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Material Scarcity 

– in Search of Solutions –

Endangered Elements
- Metals and Phosphorus -
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The Elements

solar panels

food & life

catalysts

lights

magnets

batteries
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China dominates the rare earth metals

NRC-Handelsblad January 16, 2010 Hybrid cars, flat screens, and solar panels contain rare 
(earth) metals. Most are obtained from China and 
unstable regions. The Western world is vulnarable.

Magnets Nd, Dy, Tb, Sm
Solar Cells Pr, Yt, Yb
Phosphors Eu, Y, Tb, Ce
Catalysts Ce, Rh, Pt, Pd
Batteries La, Li, …
Electronics Ni, Ta, Ga, In, Ge
Optics Ge, Ta, La
Lasers Y, Er, Ho, Dy, Tb, …

Dutch National Newspaper
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Without rare earth metals, no car

NRC-Handelsblad January 22, 2010 

Neodymium

500 g

Toyota Prius
Mercedes S 400

200 kg

Windturbine 16m

Dutch National Newspaper

Hybrid Elec. Motor Hybrid NiMH Battery
Nd, Pr, Dy, Te La, Nd, Ce

Nd, Dy, La Eu, Y

Gd

Eu, Y, Ho

Tm, Er

Just like many other Novel Technologies
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War on Unobtanium

Years till Exhaustion
at consumption at 2008 level

Years till Exhaustion
at consumption increase to 50% of US rate



VU University, Amsterdam

S
u

p
p

ly
R

is
k

Economic Importance

China major producer

US study
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EU Critical Materials List
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Scarcity of Minerals
Chinese share of 
world production

The Hague Centre for Strategic Studies, 02/01/2010

China keeps rare earth 
metals for itself 

(NRC – Dutch Newspaper)

Rare earth
metals

Gallium

Germanium Indium

China's Rare Earth Element Export Quotas 
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Scarcity of Minerals - China

Bayan Obo Mine, Inner Mongolia
the largest worldwide 
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Scarcity of Minerals – non-China

Relative Abundance of
Rare Earth Elements
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Molycorp
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Rare Earths & Precious Metals

Global Precious Metals Reserves

Scandium, Ytrium, and the Lanthanides Economic Importance
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Precious, Rare Earth, and Major Industrial Metals

Buijs, Sievers, Terzero Espinoza Polinares 2011. 

WGI Worldwide Governance Indicator
vs

Hersfindahl-Hirschman Index

Σ (market share)2 of 50 largest firms

Above 2500 means highly concentrated
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Te: 50%
In: 19% EU Metal Need in 2030 as % of 2010 World Supply

14 
critical 
metals

EU Critical Materials for Energy
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Critical Metals in 11/11/’11

strategic energy technologies

Assessing Rare Metals 
as supply-chain bottlenecks in 
low-carbon energy technologies
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All Energy Related – PV coatings, magnets, batteries, phosphors

Short-Term (present–2015) Medium-Term (2015–2025)
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US DOE 2011 Critical Materials List (16)

R Reduce the use

R Recycle for re-use

R Replace - substitute
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