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Commodities Commentary 

The Rare Earth Metal's Shortage 

Michael Berry, 10.06.09, 05:21 PM EDT 

U.S. petroleum imports are the problem you 

know. The rare earth metals shortage is just 

emerging. 

 
U.S. Called Vulnerable to Rare Earth 

Shortages 

By KEITH BRADSHER 

Published: December 15, 2010, NY Times 

Rare earth material shortage could hit 

mobile phones 

  by:ΟIan Talley From:ΟDow Jones 

Newswires April 19, 2010 11:35AM 

Cost of metals used in hi-tech devices soars 

as China limits supplies 

Europium oxide, used in energy-saving 

lightbulbs, plasma TVs and smart phones, 

has leaped from $1,260 a kg to $3,400 

    Tom Bawden 

  The Observer, Saturday 18 June 2011 

Rare action 

Corporate Japan adjusts quickly to a 

shortage of rare earths 

Jan 20th 2011 | TOKYO | the Economist 

Rare earth element (REE) supply in the news 

Rare-earth mineral shortage drives companies to China 

ByPhysics Today on August 25, 2011 10:41 AM 
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Source: www.molycorp.com 



The Toyota Prius and other hybrids 
and electric vehicles contain 10-11 Kg 
of rare earths each ɀ mainly La 

 Source: www.molycorp.com 





Energy Critical Elements 

From the APS-MRS report, p.5 



Unobtainium (Ub) 

An element that is required for  
<technology/product> but whose supply 

cannot meet demand, usually characterized 
by unique properties and large price 

fluctuations.  



Energy critical elements: economics 

Rock-forming 
elements 

    Energy critical elements 

R. Jaffe, MIT 



Abundance and availability 

12 rock-forming elements  >99% of 
%ÁÒÔÈȭÓ ÃÒÕÓÔ 
 
Useful ores have local enrichment 
of scarce elements by substitution, 
eg Se and Te for S 
 
Metals substitute into compatible 
lattices ɀ ores are metal mixtures 
 
Au, Ag and Pt have exceptional 
chemistry - can be highly enriched  
 

Au inclusions in gold-quartz 
Nevada-outback-gems.com/prospect/gold-specimen/Gold-ores.htm 

Bastnasite ɀ (REE) CO3F 
www.molycorp.com 



Production issues 
 

ÅPoorly understood geology 
 
ÅLow concentrations of desirable 

elements 
 
ÅUnfamiliar metallurgy of co-

produced metal mixtures 
 
ÅWaste in uneconomic mine tailings 

 
ÅEnvironmental consequences 

 
ÅRadioactive components in ores 

REE mine in South China clay ɀ light and heavy Lanthanides 

Bayan Obo  Mine, Inner Mongolia, 
Bastnasite (Google Earth) 



Environmental impacts of the California Gold 
Rush (last half of 19th century) 

Malakoff 
Diggins, CA 

2004 

Hg-laden waste was dumped into the river 
bed, raising its level and leading to severe 
flooding many miles away. Hg persists today. 

Marysville, CA 

Hydraulic gold mine operated with diverted rivers. 

ca 1875 

Historical photos from UC Berkeley collection, 2004 photo by F. Houle 



Las Medulas, Roman Era hydraulic mine 

Described by Pliny the Elder, 77AD.   Photo by Rafael Ibanez Fernandez 
 
         whc.unesco.org/en/list/803 



Å Resources: abundant known 

deposits 

Å Reserves: subject to market 

forces 

ï New sources can only respond 

slowly to increased demand (5-15 

years) 

ï Affected by political events 

ï Risk when supply is concentrated 

in a few places 

ï Recycled ECE  not significant 

Å Economics of co-production 

ï Elements extracted as mixtures 

that must be separated 

ï Abundant cheaper element may 

limit supply of rarer element 

Å Regulations 

ï Stricter rules in richer nations 

ï Hazardous waste eg actinide-

enriched tailings 

Known REE deposits 

What controls commercial availability? Supply 

From the MITEei-APS-MRS report, p14 
 



What controls commercial availability? Demand 

Å Consumption in new products  

ï Energy technologies to replace fossil 

fuels, energy storage 

ï Mobile electronics and other consumer 

items, transportation  

Å Product lifetime and recovery of 

materials 

ï Materials are sequestered in solar 

panels, cars 

ï Electronic devices have tiny amounts of 

many ECE, expensive to recycle 
TVs 

laptops 

Price of Indium vs time 

From the MITEei-APS-MRS report, p.20 



e.g. Te, byproduct of Cu mining 

R. Jaffe, MIT 





Will Te supply obstruct large scale 
deployment of CdTe photovoltaics? 

ÅStudies ask: Ȱ)Ó ÔÈÅÒÅ ÅÎÏÕÇÈ Te ÔÏ ÂÕÉÌÄ ȣȢ '7 

ÏÖÅÒ ȣȢ ÙÅÁÒÓȩȱ 

Å Answers: Ȱ9ÅÓȱȢȢȱÐÒÏÂÁÂÌÙȱȢȢȱÍÁÙÂÅȱȢȢȱÍÁÙÂÅ 

ÎÏÔȱȢȢȱÎÏȱ 

Disruptions and discontinuities 
in supply and price are the 
problem, not resources 



Response to materials scarcity 

Å$ÅÖÅÌÏÐ  ÓÃÉÅÎÔÉÆÉÃ ÕÎÄÅÒÓÔÁÎÄÉÎÇ ÏÆ ÍÁÔÅÒÉÁÌÓȣÔÈÁÔ ×ÉÌÌ 

underpin efforts to develop alternatives and substitutes for 

critical and strategic materials 

ÅRole and mechanism of these elements in controlling 

behavior 

ÅPrinciples that will lead to alternatives and substitutes 

ÅNew and unconventional processing for modifying and 

controlling materials behaviors 
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From the Critical and Strategic Materials Proceedings 
of the Laboratory Study Group Meeting 

 
US Department of Energy 

Office of Basic Energy Sciences 
April 12-13, 1983 

 



Cyclic scarcity 

ÅCurrent rare earth element supply issues for new energy 

ÔÅÃÈÎÏÌÏÇÉÅÓ ÁÒÅ ȰÆÌÁÖÏÒ ÏÆ ÔÈÅ ÍÏÎÔÈȱ  

ïPost World War II scarcities due to reconstruction and stock depletion 

ïCrude oil supply drop in early 70s led to strong PV effort, which was then cut 

back when supplies increased 

ïCr, Co, Ta and Ti supply disruptions in late 70s led to critical materials 

research in alloys, ceramics, polymers, coatings 

Ånew disruptions will surely happen ɀ need sustained 

commitment to materials research 

ÅNeed to differentiate temporary fluctuation from long -term 

trend 



Example of effort required: actions to reduce 
impacts on steel and ceramics, 1981 report 

Å Considerations 

ï Reformulation to replace/reduce 1-2 elements 

ï Full substitution with a new material 

Å  Requirements for viability 

ï Matching materials function 

ï Materials synthesis and processing chemistry 

ï Path for scaleup  

ï Lifetime (wear, corrosion) 

ï Integration and compatibility with other materials 

Å Barriers to introduction of a modified or 

substitute material are high None of these is a current ECE 



e.g. Reformulation in response to Re pricing 



Opportunities for research: raw materials 

Å Increase mine extraction chemistry efficiency 

ÅNew, sustainable and cheaper processing 

ÅSeparations and purification chemistry for recycling 

Ȱ ÉÆ ÔÈÉÓ ÍÕÃÈ ÏÒÅ ÉÓ ÍÉÎÅÄ ÁÎÄ 
processed to produce one nickel and 
copper coin, imagine the mineral 
resources needed to build a 
ÓËÙÓÃÒÁÐÅÒȢȱ 
 
 Metal, mining and the 
environment,  American Geological 
Institute 
 
 



Opportunities for research: product design and 
materials substitutions 

ÅDesign for recyclability 

ÅReformulations and new materials 

Å Improved materials durability and product lifetime 

www.WindSimplicity.ca 
2011 Design for Recycling Award 

Analysis of possible new photovoltaic materials 
considering cost to extract and potential efficiency 
Wadia et al, Environ. Sci. Technol. 2009, 43 

FeS2 

CdTe 

CIGS 

a-Si 

http://www.WindSimplicity.ca


Opportunities for research: manufacturing 

ïImprove process materials efficiency 

ïProcesses using recycled instead of 

newly mined materials 

 



NASA Goddard Space Flight Image 

Each nation assessing its critical element list and developing new 

supplies 

Å All include lanthanides (REE), platinum group, Li and Co 

Å New and reopened mines 

Å Stockpiles, capture of solid waste for recycling 

Å Building on ongoing sustainability activities (reduce/re-use) 

Å Recycling higher priority than substitution in general 

7ÏÒÌÄȭÓ ÒÅÓÐÏÎÓÅ ÔÏ ÃÕÒÒÅÎÔ ÓÕÐÐÌÙ ÉÓÓÕÅÓ 


