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Cost of metals used in hiech devices soars
as China limits supplies

Europium oxide, used in energysaving
lightbulbs, plasma TVs and smart phones,
has leaped from $1,260 a kg to $3,400

ire earth material shortage could hit

pile phones
by:Qan Talley Fromow Jones
vswires April 19, 2010 11:35AM

Ton
The Observe

Rare-earth mineral shortage drives companies to China
ByPhysicsToday on August 25, 2011 10:41 AM

Commodities Commentary

The Rare Earth Metal's Shortage
Michael Berry, 10.06.09, 05:21 PM EDT
U.S.petroleum imports are the problem y(
know. The rare earth metalsshortageis jus

Rare action

Corporate Japan adjusts quickly to a
shortage of rare earths

Jan 20th 2011 | TOKYOtlhe Economist

emerging U.S. Called Vulnerable to Rare Earth

Shortages

By KEITH BRADSHER

Published: December 18010, NY Times
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Unobtainium(Ub)

An element that is required for
<technology/product> but whose supply
cannot meet demand, usually characterized
by unigue properties and large price

fluctuations.



Energy critical elements: economics
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Abundance and availabllity

12 rockforming elements >99% of -
%AOOEGO AOOOO ‘

Useful ores have local enrichment
of scarce elements byubstitution
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Metals substitute into compatible
latticesz ores are metal mixtures

Au, Ag andPt have exceptional
chemistry- can be highly enriched

Au inclusions in goldjuartz
Nevadaoutback-gems.coniprospect/goldspecimen/Goldores.htm



Production issues

A Poorly understood geology

A Low concentrations of desirable
elements

A Unfamiliar metallurgy of ce
produced metal mixtures

L G- TR ey R S
Bayan Obo Mine, Inner Mongolia,
Bastnasite(Google Earth)
P ) TG

.



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

cal875

Malakoff
Digging CA

Historical photos from uc



LasMedulas Roman Era hydraulic mine

Described by Pliny the Elder, 77AD. Photo by Rafael Ibanez Fernandez

whc.unesco.orgen/list/803



What controls commercial availability? Supp

Known REE deposits
From theMITEetAPSMRS reportpl4

A Resourcesabundant known

Baurite Interitos
Carbonatite complexes

deposits Apponsbyina
A Economics of cgroduction

A Reservessubject to market
forces 1 Elements extracted as mixtures

. that must be separated
I New sources can only respond

slowly to increased demand <5 I Abundant cheaper element may

limit supply of rarer element

years)

i Affected by political events A Regulations

i Risk when supply is concentrated I Stricter rules in richer nations
in a fev places i Hazardous wastegactinide-

i Recycled ECE not significant enrichedtailings



What controls commercial availability? Dema

Price of Indiunvstime A Consumption in new products

i Energy technologies to replace fossil
: | fuels, energy storage
I Mobile electronics and other consumer
items, transportation
A Product lifetime and recovery of

materials

I Materials are sequestered in solar

panels, cars

laptops

I Electronic devices have tiny amounts of
TVs

: many ECE, expensive to recycle
From theMITEetAPSMRS report, 20



e.g.Te, byproduct of Cu mining

e (0.0000001% of earth’s crust (compare gold -- 0.0000004%)

e Key in CdTe thin-film photovoltaics

e 9gm/m? & 10% efficiency — 1/10 gm(Te)/W or 100 tonnes/GW'
e =20 - 25% capacity factor — 400 tonnes(Te)/GW 2

1Capacity - assumes 1000 W/m? constant insolation
2Delivered — assumes 250 W/m? average insolation

World Annual Production

Tonnes of Tellurium* |
150 -
il R e World electric consumption (2006)
100 | |- i 1l NU W B g ~ 2000 GW 1
I S * Te “Reserve base”
50 - ~ 48,000 tonnes* — 120 GW
§; * USGS Mineral Commodity Summary
—— t USEIA
§ ?; g g R. Jaffe, MIT




Deployment of
grid connected
photovoltaic
installations in the
U.S. 2000-2010

LOOE-OS

LLOOE 06

First Solar.

LOOE-07

First Solar Passes $1 Per Watt Industry Milestone
Company Cuts Manufacturing Cost to 98 Cents Per Watt in Fourth Quarter

First Solar and Ordos Take Key Step Forward in 2GW China Project

Nov. Pal |
Cooperation Framework Agreement Signed Duriiig China-US Presidential Summit

R. L. Jaffe, June 7,201 | $0.76 today | ——




Will Te supply obstruct large scale
deployment ofCdTephotovoltaics?
A StudiesaskO) O OEATAI AADECRA
I OAO 88 UAAOOebd
A Answers®@ AO688a0PDOT AAAI Ud 8¢

N\

| T Oo®8 801 |

Disruptions and discontinuities

mm) |in supply and price are the
problem, not resources




Response to materials scarcity

ASAOCAIIT B OAEAT OEZLZEA Ol AAOO
underpin efforts to develop alternatives and substitutes for
critical and strategic materials

A Role and mechanism of these elements in controlling
behavior

A Principles that will lead to alternatives and substitutes

A New and unconventional processing for modifying and
controlling materials behaviors



Response to materials scarcity

A$SAOAT T B OAEAT OEAEA Ol AAOO
underpin efforts to develop alternatives and substitutes for
From the Critical and Strategic Materials Proceeding

of the Laboratory Study Group Meeting

A
US Department of Energy
Office of Basic Energy Sciences
A April 1213, 1983 S
A d

controlling materials behaviors



Cyclic scarcity

A Current rare earth element supply issues for new energy
OAAET T 1T CEAO AOA O&FI AOT O T E
I Post World War 1l scarcities due to reconstruction and stock depletion

I Crude oil supply drop in early 70s led to strong PV effort, which was ther
back when supplies increased

I Cr, Co, Ta and Ti supply disruptions in late 70s led to critical materials
research in alloys, ceramics, polymers, coatings

A new disruptions will surely happerg need sustained
commitment to materials research

A Need to differentiate temporary fluctuation from long -term
trend



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

A Considerations NBSIR 82-2495

. : Conservation and Substitution
I Reformulation to replace/reduce4 elements Technology for Critical Materials

Volume I

T Full substitution with a new material

A Requirements for viability s of P oo s

U.S. Department of Commerce/National Bureau of Standards
and U.S. Department of the Interior/Bureau of Mines

I Matching materials function
i Materials synthesis and processing chemis (iR
i Path forscaleup

I Lifetime (wear, corrosion)

I Integration and compatibility with other materials

A Barriers to introduction of a modified or

substitute material are high N T ——




Reformulation in response to Re pricing

WL W
The Rhenium story (GE — 2005/2010) 0, M

* Rhenium — critical for high
performance turbines (CCGT)

* Rarest of all metals (1/10 of gold)

~ 25 kg Re per
General electric — major Re consumer gas turbine
* Anticipated the problem Rheniumin US$ per kg

* Recycled both pre- and post-
consumer scrap to forestall shortage

I | ne_1 i i

$10,000
|
e Mounted a major R&D program to g2l o] |

develop new Iow Re alloys o Wn Wm w A eR G0 S An A e e me e me

* Success over 5 years ek 10Years On GAnsony L (2009
R. L. Jaffe, June 7,201 1 L [ — o




Opportunities for research: raw materials

A Increase mine extraction chemistry efficiency
A New, sustainable and cheaper processing

A Separations and purification chemistry for recycling

O EA£ OEEO | OAE 10
processed to produce one nickel and
copper coin, imagine the mineral
resources needed to build a
OEUOAOADPAOS8OG

Metal, mining and the
environmen American Geological
Institute




Opportunities for research: product design and
materials substitutions

A Design for recyclability
A Reformulations and new materials

A Improved materials durability and product lifeti

2011 Design for Recycling Awarc

Analysis of possible new photovoltaic materials
considering cost to extract and potential efficien
Wadiaet al, Environ. Sci. Techn@009, 43



http://www.WindSimplicity.ca

Opportunities for research: manufacturing
I Improve process materials efficiency

I Processes using recycled instead of

newly mined materials

© R oFG &

Call for proposals

The G8 Research Councils Initiative on Multilateral

Research Funding

Second Call for Proposals from an initiative between Research Councils from Canada,
France, Germany, Japan, Russia, the UK, and the USA'

Interdisciplinary Program on Material Efficiency — A first ste
towards sustainable manufacturing




71 Ol A6O OAODPI 1T OA
Eachnation assessing its critical element list and developing new
supplies

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

A New and reopened mines

A Stockpiles, capture of solid waste for recycling

A Building on ongoing sustainability activities (reduce/reuse)

A Recycling higher priority than substitution in general

NASA Goddard Space Flight Imag




