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The Elements
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China dominates the rare earth metals

NRC—Hande|Sb|ad January 16 20 10 Hybrid cars, flat screens, and 'solar panels _contain rare

(earth) metals. Most are obtained from China and
unstable regions. The Western world is vulnarable.

uropa afhankelijk van rest van de wereld voor kritische metalen

De taartdiagrammen geven het aandeel aan van de totale wereldproductie
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Without rare earth metals, no car

NRC-Handelsblad January 22, 2010
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Years till Exhaustion

at consumption at 2008 level
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Supply Risk
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Scarcity of Minerals

EXPORT QUOTA MAIN APPLICATIONS

(20101

Full export ban Permanent magnet [electrical

vehicles: windturbines)

ca. 9.000 tonnes? MitMH battery [electrical vehicles) Rare earth

ca. 5.000 tonnes? Parmanent mag
vahicles, windtur

57 500 tonnes Semiconductors,
14.300 tonnes High-performane
cutting tools

- Semiconductor s
defense)

China keeps rare earth
metals for itself

(NRC — Dutch Newspaper)

Chinese share of
world production

Gallium
metals

China’'s Rare Earth Element Export Quotas

Export Quotas

(Tonnes Rare Annual

Earth Oxides) Change
2005 65,609 -
2006 61,821 —£%
2007 59,643 —4%
2008 56,939 —5%
2009 50,145 —12%
2010 30,258 —40%
2011 30,184 —0.24%

(Source: Kingsnorth 2010 and Scott 2011)

The Hague Centre for Strategic Studies, 02/01/2010
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Scarcity of Minerals - China
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the largest worldwide
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Source:
IMCOA 2009

Scarcity of Minerals - non-China

Bayan Obo 1,460
Kvanefjeld Greenland 215
Mountain Pass 20
Nechalacho 65
Mt Weld 12

Relative Abundance of
Rare Earth Elements

Mt Pass
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World Reserves United
o Other States
countri 12%
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pr- __— Australia
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48%

$80
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2011 2012 2013

World Reserves
in million tons (USGS 2012)
United States 13
Australia 1.6
China 55
cis 19
India 3.1
Other countries 22
Total 114
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Rare Earths & Precious Metals
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EU Critical Materials for Energy

Rare earth prices vs. gold and silver
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Critical Metals in 11/11/°11
strategic energy technologies

14 Assessing Rare Metals
critical as supply-chain bottlenecks in
metals low-carbon energy technologies

Te In Sn Hf Ag Dy Ga Nd Cd Ni Mo ¥V Nb Cu Se Pb Mn Co Cr W Y Zr Ti
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Importance to clean energy

US DOE 2011 Critical Materials List (16)

Short-Term (present—2015) Medium-Term (2015—-2025)

Neodymium Dysprosium

Yttrium

Dysprosium
Europium

(high) Cerium
Lanthanum . |
Tellurium ' EHropiam o7
3 R Reduce the use rium ‘I"ttram =

Lithium R Recycle for re-use
Nickel ,@ Coba
> Galli

® @

49 Cerium Lanthanum
Cobalt Manganese

R Replace - substitute Gallium Praseodymium

Indium

arium

1 (low) 2 3 4 (high) . 1 (low) 2 3 4 {high)

Supply risk Supply risk

B Critical [ Near-Critical [ Not Critical

All Energy Related - pv coatings, magnets, batteries, phosphors
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