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Recent Dynamics
in the Rare-Earth Sector

The supply of rare earths will shape the demand for them. This may at first sound banal or even trivial, but if one thinks
about it this is a good operational definition of all of what | want to define today as the minor technology metals.

The major technology metal is copper; it's relative abundance in mine-able deposits and our civilization's current level of
mining and refining technology leads to it's production being today some 17 million metric tons for calendar 2011; this
double it's 2000 production but the growth of the rate of production of copper is levelling off: At current production levels
the year to year increase has been shrinking rapidly; the increase in the total amount of new copper produced in 2011 was
only 4% more than that produced in 2011.

Seventeen million tons may seem like quite a lot until it is put into perspective. Total go |la preduction of copper in 2011 was
just 0.10% of the global production of all metals in 2011.

Copper is a critical metal, in reality "the" critical metal for our technological civilization. Without copper we could not
economically produce, distribute, or utilize electricity.

But | am here today to talk about the present and future for the rare earth metals; their alloys; and their chemical
compounds.

The key factor to keep in mind when considering the importance of the rare earths is that their electronic properties have
made possible the miniaturization of devices, which are able to convert motion into electricity; electricity into motion;
electricity into light of all visible wavelengths; electricity into sound; and electricity into devices that absorb heat from their
surroundings.

Copper, of course, brings the electricity to the rare earth enabled devices.



Recent Dynamics
in the Rare-Earth Sector

The global production of all of the rare earths together in 2011 was less than 150,000 metric tons. This
was a little less than 1.00 % of the amount of copper produced in 2011, which means that all of the rare
earths together accounted for 1.00% of a 0.10% or 0.01% of the global production of all metals in 2011

When we consider only the critical rare earth metals, the key 3 out of the total of 14 rare earth metals
existing today in nature, the numbers get even more sobering:

Metal Global Production 2011 % of Total Global Production
Neodymium 25,000 mt 0.0016

Terbium 250 mt 0.000016

Dysprosium 1,380 mt 0.000088

Now look at the charts of future demands. The future depends on not how many new mines and refineries
come on line, but rather on how many that can produce commercially significant of any or all of the above
critical rare earths!



Rare-Earth Demand

Forecast for global rare-earth demand in 2011 (t REO % 15%)

Ja pan & Market

Permanent Magnets 16,500 3,500 21,000
Metal Alloys 15,000 1,000 4,000 1,000 21,000 20%
Catalysts 11,000 5,000 2,000 2,000 20,000 19%
Polishing Powders 10,500 750 2,000 750 14,000 13%
Phosphors 5,000 500 2,000 500 8,000 8%
Glass Additives 5,500 750 1,000 750 8,000 8%
Ceramics 3,000 1,500 2,000 500 7,000 7%
Other 3,500 500 1,500 500 6,000 5%
Total Demand 70,000 10,500 18,000 6,500 105,000 100%
Market Share 68% 10% 16% 6% 100%
Market share numbers may not add to 100% due to rounding. Source: IMCOA
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Rare-Earth Demand

Forecast for global rare-earth demand in 2016 (t REO % 20%)

Jﬂpan & Market

Permanent Magnets 28,000 4,500 1,500 36,000
Metal Alloys 23,000 2,000 3,000 2,000 30,000 19%
Catalysts 15,500 5,500 2,500 1,500 25,000 16%
Polishing Powders 13,000 2,000 2,000 1,000 18,000 11%
Phosphors 8,500 750 2000 750 12,000 8%
Glass Additives 7,000 1,000 1,000 1,000 10,000 6%
Ceramics 4,000 2,250 2,500 1,250 10,000 6%
Other 5,000 8,000 4,000 2,000 19,000 12%
Total Demand 104,000 23,500 21,500 11,000 160,000 100%
Market Share 65% 15% 13% 7% 100%
Market share numbers may not add to 100% due to rounding. Source: IMCOA
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Supply & Demand Issues
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Supply & Demand Issues

* REEs are chemically similar to each other, thus:
— They are always found together
— They are difficult to separate from each other
— Complex processing routes
— Significant capex & opex for facilities

— The demand dynamics for one, indirectly affects them all
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Supply & Demand Issues

* Demand profile of each REE vs. natural occurrence:

— Ratio Dy : Pr + Nd = 1:50 — 1:2 for permanent magnets
— Ratio Dy : Pr+ Nd = 1:100 — 1:50 in typical LREE minerals

* Hence the need for HREE-enriched deposits
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Supply & Demand Issues

* Some REEs will be in surplus while others in deficit

Forecast for global supply and demand for selected rare earths in 2016

e e o T

Demand @
150-170 ktpa TREO

60-70 kt 25-30kt  625-725t 450-550t 1.5-1.8kt 12-14 kt

Supply @ ) ] ] _ _ _
180-210 ktpa TREO 75-85kt 3035kt 450-550t 300-400t 1.3-1.6kt  9-11kt

Source: IMCOA
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Future Sources of Rare-Earth Supply

* TMR focus: projects with defined mineral resources
— Estimates compliant to NI-43-101 or JORC Code

— Good way to separate “the wheat from the chaff”

* Currently 35 REE projects on the TMR Index
— All but one have an NI-43-101 / JORC compliant estimate

— Full list is available at www.RareEarths.org
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Future Sources of Rare-Earth Supply

Mountain Pass

DEVELOPMENT STAGE (MAR 2012)
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Future Sources of Rare-Earth Supply
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Future Sources of Rare-Earth Supply

Value Metrics for Advanced Rare-Earth Projects (based on Feb 2012 average market pricing)
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Future Sources of Rare-Earth Supply

Total CREOs in
NI-43-101 & JORC

compliant mineral
resources: 9.4 Mt

(Mar 2012)

Sources: TMR & company reports
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Forecast for global supply and demand for selected rare earths in 2016
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Future Sources of Rare-Earth Supply

Nd.0; fraction of mineral resource Nd.0: fraction of in-situ TREQ
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Future Sources of Rare-Earth Supply

Dy, 0, fraction of mineral resource Dy, 0; fraction of in-situ TREQ
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Future Sources of Rare-Earth Supply

CREO fraction of mineral resource

CRED fraction of in-situ TREO
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Future Sources of Rare-Earth Supply

* Key technical attributes to look for in REE projects:
— Code compliant resource estimates
— Good in-situ material grades
— Significant skew in REE distribution towards the CREOs
— Clear understanding of deposit mineralogy
— Clearly defined metallurgical flow sheets
— Clear understanding of what the final products will be
— Active interaction with potential end users & markets

— Competent management & technical team
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