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MINERALS NEEDED FOR
EMERGING GREEN
TECHNOLOGIES
AND CRITICAL MINERALS
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Schedule

Field reports due April 30

commodities presentation by students
on May 7

project presentations on May 7
Final and project report due May 10



The US is 80%
dependent for
supply of 31
minerals.

This
dependency
Implies
criticality.
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Essential for industry and emerging
technologies and few or no
substitutes exist

* All minerals have the
potential to be critical

e Essential in use and
subject to supply risk

e Differs over the short
term, moderate term,
and long term

http://www.nma.org/pdf/101606_nrc_st
udy.pdf

MINERALS, CRITICAL MINERALS,

AND THE U.S. ECONOMY
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Strategic minerals

* National security and military needs or
requirements during national
emergencies
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Green minor metals—basis for
cleaner technology innovation

e Indium @2 ey

e Germanium ——
* Tantalum v
« PGM e
e Tellurium

e Cobalt

e Lithium

e Gallium

« REE

http://www.unep.fr/shared/publications/pdf/DTIx1202xPA-Critical%20Metals%20and%20their%20Recycling%20Potential. pdf



Minerals required for clean
energy technologies

Lithium

Cobalt c% . U (e
Gallium A '&r;tti;:r?:llls
REE, Y

Indium

Tellurium

http://www.energy.gov/news/documents/criticalmaterialsstrategy.pdf



Antimony
Beryllium
Cobalt
Fluorspar
Gallium
Germanium
Graphite
Indium
Magnesium
Niobium
PGM

REE
Tantalum
Tungsten

European Union

Critical raw materials for the EU

Report of the Ad-hoc Working Group on
defining critical raw materials

The ad-hoo Warking Group is a sub-groun of
the Raw Matedals Supply Group and s
chaired by the Burcpsan Comrmission

‘Werskom of S0 -Juky 2080

lean Business

Moie: The full nreport willl b= asallable on the
Epterprise and ndustry Dreclombe Senenal wenile ==
REpLEC suTCpa ssteTiE s aipodici B s i

mm maafi=rakdocumentsfind=x_=n.him

We M

http://ec.europa.eu/enterprise/policies/raw-materials/files/docs/report-b_en.pdf



Russla .
Platinum Group Metals * »

Inclia
Graphite

Japan

Indium

China

. Antimony
Benglium
Flumi spar

. Galllum

. Garaphite

Lzermarninm

Indium

Magnesium

Rare earths

Tungsien

Flunrspar

-

Brazil
MNiohium
| andalviim

Demacratic Republic of Conge - *
South Africa Cobali Rwanda -~

Platinum Group Melals = Tamalum = lantaluin



Global demand of the emerging technologies analysed for raw materals in 2006 and 20320 related to today’s total world production of the specific raw rmaterial
[Updated by BGR April 20100

Raw material Production Demand frlfrm emerging Demand frum enmerging Indicatorl) Indicator1) 2030
2006 () technologies 2006 (t) technologies 2030 (t) 2006

Galliurn 152 &) 28 s03 0,18 3,97
Indiurn o811 234 1,911 0,40 3,29
Gerrmanium 100 258 220 0,23 2,20
Meodyrmiiurn [rare earth) 16,200 4,000 27,900 0,23 1,66
Platinurn [PSM) 255 very srmall 245 0 1,35
Tantalurm 1,384 951 1.410 0,40 1,02
Silver 19,051 3.342 15,823 0,28 0,83
Cobalt 52,279 12,820 26,860 0,21 0,43
Falladium [PEK) 267 23 T 0,09 0,29
Titaniurm 7.211.000 2] 15,397 28,148 0,08 0,29

Copper 15,093,000 1.410,000 3,696,070 0,09 0,24

1The indicatar mmeasures the share of the dermand resulting from driving ermerging technologies in total today's dermand of each raw material in 2006 and Z030;

21 Ore concentrate




WHAT ARE GREEN
TECHNOLOGIES?

Thin Film CIGS Solar

Lithium Battery

Battery pack for second generation
Toyota Prius.

Source; hybridcars.com 02 Micran Hallon Aclivaled

Fiber Filles Molycorp Media Cartan




$ What are green
*%s technologies?

Environmental technologies or clean technologies

Future and existing technologies that conserve
energy and natural resources and curb the
negative impacts of human involvement, I.e.
environmental friendly (modified from Wlklpedla)

— Alternative power (wind turbines, solar energy)
— Hybrid and electric cars - '
— Batteries
— Magnets

Other technologies

— Water purification

— Desalination

— Carbon capture and storage




WHAT MINERALS ARE USED IN
THESE GREEN

Bismuthinite - Bi, 5,

beryllium tuff (USGS
OF 98-524)

Monazite
http://mineral.galleries.com

Kernite http://www.borax.com



[ solar panels/photovoltaics
B wind turbines

B batteries
[] magnets
[ other
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Elements in Computer Chips

(National Research Council, 2007)

[ elements needed in 1980s

. additional elements needed today He
Li || Be . c . . Ne
e [ HEE - EE
K Ca || Sc Ti V Cr || Mn|| Fe || Co || Ni Cu || Zn Ge Se || Br Kr
Rb Sr Y Zr Nb || Mo Te Ru Rh Pd || Ag Cd In Sn Te | Xe
Cs || Ba La Hf Ta w Re || Os Ir Pt Au Hg TI Pb Po At Rn
Fr Ra || Ac

Ce Pr Nd ||Pm |[|[Sm || Eu || Gd || Tb Dy Ho Er Yb Lu

Th || Pa U Np |[|Pu||Am||Cm || Bk || Cf || Es [| Fm d || No || Lr




Common minerals

Cement/concrete
Copper

Steel

Aluminum
Titanium



TABLE 2.2 Some Minerals and Thewr Weights and Properties in Today's Automobile

2006 Weight

Mineral (pounds/kilograms)  Property

Iron & Stesl 21247 963 High strength, duwrability (frame, motor)

Aluninum 240/10% Light weight (frame, motor)

Carbon 50,23 Bond strengthener (tirez and other rubber parts)

Copper 42/19 Electncal conductivity

Silicon 41/19 Bonding properfies (windshields and windows)

Lead 24/11 Conductor (storaze batteries)

Zinc 22/10 (ralvanizer, strengthens in metal zlloys (die cast parts
and galvamized metal)

Manganszs 17/8 Hardens as metal allovy

Chrommum 137 Corresion resistance and hardness as metal alloy

MWickel 9/4 sirength at elevated temperature and corrosion
resistance as metal alloy

Maznezum 4.5/2 Alloying element with other metals like alumomom

Sulfur 209 sirengthens rubber tires

Molvbdenum 145 Strength and toughness as metal allov

Vanadmm <1/=0.45 Strengthens, hardens, lighter weight as metal alloy

Platinum 0.03-0.10 trov ounce Catalytic properties (catalytic converters)

1.5 =30 zrams

http://www.nma.org/pdf/101606 nrc_study.pdf



Table 2-1. Materials in Clean Energy Technologies and Components

CLEAN ENERGY TECHNOLOGIES AND COMPONENTS

Solar Cells Wind Turbines Vehicles Lighting

PV films Magnets Magnets Barteries Phosphors

Lanthanum L] [ ]
@ L] [ ]
:;_.,t_, Prasecdymium . » [ ]
:% Neodymium L L ]
S
E Europi - -
o pium ®
E Terbium L
27 Dysprosium ® [

Yitrium [ ]

»

Gallium L]

Tellurium L]

Cobalt L

Lithium L]




The Promise of Clean Energy
Applications for REPM

Traditional — disc Grams
drives, personal
electronic devices,

etc.

Hybrid and electric
vehicles — direct
drives and electric
assist motors

Kilograms

Direct Drive Wind
Turbines

Metric Ton

http://www.reitausa.org/storage/Challenges%20Facing%20New%20Global%20Rare%20
Earth%20Separation%20Plants.pdf



LV CUT GLASS
« G

GLASS AMD MIRRORS
POLISHING POWDER
F}IEEEL FUEL ADDITIVE il ——_—
R : f - Earophum
LaniPusfiuim II| Vitekin
COMPOMENT SEMSORS
© - YWiHrRim
HYBRID MiMH
BATTERY ——
= lLantha
oo HYBRID ELECTRIC
MOTOR AMD GEMERATOR
- Hedymium
- Prasgody mium
CATALYTIC CONVERTER - Dysprosium
« Gt | Frcosnium = Tk
- LEnthanum
254 ELECTRIC MOTORS HEADLIGHT GLASS
THROUGHOUT VEHICLE T T
- Nd Magnats

Toyota Prius
2.2 Ibs Nd in magnets
22-33 Ibs La in batteries

http://www.molycorp.com/hybrid_ev.asp



Molycorp  Applications For Rare Earth Elements

-Petraleum rafinin EIEEt e TRGRE g SO
-Chemical pr{]mﬁgng -Display phosphors -Optical glass
-Catalylic corverter {CRT, PDP, LCO) -UV resistant glass
-Diegel ndditives ~Madical imaging ~Thermal control
sIndustrial pollution phosphors il Ly
sorubber | -|_,.5|m=_|r5 . =Colonzars’
-Fibar Optics Decolorzers
Catalysts -Opiical tempera- Glass
ture sensors
Rare Earths
&_ {Capacitors
] i ~SENS0rs
@ -Colorants
Dﬂ"l er _ : -Scin’rll.lﬂtnrs
-Water Treatment Ceramics
-Fluarascent lighting
-Pigmanta
-Fertilizer
-Medical Tracers
~alings -Anti-lock brake system
Magnets = -Automotive patts Metal Alloys
-ChmnLRIGAton SRR -Hydrogen storage (NIMH
-Motors -Elactric drive & g ge i
-Disc drives & disk drive  propulstion gﬂ“ﬁ“ﬁl- Fuel cells)
molors JFrictionless bearings :L.m:tler At
-Power generation -Magneatic storage disk -.ﬂ.l?n'nlnuw' Mannesim
-Aclualors -Microwave powar tubes sk o g
-Microphones & speakers -Magnefic refrigeration SR
-MRI -Magnetostrictive alioys it

i 2008 Molycorp Minerals, LLC



Significant Growth in Portable Lithium-lon

Batteries

- Mobile Electronics

WESTERN we

LITHIUM



Aerospace

[ [ [ I I I | I I [ I [
15900 1920 1940 1960 1980 2000
| I I |
Wood/ Steel Wire/Fabic me | | | |
| Wood Monocoque l | |
I steel/Al Framing/Wire/Fabric s | |
Al Stressed Skin and Forgings
I | HT5 Steel Forgings
| | Mg Sheet and Forgings s
| | Stainless Steel
| | | Ti Plate, Forgings, Castings
Polymer Matrix Composites
' | | | | MMC 7 == s
| | | | | |
] | | | I |
1900 1920 1944 19460 1980 2000

Year

FIGURE 1.1 Aerospace frame materials and time of thewr mfroduction. Adapted after Aw Force Seienfific Advisory

Board (1996)

http://www.nma.org/pdf/101606 nrc_study.pdf



Photovoltaics

+ Specialty * Bulk

— Commercial - Steel
+ Silicon — Aluminum
+ Silver — Copper
. Tellur.ium — Adhesive

E- Catlzlmlum — Insulating

- merg[ng — Concrete
* Indium -
+ Selenium ~ Plastic
+ Molybdenum
+ Gallium
+ Germanium
+ Arsenic

+ Ruthenium

— Many minor materials (Ni, P,
Zn, 5n, S, N, H, more)

Ken Zweibel, GW Solar Institute, “Minerals for a Green Society”, Metallurgical Society of America, Feb 4, 2010



Photovoltaics

Approximate Amounts (2010)

Thickness aqw Cost ($/g, $/W, Competing Uses | Concern (mid- &
(microns), g/m2 $/m2; bulk, long-term)
(90% use) pure)
Te Jum; 10-12 g 0.1gW (@ $0.3/g, $0.03/W, Few and small Price & Supply, and
110 Wim2) $3.3/m2 Intrinsic Availability
In 1-2um; 2-4 g 0.02-0.04 $0.5/g, $0.02/W, LCD (large and Price & Supply, and
(InfGa = 4) g’W (@ 110 | $1.5/m2 valuable) Intrinsic Availability
Wim2)
Ga |1-2um;051¢g |0.005-0.01 $0.5/g, $0.005/W, | Few and small Price & Supply, and
(InfGa =4) g’ (@ 110 | $0.4/m2 Intrinsic Availability
Wim2)
Mo | 1um;10g 0.1g/W i@ | $%0.02/g, Large Price
110 Wim2) $0.002/W,
$0.2/m2
Se 1-2 um; 3.5-7 0.03-0.08 %0.1/g, $0.005/W, | Large and Price & Supply, and
g/m2 gW (@ 110 | $0.5/m2 valuable Intrinsic Availability
Wimz2)
Ag | 30 g/m2 0.2 g/W (@ $0.5/g, 0.09/W, Large and Price
160 W/m2) $15/m2 valuable
Cu Large and Price
valuable

Ken Zweibel, GW Solar Institute, “Minerals for a Green Society”, Metallurgical Society of America, Feb 4, 2010




Photovoltaics

Approximate Future (2030) Amounts

Thickness aqw Cost ($/g, /W, Competing Uses | How?
(microns), g/m2 $/m2; bulk, pure
(90% use) feedstock), 2010
prices
Te 203um; 2 g 0.013 g/W %0.5/g, $0.007/W, | Few and small Thinner CdTe,
(@ 150 $1/m2 Higher Efficiency
Wimz)
In 075um; 1.5Q 0.01 g/W $1/g, $0.01/W, LCD (large and Thinner CulnSe2
(InfGa=4) (@ 160 $1.5/m2 valuable) Alloy, Higher
Wimz2) Efficiency
Ga ([075um;04qg 0.0025 g/W | $1/g, $0.0025/W, | Few and small Thinner CulnSe2
for | (In/Ga=4) (@ 160 $0.4/m2 Alloy, Higher
clIs Wimz2) Efficiency
Mo |05um;5¢g 0.03g/W (@ | $0.02/g, Large Thinner Mo contact,
160 Wim2) $0.0006/W, Higher Efficiency
$0.1/m2
Se |0.75um;26 0.016 g/W %0.2/g, $0.003/W, | Large and Thinner CulnSe2
g/m2 (@ 160 $0.5/m2 valuable Alloy, Higher
Wimz2) Efficiency
Ag 15 g/m2 0.07 g/W (@ | $1/g, 0.1/W, Large and Higher Efficiency
220 Wim2) $15/m2 valuable
Cu Large and
valuable

Ken Zweibel, GW Solar Institute, “Minerals for a Green Society”, Metallurgical Society of America, Feb 4, 2010




Permanent Magnets

Automotive e Fe
Electronics e SM-Co
Appliances  Nd-Fe-B
Medical e Cu-Ni-Fe
Military  Fe-Cr-Co
Aerospace e Al-Ni-Co
Automation

Wind turbines



The Magnet Family

= ;ii

3/30/2007 Robert Wolf Data Decisions / Alliance LLC 16



History of Magnetic Materials

)

g
NdFeB
NdFeB
45 MG

Emzc‘:'n
SMCa “

30 MGOs || 30 MGOs
20 b4

. Feriles
—

L Alnico
| KSSteel | |

MK Steel [
25 MG ‘
I
1930 1940 1950 1960 1970 1980 1990 2000 2010

3/30/2007 Robert Wolf Data Decisions / Alliance LLC



Magnetweb.com

irmevative Wagrel! Appiications

EOEEON

$7.5B

NdFeB
Ferrite
Alnico
SmCo
Cthers

$1.0B

$2.5B

£400M

$200M

S100M

Global value growth of
permanent magnets

2006

media storage,
office automation,
automaotive

1994

IT'FC boom

1985

discovery of NdFeB
cobalt erisis

1975

L‘ discovery of SmCo
1965

1955

discovery of ceramic ferrite

2007 Magnetics Conference




Permanent Magnet Types & Strength

60
20
40
30
20
10

Varying Magnetic Strengths (MGO)

i

Fermrite

Aluminum Nickel  Samarium Cobalt  Neodymium lron
Cobalt Boron

\

Rare earths




/ Yaw drive

Rotor blade

L .- Drivetrain

Gearbox
Generator

Control
system

Brake

Wind Turbine Nomenclature

Wind
turbines

Wind Turbine — Materials and Manufacturing Fact Sheet August 29, 2001

Wind Turbine - Materials and Manufacturing

Fact Sheet

Prepared for the Office of Industrial Technologies, US Department of Energy
By Princeton Energy Resources International, LLC.
Dan Ancona and Jim McVeigh



Table 1. Turbine Component Weight and Cost

Component o of 7o of
Machine Machine

Weight Cost [5]

Rotor 10-14 20-30
MNacelle and machinery, less 25-40 25
Gearboxand | 5 4 10-15
drivetrain
(Generator systems 2-6 2-15
Weight on Top of Tower 35-50 MNA

Tower 30-a5 10-25




Table 3. Percentage of Materials Used in Current Wind Turbine Component

Large Turbines and {(Small Turbinesq}
Component/ Carbon
Material Permanent| Pre- Glass Wood Filament
Magnetic |stressed| Steel |Aluminum |Copper|Reinforced E 4 | Reinf d
0 . Materials |Concrete Plastic * Poxy ein ':.H:E
(% by weight) Plastic
Rotor
Hub (95) - 100 (5)
Blades| 5 95 (95) (95)
Nacelle * (17) (65) - B0 J-4 14 1-(2)
Gearbox ] 98 -(100) (0)-2 (=7)-2
Generaton (50) (20) - 65 (30) - 35
Frame, Machinery . - : .
2 Shell 85-(74)| 9-(50) |4-(12) 3-(5)
Tower 2 98 (2)
MNotes:

1. Small turbines with rated power less than 100 kW- (listed in italics where different)
2. Assumes nacelle 1s 1/3 aearbox. 1/3 aenerator and 1/3 frame & machinerv

3. Approximatelv half of the small turbine market (measured in MW i1s direct drive with no aearbox

4. Rotor blades are either glass reinforced plastic, wood-epoxy or injection molded plastic with carbon fibers

Wind Turbine — Materials and Manufacturing Fact Sheet

August 29, 2001

Wind Turbine - Materials and Manufacturing
Fact Sheet

Prepared for the Office of Industrial Technologies, US Department of Energy
By Princeton Energy Resources International, LLC.
Dan Ancona and Jim McVeigh
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[ solar panels/photovoltaics
B wind turbines

B batteries
[] magnets
[ other
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Indium In solar panels

* 50 metric tons required for enough solar
panels to provide 1 gigawatt of energy

» $500/kg in 2009

e 2008—US used 800 megawatts of energy
by solar panels connected to the grid
(0.1% total US energy)

e 600,000 metric tons reserves in the world
In 2009

— Zinc sulfide deposits
— Tin-tungsten veins
— Porphyry copper deposits




Beryllium

* Nuclear industry

— Fuel rods
— Shielding

e Telecommunications

* Modules for engine control
computers, including in hybrid
automoblles

e Solar industry in energy focusing
assembly and storage units



FACT SHEET

What's in my
Cell Phone?

Arzenix (pallimm arsemide in the amplifier
and receiver). Mimed iz China, Chils,
Merecoo, Pz, Kazakbsten, Rassiz, Balgum
axd Maxico

Copper (circosrry). Mized m Chila, Umred
Siatea, Pary, Chima Awsiralia, Rnssiz,
Izdonesia, Canada, Zembiz, Peland, Karkkctan
pzd Maxico

Gallimm (gallimm arsenide]). Mingd m China,
{Fermzazy, Kazzkhszaz 2zd Ukraing.

Gold {circuitry). Minsd mn Chiea, United
Siates, Awstrali, Seuth Afca, Para, B,
Canada, Urbekiszzn, Ghana, Papnz Kewr
Coinea, Indezssiz, Brazil, Maxice apd Chils
Mlsgnesium compounds (phome case)

Mized in Chiza. Tuzkey, Nort FKorsa, Buszia,
Slovekia, Anstriz, Spam, Australie, Braszl,
Greecs, India end the Unitad Staces

Palladinm {cereniry). Mined m Rasss, Sozth
Africa, Cenada, United States azd Zizababws.
Platimmm (circuiory). Mm=ed in South Afnca,
Ruszcia, Cezads, Firsbabors, Trnited Siades and
Colombiz.

Silver {cirenimry). Mined m Pame, Blaxice,
Ching, Awmstralia, Chile, Rassia, Usited Stabes
Poland, Bolivia end Cazada

Tumpsten (circoimry). Minsd m China, Russia,
Canada, Ansema, Bolivia and Pestagal.

A mmlticzds of petrelenm prodoces ars zeed iz
caltolar phomes.

INTERESTING FACTS

= Abemt 130 million cell phones ars rabred
annualiy = the United Stxtes. Collacomly,
teese call phenss weagh about 14,000 memic
toms. Anmualty refired cell phonaes contam
alezost 2,100 matric tons of coppsz, 46 metric
toms of ibmar, 3.9 metrc toas of geld, 2
ezedric tons of palladmm, 2=d 0.04 matric
toms of pletinem.

»  Recovery apd recyclizg of call phones ars
= the earhy stagas of denvslopmazt, as is the
cese for mecyclizg of elecTomics m general
For call phone racyclzg to grow, mcyclizg
st become scozomically vizkle. Efficiant
reconery infrestruciure, prodact desiges thar
mplify dismanding, and other cEanges 2
peeded to facilitate tos growth of call phons
tecyching.

»  (zalbme ampeedide is wsed in the ampliSiar and
TRIaivas.

»  Magzesinm compounds 2w 2lloyed to ke
s call pheons cases,

Minaral IrMarmation nstitute
af Affiiate of P EE Fourclabion

SME
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Graphite

graphite comes in three forms: amorphous, flake and vein/lump. Amorphous graphite
contains 70-75% carbon and is the most common. Flake graphite is 85-90% carbon and is
used for higher value applications like batteries. Vein/lump graphite is 90-96% carbon and
is most valuable because it requires the least processing.

graphite is used in refractories — used to line high-temperature equipment; pencils; lithium-
ion batteries — used in consumer electronics and electric vehicles; fuel cells; and Pebble
Bed nuclear reactors. It is used in foundries, lubricants and brake linings. Graphite is also
used to produce graphene, a tightly packed single layer of carbon atoms that can be used
to make inexpensive solar panels, powerful transistors, and even a wafer-thin tablet that
could be the next-generation iPad. Graphene, extremely light and strong, has been called
“the world's next wonder material "

the closure of graphite mines in China, which produces 75% of the world's graphite, has
resulted in a fall in global graphite production to 1.3 million tonnes per annum in 2011. Like
rare earths, China is restricting the export of graphite to protect its own domestic
industries. The second largest producer is India. followed by Brazil. North Korea, Austria
and Canada.

Graphite exploration is focused in Canada, with eight companies exploring properties in
Quebec and Ontario. Europe has a number of mothballed mines that could return fo
production.



The United States, Europe and China have included graphite among a short list of critical
metals.

the US Geological Service estimates the graphite market to be 10 times the size of the
market for rare earth elements. The graphite market is about the same size as the market
for nickel. 60% of the market is amorphous graphite and 40% is flake graphite. Most of the
growth is in flake graphite (see bullet point below)

natural graphite can be processed to make synthetic graphite useful for high-value
applications like lithium-ion batteries. but the process is expensive — 310,000 to

320 000/ton versus 33-4 000/ for flake graphite. The result is a race to find the best flake
graphite deposits.

graphite is different from gold. silver, copper, efc because users require a specific carbon
purity level. “It's security of supply that keeps you up at night,” says Berry.

33% of the graphite market produces refractories and crucibles (used in foundries). only
% Is for batteries. But the lithium-ion battery market is expected to grow by 25% a year.

Three of the largest lithium-ion battery makers in the world, GS Yuasa Corp, LG Chem and
Liotech, a consortium between Russia and China, are building the largest lithium-ion
battery plant in the world, in Russia. “Just these three heavy hitters in the battery space
are making multi-million dollar bets on the future of lithium-ion technology, which cannot
push forward without graphite,” says Berry.

future uses of graphite could include vanadium-redox batteries and hydrogen fuel cells.
Graphite could also potentially replace silicon in microchips and silver used in solar panels.

by 2020 world consumption of graphite will be 1.9m tonnes, which does not include
graphite needed for batteries, fuel cells and Pebble Bed nuclear reactors.

China will require 400,000 tonnes of large flake graphite for Pebble Bed nuclear reactors
and lithium-ion batteries will require 327,000 tonnes. The current supply of large flake
graphite is 400,000t, so there will be a need to double the supply of large flake graphite
used in batteries and nuclear reactors in the next eight years. "The takeaway is if you buy
into the electrification thesis, and I'm halfway right, demand should easily outstrip supply.”
says Berry.



WHERE ARE THESE MINERALS
FOUND?

Brines

Companhia Brasileira de Mealurgiae
Mineracao (CBMM), open pit mine for Nb,
Minas Gerais, Brazil

http://iwww.us.cbomm.com.br/english/sources/mine/operat/f_operat.htm




WHERE ARE THESE MINERALS
FOUND?

 Minerals are found in specific mineral deposits
containing predominantly one or more of the
minerals—Cu, Pb, Zn, Ni, PGM, Fe, Mo, REE,
Be, U, etc.

 Minerals are found as a by-product or trace
element in another type of mineral deposits and
would be recovered only if metallurgical
technologies are available and economically
feasible—Cd, Se, Mo, Te, Au, Ag, etc.

* Minerals are extracted from the material
remaining after refining of metals (anode slimes,
refinery wastes)—Ga, Ge, In, etc.
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Map showing the globa! distribution of REE deposits
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GENERAL COMMENTS

Many of these minerals do not require the tonnages we
are used to mine for metals like Fe, Cu, Pb, Zn—I.e.
smaller deposits

Some of these minerals are economically found in only
1-3 deposits in the world

Some of these minerals are found in areas of the world
that may not be economically unstable or particularly
friendly to the U.S.

— Minerals that provide major revenue to armed fractions for
violence, such as that occurring in the Democratic Republic of
Congo (GSA, Nov. 2010)

Some of these minerals come only from the refining of
metal deposits and are dependent upon that production

— Many Cu and Au deposits utilize heap leach technology, which
leaves other potential minerals unrecovered in the heap leach



US
production

Commodity 2009 mt

Cu
Au
REO

Be
Sb
As
Bi
Ga
Ge
Te

cement

1,190,000
210
0
120

385
100
0

5
W

71,800,000 2,800,000,000 73,800,000 $100/mton

World
production
2009 mt

15,800,000
2,350
124,000

140
187,000
52,500
7,300
/8

14

consumption
2009 mt

1,660,000

170
7,410

140
22,400
3,600
1,020
20

5
W

World
reserves

Price 2009 2009 mt

$2.3/lb 540,000,000

$950/0z
varies

$120/1b
$2.3/Ib
$0.92/Ib
$7.4/1b
$480/kg

$950/kg
$145/kg

47,000
99,000,000

15900+
2,100,000
1,070,000

320,000
1,000,000

450+
22,000



Comments

There are many REE deposits in the world,
iIncluding NM

The problem is in the processing of the
REE for the manufacture of the
components

Engineers are looking for substitutions that
would require other commodities and so
less REE could in fact be required

The technologies of the products are
changing more rapidly then we can get
mines on line



Comment

Analytical labs are swamped (i.e., too
long) and expensive

There Is a need for relatively quick,
Inexpensive methods to delineate drill hole
targets

Developing a procedure using a portable
X-ray fluorescent instrument to use In
stream sediment and soil surveys to aid In
exploration

This is one area we are looking at
— Strategic Resources is funding this work



SOME OF THE CHALLENGES IN
PRODUCING THESE
TECHNOLOGIES



Key Issues with Critical Metals

Supply Concentration due to deposit nature and location
Supply Concentration due to government subsidies

Cartel style supply management = guolas and stockpiles
Resource nalionalism — domeslic downstream beneficiation
Long term cost volatility & price uncertainty

Complex recovery processes — chemical plants

Stale controlled capital investment

omall size of market for some metals & the dread of over-supply
End product Innovation as demand driver

Policy as disruptive demand driver

Efficiency innovation & Jevon's Paradox

Substitution as demand destroyer

Failure of just-in-time procuramenl stralagy

Opportunity Cost: geopolitical, domestic, end-user

The Upslream Solution

The Downstream Solution

http://www.slideshare.net/Tehama/john-kaiser
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http://www.nma.org/pdf/101606 nrc_study.pdf



. The Mineral Footprint™ of Green Choices MMSA Minerals for a Green Society Symposium
Mineral Footprint Network Feb 4 2010 - Washington D.C.

5 Dimensions of Mineral Availability
WHAT Questions Must We Ask?

Geologic fh -!"w"-

\ 1 ¥ Does the mineral resource exist?
Availability w

iy

Technical = ¥ Can we extract and process it?
Availability :

O
O,
Gver
O,
®

v'Can we produce it in environmentally and socially responsible and acceptable ways?
Availability

Political

Availability ¥ How do governments influence availability through their pelicy and actions?

Economic

v'Can we produce it at a cost users are willing and able to pay?
Availability

Text adapted from “Mingrals, Cnticel Minerals, and the U5 Economy™ by the National Besearch Council of the National Academies



. The Mineral Footprint™ of Green Cholces MMSA Minerals for a Green Society Symposium
Mineral Footprint Network Feb 4" 2010 - Washington D.C.

5 Dimensions of Mineral Availability
WHO can help us answer these questions?

. i il
Geologic ,'"' "L ¥ Economic Geologists, Geochemists, etc.,
Availability w
@Techninal ¥ Engineers (Mining, Metallurgical, Geotechnical, Reclamation, Environmental, etc.,)
Availability
Environmental
@ & Social ¥ Sociologists, Anthropologists, Ecologists, Environmental Scientists & Engineers, etc.,
Availability
Political ¥ Policy makers and government agency professionals that understand minerals,
Availability mining, recycling and sustainable development
@ Economic v'Mineral, Energy and Petroleum Economists, etc.,
Availability




Criticality Index
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http://www.nma.org/pdf/101606 nrc_study.pdf



TABLE 4.2 Scoring the Vertical Axis of the Criticality Matnx for Example Mineral X

Proportion of
Application Total U.S. Market Impact of Supply
Group (End Uses) for Mineral X in ~ Feestriction Weighted Score (Product
for Mineral X Application (WValues of 1 to 4)  of Columns 2 and 3)
Aerospace 027 4 1.08
propulsion
Pigments 0.65 4 2.
Biomedical 0.8 2 0.16
devices
Overall 1.00° na 3.84°
importance in
nse

* Total proportion will always equal 1.
Final weighted score.
WOTE: n.a. = not apphecakle.



TABLE 4.4 Eelative Importance of End-Use Applications for EEs

Proportion of  Impact of

Total U5, supply Weighted

Application Group Market restriction Score

Emission control, magnets, and 0.44 4 1.76

electronics

Metallurgical, optical, and ceramics 0.35 3 1.05
Other 0.13 2 0.26
Petroleum refining 0.08 1 0.08
Composite, weighted score 3.15

WOTE: Proportion of tetal U5, EE use for each application was determined from the UTSGS (2007) mformation.

TABLE 4.4 Eelative Importance of End-Use Applications for REs
Proportion of  Impact of

Total U5, supply Weighted

Application Group Market restriction Score

Emission control, magnets. and 044 4 1.76

electronics

Metallurgical. optical, and ceramics 0.35 3 1.05
Other 0.13 2 0.26
Petroleum refining 0.08 1 0.08
Composite, weighted score 3.13

WOTE: Proportion of total US. EE use for each application was determuned from the USGSE (2007) mformation.



Short Term (0-3 years)
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Importance to clean energy

Medium Term [5=15 years)
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Critical and strategic minerals
will change with time.

1) What is the global demand likely to be?
2) What is the US supply likely to be?
3) What are the limits and obstacles to US

production?

a) land access

b) permitting speed
4) What needs to be done to convert
marginal resources into reserves?
6) What are the new types of deposits and
ore-forming systems of the future?




Some of the challenges In
producing these technologies

How much of these minerals do we need?

Are there enough materials in the pipeline to
meet the demand for these technologies and
other uses?

Can any of these be recycled?
Are there substitutions that can be used?

Are these minerals environmental friendly—
what are the reclamation challenges?
— REE and Be are nearly always associated with U

and Th and the wastes from mining REE and Be
will have to accommodate radioactivity and radon



Bottlenecks

* Risk and timing of investment
— Unpredictable
— Rapid change in demand

— Engineering/design/production of these products is
faster then the exploration/mining/processing

e EXtraction

— Supplies

— Economically feasible in a timely manner
* Refining

— Technically feasible

— Economical



FUTURE GEOLOGICAL
RESEARCH

 Need for understanding the mineralogy and
distribution of these minerals in known ore
deposits

— Geologic mapping (lithology, structure, alteration)
— Geologic deposit models

— Mineralogy/chemistry

* Are there additional geologic sources for some
of these minerals?

 What are the potential environmental

consequences of mining these minerals and
how do we mitigate them?



SUTAINABLE DEVELOPMENT

1

1J Things Mining Companies Should Disclose

GRI Indicators

11 New  paMid
Biodiversity " Indicators
Strikes & Indigenous .

Grievance Artisanal & Small-
Mechanisms Scale Mining

Operations with a Materials
Closure Plan Stewardship
MM10

| M3
X3
| Mo _

Resettlement

Do Good. Do Well. Win, ™

BrownFlynn 2012. All Rights Reserved



In the past, many companies increased spending on poorly considered “feel-good”
projects when prices were high, and then cut them when prices dropped. So it is no
surprise that global best practice — including recent revisions to the IFC standards — puts
more emphasis on social management.

Growing global understanding of social-management sysiems — made up of assessments,
policies, management oversight and deployment of teams with appropriate budgets and
fraining — reflects a deeper understanding of CSR as a basic operating obligation for all
extractive companies, regardless of size or global location. CSR is scalable, just as
other risk-management systems are.
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