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Outline

e Argus International Rare Earths Summit
 Rare Earth Markets

— Production, Demand, Applications, and the Future
e China’s Success
 The “Toxic” Side of Renewable Energy
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Argus International Rare Earth Summit

e Over 70 Delegates from 14 Countries

— Included Mine Owners, Existing Processors, Novel Processors, Metal Producers,
Magnet Manufactures, Consumer Product Makers, Consultants, along with DOD
and DOE Representatives

* Topics Covered Included:
— Rare Earth Consumption in the Everyday World
— The Changing Production of FCC Catalysts
— Assessing The RE Industry Post — Molycorp
— Analyzing the Changing Global RE Supply and Demand Outlook
— Supply Chain Workshops with round table discussions
— China’s Ongoing Battle Against lllegal Mining
— Recycling NdFeB Magnets
— The design and Application of PM Motors
— The Market Dynamics of the Permanent Magnet Industry
— Status of DOD’s Management of RE Supply Chain Risks

— Strategic Materials Policy in the Defense Department and RE in the National
Defense Stockpile

— Examining the Technology Gaps in the RE Supply Chain
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Rare Earth Production

«  China ObViOUS'Y the Estimated 2015 Rare Earth Production
do ml na nt rare eaq rth Total REQ production estimated at
producer — almost 90pc of 170,000t

output in 2015

- Rest of world production =
12pc (Molycorp & Lynas)

B China

Rest of the
World

— Argus
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Rare Earth Production

 Production Outside of China

— Molycorp (US) — Filed for bankruptcy in June 2015. Mountain Pass
mine was placed on care and maintenance in late 2015. Produced
4,100 tons in 2015. Facility was designed to produce 20,000 ton/year.

— Lynas (Australia) — now the only operating rare earth miner outside of
China. Produced 10,000 tons in 2015. Lynas’s Advanced Materials
Plant (LAMP) in Malaysiais the world’s largest rare earth refinery and
handles refining duties for Lynas’s mines in Australia.

— Solvay (France) — Concentrates and separates rare earths from
recycled light bulbs. Will concentrate and separate other rare earth
containing feeds for a tolling fee of €23/kg (~$46/Ib).

National Energy
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Rare Earth Production

LREEs dominate rare eaths
product|0n - 85pc+

- Ce = 32pc
La = 27pc
Nd = 19pc
Pr = 6pc
Sm = 2pc

HREEs much less prominent in

volume terms - less than 15pc:

=Y =9pc
Dy = 2pc
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Estimated rare earth oxide production by

product, 2015

Total REO production estimated at
170,000t

3%

M Lanthanum

1 Cerium
Praseodymium

B Neodymium

B Samarium

W Dysprosium

W Yttrium

Other
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Rare Earth Requirements by Industry

The eight industry sectors require different types of rare earth and options to
substitute can be limited.

Industry LRE/HRE Substitution
potential

Glass Cerium, Lanthanum, Praseodymium, Neodymium, Yttrium High
Neodymium magnets Neodymium, Praseodymium, Dysprosium, Gadolinium, Terbium HRE/LRE Low-Medium
Refinery catalysts Lanthanum, Cerium LRE Low

Battery alloys Lanthanum, Cerium, Neodymium, Praseodymium, Samarium LRE -

Metallurgy (excl. Cerium, Lanthanum, Neodymium, Praseodymium LRE Medium
batteries)

Phosphors Yttrium, Cerium, Lanthanum, Gadolinium, Europium, Terbium LRE/HRE Low
Ceramics Yttrium, Lanthanum, Cerium, Neodymium, Praseodymium LRE High
Catalytic converters Cerium, Lanthanum, Neodymium, Praseodymium LRE Low

Other Cerium, Lanthanum, Yttrium, Neodymium, Praseodymium, Samarium, LRE/HRE N/A

Gadolinium, Other REOs
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Rare Earth Demand

Rare earth consumption by country, 2014

Total world consumption = 149,000t

M China

M Japan

us

W Other

— Argus

~S5 billion Industry
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Rare Earth Demand

* Glass indusﬁ__ry main rth Global rare earth oxide demand by industry sector
consumer Oor rare ea S
~ 1 t REO
(2(c:)e1)5 ~ 40!0001: REO In 0 10,000 20,000 30,000 40,000 50,000
FCC Catalysts
* Magnets = 32,000t REO & catalytic converters
g rOWI ng Ceramics
+  Catalysts = 29,000t REO Sloss Industry
(grOWth In Catalytlc Metallurgy excl. batts
converters)

Rare earth magnets

«  Demand in batteries down Battery alloys
to = 13,000t in 2015
(preference for Li-ion over
NiMH in electric vehicles) Other

Phosphors m 2014 2015

- Argus
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Applications

Rare Earth Product Consumption by Volume, 2015 Rare Earth Product Consumption by Value, 2015
149,000t $3.7bn
1% 2%

36%
M Lanthanum M Cerium B lanthanum ® Cerium
Neodymium M Praseodymium Neodymium M Praseodymium
W Samarium W Dysprosium W Samarium H Dysprosium
W Yttrium Eu+Gd+Th
— Argus W Yttrium Eu+Gd+Tb

— Argus
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Applications

Breakdown of Industrial Consumption by Volume Breakdown of Industrial Consumption by Value 2015
2015

B FCC Catalysts I Catalytic converters B FCC Catalysts W Catalytic converters
Ceramics M Glass industry Ceramics M Glass industry
W Metallurgy excl. batts M Rare earth magnets W Metallurgy excl. batts M Rare earth magnets
M Battery alloys Phosphors M Battery alloys Phosphors
Other — Argus Other — Argus
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Historic Rare Earth Pricing

o

Rare earths prices peaked in 2011 and have generally trended down since then

Rare earth FOB oxide prices, 2008-16 ($/t)

500,000 - - 3,000,000
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Projects Proposed

Rare Earth Project tracker

Mineral Resource Intended Output
Company Project Country Scheduled Start Date
{mn t) (tREQ/yr)

ks Diamas rurkey 2016 49400 5500
Vangisens austra 2016 . 560
Browns Range Australia 2017 847 3,100

Rare Element Resources Lt Bear Lodge USA 2016 14.70 4,950
Tantalus Madagascar 2016 429.20 10,000
Dubbo Zirconia Australia 2017 73.20 5,947

Kvanefjeld Greenland 2017 956.00 23,000
Ngualla Tanzania 2017 20.70 10,000
Nechalacho Canada 2018 14.60 4,600
Nolans Bore Australia 2019 47.00 20,000
sarfartog Greenland - 14.00 200,000
Wigu Hill Twiga Tanzania - 3.30 20,000
o e cans - . -
Steenskampskraal South Africa - 0.60 -
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Rare Earth World Production Outlook NEITL

tREO

+ Small drop in 2016 due 2o
to Molycorp closure and

. . 220,000 +

production cutbacks in
Ch ina 200'000 .
180,000 H

«  Qutput by 2025:
> Low case = 175,000t 160,000 -
- PBase case = 200,000t
> High case = 230,000t

140,000

120,000

100,000
2015 201e 2017 2018 2019 2020 2021 2022 2023 2024 2025

B High Production Scenario M Base Production Scenario

M Low Production Scenario
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China’s Success

China Produces over 90% of all the Rare Earths

Globally, but Why?
e Vertical Integration of the Supply Chain

— Mining, Concentrating, Separating, Reducing, Component
Manufacturing

 Global Market Value Set by Cheap Production and
Processing
— Inexpensive Labor
— Lack of Environmental Regulations
— lllegal Mining
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Vertical Integration of the Supply Chain

Physical Beneficiation

Leeching

Impurities Removal

Concentration of REO

Separation of REO

Reduction to a Metal

Alloying & Component
Production

U.5. DEPARTMENT OF

:2::' :ElleAsh eRecycled Materials
eShale

*Crushing «Magnetic, gravity, *Froth Flotation
*Screening electrostatic Separation

eRegrinding

eHydrochloric Acid
oSulfuric Acid
eNitric Acid

eCaustic Cracking
eAcid Bake
eCalcination

eThorium Precipitation
eUranium Extraction
elron Extraction

e|onic Liquid
eSolvent Extraction
eCarbonate Precipitation

eSolvent Extraction
¢ Affinity Chromatography
sElectrophoresis

elon Exchange
eRare Earth Salts
eCarbonate Precipitation

eConcentrated REO to Rare Earth Metal

eGlass Production
ePermanent Magnets
eBattery Production

e Automobile Manufacturing
eCeramics
eCataylsts, etc...
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The “Toxic” Side of Renewable Energy

e A3 MW wind turbine can use up to 2,700 kg of NdFeB
magnets.

e Rare Earths are also used in the batteries and motors for
many electric cars

 Trading one emission type of others
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REE Processing and the Chinese
Environment

Black sludge is pumped into a toxic lake — byproducts of the ingredients that make up
most of our technology. Picture: Liam Young/Unknown Fields
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REE Processing and the Chinese
Environment

The toxic lake sits on the outskirts of town with dangerous radioactive levels. Picture:
Liam Young/Unknown Fields.Source:Supplied
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REE Processing and the Chinese
Environment

o M— - =
Farmland has been turned into a toxic lake just outside of the town. Picture: Liam
Young/Unknown Fields.Source:Supplied
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REE Processing and the Chinese
Environment

Surrounding factories pump their toxic waste into the man made lake. Picture: Liam
Young/Unknown Fields.Source:Supplied

¢(§‘ U.S. DEPARTMENT OF

- National Energy
\ ﬂ ENERGY Technology Laboratory



Discussion N=TL

U.5. DEPARTMENT OF

ENERGY

National Energy
Technology Laboratory 22




	Slide Number 1
	Outline
	Argus International Rare Earth Summit
	Rare Earth Production
	Rare Earth Production
	Rare Earth Production
	Rare Earth Requirements by Industry
	Rare Earth Demand
	Rare Earth Demand	
	Applications
	Applications
	Historic Rare Earth Pricing
	Projects Proposed
	Rare Earth World Production Outlook
	China’s Success
	Vertical Integration of the Supply Chain
	The “Toxic” Side of Renewable Energy
	REE Processing and the Chinese Environment
	REE Processing and the Chinese Environment
	REE Processing and the Chinese Environment
	REE Processing and the Chinese Environment
	Discussion

