingsystems.com/!userfiles/image/fiber%2520optics%2520pic.jpg&imgrefurl=http://www.advancedcablingsystems.com/page/101/services&h=498&w=400&sz=180&tbnid=3D4kf-l2_QztOM::&tbnh=130&tbnw=104&prev=/images%3Fq%3Dimages%2B%2522fiber%2Boptics%2B%2522&hl=en&usg=__TC_7qBkv_jMngYQekwrjyElS0s8=&ei=Yib6SaDHCpSQmAf_i7nHBA&sa=X&oi=image_result&resnum=7&ct=image�
http://www.globalsecurity.org/military/systems/ground/images/an-pvs-5-dvic576.jpg�
http://en.wikipedia.org/wiki/File:Compact-Flourescent-Bulb.jpg�
http://en.wikipedia.org/wiki/File:LEDs_8_5_3mm.JPG�


Rare Earth Elements Used

Rare Earth Technology

Function / Application

Selected Examples

US Department of Defense Interest in RE Technologies
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Radar Sonar Transducers

Microwave Communications

Nd, Y, 
La, Lu, Eu 

Amplification, enhanced
resolution  of signals

Enhanced λ Ray  Radiation Detection

Radar , Sonar, Radiation  and 
Chemical  Detection

Saint-Gobain Crystals



Chinese Motivation

Rare Earth Industry and Technology Association  2010

Observation Consequence  Related to 
RE Industry

China recognized the strategic value 
of its RE resources long before the 
days of Deng Xiaoping.

With skill, patience and investment 
China has transformed the Rare 
Earth industry into what it is today.

Government support  of advanced 
curricula in RE sciences has 
produced thousands of technical 
professionals employed in RE 
industry today.

China has been instrumental in  the 
development of many  new / high 
tech applications which has helped
quadruple  the size of the RE 
market  since 1990. 

100% share of global market for RE 
metals (97% share of global market 
for REO). 



Baotou

Clint Cox of Anchor House



Clint Cox of Anchor House



Rare Earth Development Zone

Clint Cox of Anchor House



Rare Earth Hi-Tech Zone

Clint Cox of Anchor House



Chinese Motivation
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Observation Consequence  Related to 
RE Industry

China realizes it has to improve the 
management of its RE resource with 
focus on conservation, higher 
overall yields and environmental 
protection.

Controls employed to date include: 
production limits, export quotas, 
export tariffs, stockpiling, closing of 
separation plants and even  literally 
blowing up “illegal” mines.  

Chinese economy will continue to 
grow at  or near double digit rates for 
the foreseeable future

Disposable income for automobiles, 
personal electronics, etc. driving
significant internal RE demand.

China is already the largest auto 
market  and  will produce 500,000 
electric vehicles in 2011.

Leads in wind power generation



Chinese Motivation
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Observation Consequence  Related to 
RE Industry

China must create 300 million jobs 
within the next 10 years

The Chinese will continue to 
manage its RE virtual monopoly to 
induce downstream (value add) 
manufacturing  to relocate to 
China.
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Where Are the Jobs in the 
RE Magnet Motor Supply Chain?
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Mine to Motor Assembly Supply Chain

Mine to RE  Magnet Metal 
100% China

Motor  / Generator 
Assemblies, etc.

Sintered Nd Magnets
80% China

Bosch Electric Power Steering
System 

Integrated Starter 
Generator

http://www.atzonline.com/index.php;do=show/site=a4e/sid=022a4a05cc52e5411b0b38b84e584ae0/alloc=3/id=10127�
http://www.myhybridcar.net/media/toyota-prius-side2.jpg�
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Where Are the Jobs in the 
RE Phosphors Supply Chain?
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Mine to Optical Application Supply Chain

Mine to RE  Phosphor Oxides 
100% China

Finished Products: 
Displays, CFLs,

Fiber Optic Cables, 
LEDs, etc.

Global Tungsten & Powders Corp.

http://www.google.com/imgres?imgurl=http://www.advancedcablingsystems.com/!userfiles/image/fiber%2520optics%2520pic.jpg&imgrefurl=http://www.advancedcablingsystems.com/page/101/services&h=498&w=400&sz=180&tbnid=3D4kf-l2_QztOM::&tbnh=130&tbnw=104&prev=/images%3Fq%3Dimages%2B%2522fiber%2Boptics%2B%2522&hl=en&usg=__TC_7qBkv_jMngYQekwrjyElS0s8=&ei=Yib6SaDHCpSQmAf_i7nHBA&sa=X&oi=image_result&resnum=7&ct=image�
http://upload.wikimedia.org/wikipedia/en/0/0b/Compact-Flourescent-Bulb.jpg�
http://en.wikipedia.org/wiki/File:LEDs_8_5_3mm.JPG�
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How Does the US Military Obtain Its 
RE Permanent Magnets?

(same applies to commercial OEMs)

RE Magnet  Metal Supply  (100% China)

Sintered NdFeB Magnet Production
Chinese Internal Demand  (80% of Global Supply)

Japan  /  EU
20%
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How Does the US Military Obtain Its 
RE Permanent Magnets?

(same applies to commercial OEMs)

RE Magnet  Metal Supply  (100% China)

Sintered NdFeB Magnet Production
Chinese Internal Demand  (80% of Global Supply)

Japan  /  EU
20%

Internal Consumption Embedded in Product or 
Device such as automobiles, wind 
turbines, MP3 players, PCs, etc.

Embedded in Exported 
Component or Device

Exported in  
Device 

Internally 
Consumed

Other Global 
Supply Chain  
Intermediary

Magnets
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How Does the US Military Obtain Its 
RE Permanent Magnets?

(same applies to commercial OEMs)

RE Magnet  Metal Supply  (100% China)

Sintered NdFeB Magnet Production
Chinese Internal Demand  (80% of Global Supply)

Japan  /  EU
20%

Internal Consumption Embedded in Product or 
Device such as automobiles, wind 
turbines, MP3 players, PCs, etc.

Embedded in Exported 
Component or Device

Exported in  
Device 

Internally 
Consumed

US
Military

Other Global 
Supply Chain  
Intermediary

Defense Contractors

Magnets 
Embedded  
in Products 
& Systems

Magnets
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Export of Chinese RE Materials Shrink 
in a Supply Disruption

RE Magnet  Metal Supply  (100% China)

Sintered NdFeB Magnet Production
Chinese Internal Demand  (90% of Global Supply)

Japan  /  EU
(10%)

Internal Consumption Embedded in Product or 
Device such as automobiles, wind turbines, MP3 

players, PCs, etc.
(Quality of Life)

Embedded in Exported 
Product or Device

(Creates Jobs)

Exported 
in  

Product / 
Device

Internally 
Consumed

US
Military 

(or OEM)

Other Supply 
Chain  

Intermediary

Magnets 
Embedded  
in Products 
& Systems
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REITA at the Nexus of 
RE Technology Development

Government

AcademiaIndustry

REITA  and Its
Consortium Members
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Current Consortium Members

http://www.molycorp.com/�
http://www.ge.com/�
http://www.arnoldmagnetics.com/�
http://www.electronenergy.com/�
http://www.mines.edu/�
http://www.jacklifton.com/�
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Current Consortium Members

Worcester Polytechnic  Institute

Iowa State University operates 
The Ames Laboratory

under a contract with the
U.S. Department of Energy

Global Tungsten & Powders Corp.



Conclusions
 RE applications for Defense and Green Energy initiatives 

are truly critical

 Supply chains for these technologies are already at risk 
and supply disruptions are likely

 China has little or no incentive to continue to support 
supply chains outside of its own borders

 Urgent action by stakeholders is required to address this 
vulnerability by creating globally diverse and competitive 
supply chains
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Tomorrow’s Technology Today
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