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What is a “Critical Material?” 

•  Any substance used in technology that is 
subject to supply risks, and for which there 
are no easy substitutes. 

•  Or, in plain English – stuff you really need 
but can’t always get. 

•  The list of materials that are considered 
critical depends on who, where and when 
you ask. 

•  CMI focuses on clean energy technologies, 
in the US, over the next 10 to 15 years. 
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Materials criticality is affecting us today 

•  Jet engine manufacturers, 
including CMI partner GE, have 
had to deal with shortages of 
rhenium.  
–  http://www.gereports.com/engineering-ways-to-

reduce-the-rare-metal-rhenium-in-jets/ 

•  A major disk-drive manufacturer 
came within one week of shutting 
down production for lack of Nd-
Fe-B magnets. 
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Materials criticality is affecting us today 

•  Loudspeaker manufacturers 
have been severely impacted 
by magnet price increases. 

•  Tesla Motors feared being 
forced to reduce production 
because of short supplies of 
Li-ion batteries. 
–  http://wheels.blogs.nytimes.com/

2013/09/06/as-it-increases-production-
tesla-worries-about-battery-supply/?_r=0 
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Materials criticality is affecting us today 

•  Even military hardware is 
occasionally being sourced 
from China, because of the 
lack of a domestic supply-
chain for certain key 
materials. 

http://www.reuters.com/article/2014/01/03/
us-lockheed-f-idUSBREA020VA20140103 
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Materials criticality is affecting us today 

•  The target date for transition to high-output 
T5 fluorescent lamps has been delayed by 
two years because manufacturers claim 
that there is a shortage of Eu and Tb for the 
phosphors. 

 

•  Utility-scale wind turbine installations are 
overwhelmingly gearbox-driven units, 
despite the high failure-rate of the 
gearboxes, because of the cost and 
unavailability of Nd and Dy required for 
direct-drive units.  
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How is criticality assessed? 

DOE Medium Term Outlooks: 2015 – 2025 

•  Identifies the propensity for 
supply-chain problems to occur.   
It does not predict that they will. 

•  Identifies the need for 
appropriate attention, not panic. 

•  Depends on location, industry- 
sector, and time. 
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Critical materials for the European Union 

European Commission, May 2014 
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Why should we worry?  
Long-term price trends are quite reassuring 
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OECD expects the 
world’s middle class 
to grow -  

from1.8 billion 
people, in 2012,  

to 4.9 billion in 2030. 

http://www.reuters.com/middle-class-infographic 

But… there are more consumers coming 
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Ore grades are declining 
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Co-production helps to provide supplies of 
many minor metals, but it also causes 
inelasticity of supply. 
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Technology is growing more complex 
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Technology emergence 
Case study: electric vehicles 
 

Assumption: The market penetration of EVs will rise when a battery 
technology emerges that provides all-electric range close to that of a single 
tank of gasoline, if the price premium is similar to that of a hybrid. 

 

•  ~15,000,000 new cars are sold in the US every year. 

•  ~7% of new car sales in California are hybrids. 

•  Guess that the market for an all-electric vehicle could rise to 1,000,000 per year. 

•  If the battery requires 20kg of “unobtainium” the demand is around 20,000 
tonnes, for US consumption alone.  This is a small percentage of current world 
production for some elements, but a very large percentage for others. 



16 

Source:  US Dept. of Energy – Energy Savings Forecast of Solid-State 
Lighting in General Illumination Applications (August 2014) 

Source:  US Dept. of Energy – Energy Savings Potential of Solid-State 
Lighting in General Illumination Applications (January 2012) 

Technology shifts: lighting 

•  Why did the forecast change so much in 2 years? 

•  What is the impact on materials demand 
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White LED materials 

Lumileds® Luxeon® emitter  
(via LEDs Magazine)  

•  InGaN LED chip produces 
blue light 

•  Ceria-doped YAG particles 
embedded in the silicone 
encapsulent  absorb some of 
the blue and emit a broad 
spectrum of visible light, 
producing the desired white 
light. 
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A three-pillared research strategy 

Find ways to: 
•  diversify our sources; 

•  provide alternatives to the existing 
materials; 

•  make better use of the existing 
supplies through recycling and re-
use. 

Some of these approaches 
work better than others for 
specific materials. 
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Unfortunately, these approaches are slow to 
have impact 

•  Mine development, where there is a known 
resource, takes about 15 years, and has costs in 
the billions of dollars. 

•  Development and deployment of new materials 
takes an average of 18 years. 

•  There are no empirical data to suggest how long it 
takes for recycling programs to have an impact. 
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Two grand challenges 

• Starting sooner 
–  We need to anticipate criticality, not just respond to it. 

• Working faster, faster 
–  200 years at ~1000 BC 
–  20 years at ~ 2000 AD 
–  2 years by ~ 5000 AD? 
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The opposite of a critical material 
•  Stuff you really need to get rid of, if only you could 

–  Lead; Mercury; Beryllium; Thorium; Cerium; Lanthanum; Cobalt… 
 

•  Drivers 
–  Economics 
–  Regulations: Reach, RoHS, Dodd-Frank… 

•  We call these ANACRITICAL materials 
–  As with critical materials, the list might vary depending on who, when or 

where you ask. 
–  Technical solutions often mirror those for critical materials. 
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Thank You! 
 

Questions? 
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Separation and beneficiation are difficult 
•  Hard disk drives contain two types of Nd2Fe14B magnet 

–  Voice coil magnet(s) 
–  Spindle magnet 

•  This is the biggest single use of these magnets, consuming 
almost 20% of the worldwide production 

•  There is currently no cost-effective  
strategy for recycling them. 
–  Shred the drive and separate? 
–  Extract the magnets first? 
–  Demagnetize before or after? 
–  Data security issues? 
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Pure metal Crude metal Pregnant liquor 

Shards Devices 

Recycling stages (schematically) 
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A popular alternative approach:  espionage! 


