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RARE EARTH ELEMENTS ¢ PICK YOUR SPOTS, CAREFULLY

Limited Supply

Rare earths are not that rare, but like many other indust
metals, finding economically viable concentrations is diffic
The annualpotential world supply of concenttad rare earth
oxides(REOsis currentlyonly about128,000tonnes.

Adding to thescarcity ofglobalsupply is thedct that while China
producesalmost9f: 2 ¥ UK S 62NX RQa N
imposing export restrictions This limitation on usefulREOs
outside of China is making life difficult foaonsumers of rare
earths

Rising Demand, but Rising Fast Enough?

Rare earths are critical componenits some of our latest anc
greatest hightechnology and green inventions. Without ra
earths, ultrastrong magnets, LEDs and other innovations becc
impossible tamanufacture.

But there are more than 190 companies, worldwide, claiming
have FEO properties, according to latra of Australia

We expect demand for rare earth magnets (due to electric ver
use and wind powégrand LEDs (due to lighting and display use)
accelerate demand for rare earths, but we do not expect t
demand to support anything like 190 companies.

So Why All the Fuss?

We do acknowledge thatwhile we believe light rare eartl
elements (LREEs) withpidly becomeoversuppied, heavy rare
earth elements (HREEs), particularly dysprosium and terb
may be in significant undersupplgndsoon.

Oversupply of LREEs may, however, depress their price and ¢
economic problems for hlprojects, whether categorized a:
dighte or cheav.

Picking Your Spots

These are still mining projects. Good grade in the gro
combined with good metallurgy, therefore good recovery rat
will yield the lowest costs. In any commodity market, théesa
place to be is invested in the lowest cost producers.

HREEs carry higher prices than LREES, per unit mass, ar
discrepancy will, we believe, grow with time. We believe i
safest to invest in projects that produce larger guantities
HREEs.Note that even the s® | t f SR deépésitsla@ tll
ymr: [w99ax az | aft AIKGE RS
amounts of HREEs.

Be aware of the magnitude of risk attached to metallurgy. Ar
deposit may never produce if it has the wrong contamisan its
ore, but a mine that is being restarted is substantially derisked
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Equity Research Industry Report March 25, 2010

Summary

Anyone paying attention to the technology market at all has seen some startling things happening
over the last25 years Magnetsincorporating a littleknown class of materials called rare earth
elements (REE$jave been developed that are orders of magnitude stronger tblkfashioned
ferrite oriron magnes. This newechnology has enabled huge leaps in performanciaird drives,

wind turbine generators and electric motors. Light emitting diodes, or LEDs, that originally came in
any color you wanted, as long as it was red, now come in every color of the rainbow and quite a few
colors thathuman eyesOl y Qi S @ 8 yfaveac@nipdier metmories now that are orders of
magnitude faster and smaller than computer memory of the recent @masl many of these
developmens owetheir success tahese largely unrecognized elements

REE comprisea swath of 15 elements that are pkat across the middle of the periodic tabbnd

are known aghe lanthanideseries Additionally one or two other elements that demonstrate
similar chemical properties, yttrium and perhaps scandium, areratsmgnized asare earths. In all,
there area total of 16 or 17 elements that are recognized as being rare earths. And note that
lithium, vanadium and some other elements that are commonly confused with rare earths are not.

Figure 1 8 The Recognized Rare Earth Elements

Rare earths are Name Chemical Symbol Atomic Number

critical electric Scandium Sc 21

metals. They are a

necessary part of Yitrium Y 39

the new energy Lanthanum La 57

economy. Cerium Ce 58
Praseodymium Pr 59
Neodymium Nd 60
Promethium Pm 61
Samarium Sm 62
Europium Eu 63
Gadolinium Gd 64
Terbium Tb 65
Dysprosium Dy 66
Holmium Ho 67
Erbium Er 68
Thulium Th 69
Ytterbium Yb 70
Lutetium Lu 71

Source: Byron Capital

The rare earth elements are not all that rare, but they are difficult to separate from one anarider

from contaminants and therefore are difficult to purify and to use. Finding economic
concentrations 6 the REEs is also a problem. The REEs naturally separate themselves into tw
groups, the light REEs (LREES) up to atomic number 62 and the heavy REEs (HREES) beyond at
number 62. These two groups actually preferentially occur in two different tgpeeposits, with

the LREEs commonly being found in carbonatées the HREEs withan number of mineral types

or in ionadsorbing clay.
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SmCo and then
NdFeB magnets
have allowed
whole new
applications and
industries to
develop.

Ly GKS mdnnaszs Yzad 27 (KSrag gaNEbéatng sadddzitdidihahd 2 F
Brazil South Afri@a became a leading provider of rare earths in the 1950s, and by thd 96ids the
Mountain Pass mine in the US had become the leading provider. But by the late 1980glktloé
world productionof REE$ad shifted to China, due to its low cost of laboband lax environmental
standards Until the early 1980s, REEs were usedelyin basic industryformingflints for lighters,
catalysts for industry, and similar applications.

All this changed in th&970s after Strnat and Ray announced that intensgme#c fields could be
generated by an alloy of cobalt and a rare earth, samaritdawever, cobalt is expensive, and so a
better choice was announced around 1983 by General Motors, Sumitomo and the Chinese Academ
of Sciencesan alloy of neodymium (Ndjon (Fe) and boron (B) in the rough ratio 31:68:1. Rare
earth magnets are much more powerful than ferrictg even AINiCamagnets. A much more
powerful field means that a motor or generator based rame earth magnets can be made to be
smaller, lighter and more efficientthan one incorporatingother magnet types But rare earth
magnets tend to rust easily, making their protection critical. And even more importantly, rare earth
magnets tend to lose their field strength when exposed to operating tempegatthat are likely to

be encountered in many common applications. To counter this tendency to lose field strength due
02 KAIK GSYLISNI GdzNBEZ F LINBPLISNIE& RSAONAOGSR o
point, it was discovered that doping the Nei- alloy with perhaps 4% of the REE dysprogiDy)
significantly raised the temperatures at which the magtust strength. Terbiun{Tb)also hasa
similar effect on magnets, but terbium is rarer and even more expensive than dysprosium.

It was now possile to pack a very strong and small motor into spaces that were previously far too
small to contemplateuse of an electrianotor. Similarlywith rare earthmagnets becoming far
lighter than ferrite designs allowed a new class of applications. Finalbtriedl power use dropped
dramatically due to the efficiency of the new magnets, allowing a whole new set of baibergred
applications to become prevalent (well before the iPod, the Sony Walkman cassette tape player
created a huge stir, due in largerpto samarium cobalt motorsiiat were small and light enough to
move the tapepast the heads for a reasonable amount of time on a single set of disposable
batteries).

This development has not stopped. With the advent of lesgale lithium ion batteriesit has
become possible to contemplate putting together a small but powerful rare earth motor, along with
a large stack of batteries, and movedaNB | t vehizléldoRre the road using electrical power
only. Whether this problem is solved using only &leal power or a combination of internal
combustion and electricity remains to be seen, but the higher efficiency available to an electric
drivetrain (due to high torque being available from a dead stop, a lack of transmission and much
lower levels of enggy wasted as heat) is undeniable.

All these new applications, from the potential use of rare earth magnets in generators for wind
turbines, rare earth magnets used in motors to power hybrid and electric cars, and certain REE:
used to turn electricity tacoloured light in light emitting diodes, requimaore rare earths. But how
much more? Our analysis suggests that while demand imdieasesteadily, it will not scale the
heights many pundits are suggestingar from requiring the use of kilograms dEEs per electric
vehicle,investors should be aware that-ibn batteries do not use lanthanum electrodes (NiMH
batteries do) and current statef-the-art electric motors use perhaB5 g/kW of Nd metal and 0.5
o/kW of Dy(with reductions possible in th&uture). We do not see even significant electric and
hybrid vehicle penetration doing much more than slightly stressing Nd production, even by 2015.
Wind power will not, in our opinion, ever be a highly significant consumer of REEs. And LEDs simg
do not use enough REB$any type on an individual basis, to matter.
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We can foresee a period in the near future when LREEs are oversupplied to the nidoketver,

the rarer heavy RERsill likely be undersupplied to the market The use of Dy in the eleitrand
hybrid vehicle market is critical to allow the magnets in electric motors to function in confined
spaces and at high speeds, due to temperature bujdd

Figure 2 & Oversupply/Undersupply of Important REEs by Year
Oversupply 2010 2011 2012 2013 2014 2015 % Oversupply in 2015

La0s 1,119 3,142 11,384 10879 13233 15455 27%
CeQ 2,129 5791 19,311 18304 23348 26,508 25%
PO 241 359 125 728 912 741 6%

LREES could Nd;0; 718 1,18 3,666 2,026 2812 2,129 6%

become

oversupplied, but  SmOs 69 225 486 402 758 828 23%

HREEs are likely to

always be in Ew0; 8 40 70 56 106 99 23%

substantial ThO, 8 1 1 (16) 15 16 4%

demand.
Dy:0s 45 (42 (95 (217) (626) (848) 7%
Source: Byron Capital Markets
The potential oversupply of LREES, should all announced projects reach market in a timely fashiol
may negatively impact selling prices for at least La, Ce, Pr, Nd and Sm. As even thechlsd so
GKSI geé¢ w99 RSLIRaAdGa FNBE O2YLRaSR 2F NRdAzAK
economics of most projects. Given the potential undersupplyritital HREEs such as Dy and Tb,
the projects best able to weather these changes will be those with the lowest production costs and
the largest amounts of HREES to sell.

Jon Hykawy, Ph.D., MBA A647.426.1656 A jhykawy@byroncapitalmarkets.com

; P BYRON

A DIVISION OF BYRON SECURITIES LTD.



Equity Research Industry Report March 25, 2010

The Supply of Rare Earths

The rare earth market is a difficult one to summarize.efhare 16 or 17 commonly acknowledged
REEs, and these elements are used in a wide variety efismdnarkets.We expect some of these
markets to continue to grow strongly, such as ramth magnets. We expect some of these

industries to grow much lesstrongly, such as polishing powders. Some, obviously, will grow at
intermediate rates.

Figure 3 & Rare Earth Oxides (clockwise from top: oxides of Pr, Ce, La, Dy, Sm and Gd)

Source: United States Department of Agriculture

Our estimates regarding thgrowth potential for each of the 16 most commonly acknowledged
REEsretabulated below
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Some REEs will
experience slower
demand growth,
some faster.
Magnet-driven
demand will create
the fastest growth.

Figure 4 8 Rare Earth Elements, Their Uses and Estimated Growth Rates

Chemical Atomic  Estimated

Element Symbol Number CAGR Major Uses

Yttrium Y 39 6% Automotive usemicrowave communications (Y1G)
lasers

Lanthanum La 57 4% Petroleum refining, higlndex glass, flint, hydrogen

storage, battery electrodes

Cerium Ce 58 4% Catalytic converters, oxidizing agent, polishing
powders, yellow glass/ceramic, catalysts in-self
cleaning ovens

Praseodymium Pr 59 8% Magnets, lasers, green glass/ceramic, flint, polluti
control

Neodymium Nd 60 8% Magnets, lasers, violet glass/ceramic, capacitors

Promethium Pm 61 6% Nuclear batteries

Samarium Sm 62 6% Magnets, lasers, neutrorapture, masers

Europium Eu 63 8% Red/blue phosphors, lasers, fluorescent lamps,
mercury vapar lamps

Gadolinium Gd 64 6% Magnets, highndex glass, lasers;ray tubes,
computer memory, neutron capture

Terbium Tb 65 8% Green phosphors, lasers, fluorest lamps

Dysprosium Dy 66 8% Magnets, lasers

Holmium Ho 67 6% Lasers

Erbium Er 68 6% Lasers (for communications, EDFAs), vanadium
steels

Thulium Tm 69 6% Electron beam tubes, medical imaging systems (>
ray detection)

Ytterbium Yb 70 6% Infrared lases, electrical stress gauges, reducing
agent

Lutetium Lu 71 6% Scintillation counters (PET)

Sources: Wikipedia, Daily ReckoniBgron Capital

We believe that the REEs marked in red will experience the slowest growth, perhaps only 4% CAG
For examplelanthanumsales have thgotential to slow as the use of lanthanum in nickel metal
hydride batteries begins to lag due toarket share gain®y increasingly inexpensive lithidion
batteries.

Other REEs, marked in yellow, will see their use grow sligigtgrfat rates of perhaps 6% CAGR.
For example, samarium is used in samarium cobalt rare earth magnets, but these have become th
poor cousin of NdFeB magnets, and while samarium use will incdegst this use in magnetsve

do not expect it to be astrong as the growth of other elements.

Finally, we believe that REEs marked in green will see the fastest growth, at least 8% CAGR. Whe
new uses will become prevalenbyerall growth inthe use of an individual rare earth could be
considerably aheadfdhat pace. For example, neodymium is used in the ncostmonrare earth
magnet alloy,NdFeB,and will experience strong demand growth. Later, we will see that our
estimate on CAGR for neodymium demand will exceedf@#, a combination of strong growtmn
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y' S 2 R @& YdureNt Qsesplus acceleratedemand from automobileand wind turbines. But even
9% CAGR is not the hypergrowth expected by some.

Most of the REEs produced in the world today, at least 88% according to Research imahina,
produced wihin China itself. Som&6% is used within the country of China to make various
products that are shipped worldwidéaccording to ResearchinChidd@ &/ KAyl  wl NB
wS L2 NI ¢ = N.Othee dBeNwoHrinranp sources of rare eapiaring oresn China. The
Baiyun Obo mine near Baotou in Inner Mongolia produces a huge quantity of predominantly LREE:
lon adsorption clays in the southern Chinese province of Jiangxi contain a relatively low
concentration of REEs, but these REEs are unusuatlyedktoward the HREESs, especially
dysprosium. Data from Researchl@hina suggests that in 2008, the production in China was
dominated by somé&74,000 tonnes of rare earth oxides (REOs) produced from Baotou, and some
49,000 tonnes produced from the clayand ores of Jiangxiprovince in southern China By
combining available assays of the ores from the two sites, we derive the following potential
production levels for the most interesting REES:

Figure 5 8 Chinese Production of Important Rare Earths

Baotou Jiangxi China Total
Source Drew, Meng, Sun USGS
Mine Type Openpit Openpit
Stripping Ratio n/a 0
OreTREO 6.0% 0.1%
La0; 25.70% 7.80% 28,031 tonnes
CeQ 51.30% 2.40% 53,319 tonnes
PrsOu1 5.40% 2.40% 6,042 tonnes
Nd,0O; 15.70% 9.00% 17,971tonnes
SmO; 1.10% 3.00% 1,733tonnes
EuOs 0.18% 0.03% 191tonnes
ThO; 0.02% 0.90% 201tonnes
Dy,O; 0.06% 5.30% 1,122tonnes

Sources: As in table, Research in China, Byron Capital

We have approximated global production by multiplying the above figurg 104; Chinese
production is estimated by Asian Metahd ResearchinChina be a large fraction ototal global
production. This willikely slightlyoverestimate production of HREEs and underestimate LREESs, but
as we will see shortly, this can be&ém as a conservative estimate.

Since we are attempting to estimate global production capacity, and since at no point have the
Chinese been seen to be scrambling to upgrade production capacity, we can only assume tha
production limits have not been rehed. We will therefore multiply the above potential production
levels by 1.20, to estimate a maximum available current production level of REEs:
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Mt.

Figure 6 8 Current Global Production Limits of Important Rare Earths

REO Potential Global
LaO; 34,983 tonnes
CeQ 66,542tonnes
P04 7,540tonnes
Nd,O; 22428tonnes
SmO; 2,163tonnes
EwOs 239tonnes
ThO, 250tonnes
Dy,0s 1,400tonnes

Source: Byron Capital

There are a number of projects that are slated, through their public disclosure, to peglnction

of REEs over the next few years. The disclosure of these firms generally reveals their targete
production level, and in some cases the assays of the ore they have tested. Where required, wi
have found other sources for the REE content of the. We make no editorial commentary
regarding the likelihood of meeting production targets, but we note that a database maintained by
an Australian researclirm called Intierra suggests there are more than 1I8thing companies
worldwide at various stageof investigating rare earth deposits. Tgrejects thatwe have included

in Figure Tepresentthe first small wave in a potentiddEE productiotsunami

Figure 7 & Potential New Producers, Production Timing and Relevant Statistics

Mountain Deep Sands Hoidas Lake

oer e pw Mo Sl Mo G e Smeen
(Lynas) (Molycorp) Western) Western)
Date 2011 2012 2012 2012 2014 2014 2014 2015
Type o/P o/P o/P ulG ulG o/P o/P o/P
Strip Ratio 4.6:1 n/a 1:1 n/m n/m n/a n/a 0.8:1
Planned
Production 10,500t 20,000t 5,000 t 5,000t (?) 5,000 t 5,000t (?) 5,000t (?) 10,000t
Ore TREO 11.7% 7.0% 1.0% 16.7% 1.9% n/a 2.3% 1.0%
LaO; 25.50% 34.0% 20.00% 21.67% 15.22% 22.30% 20.4%% 27.50%
CeQ 46.74% 50.0% 48.20% 46.67% 34.20% 41.73% 46.62% 42.00%
P01y 5.32% 4.0% 5.90% 5.00% 4.32% 4.34% 5.97% 4.20%
Nd,0; 18.50% 11.0% 21.50% 16.67% 17.07% 14.28% 20.57% 12.90%
SmO; 2.27% 0.5% 2.40% 2.50% 3.82% 2.44% 2.71% 1.60%
EuOs 0.44% 0.1% 0.41% 0.08% 0.50% 0.30% 0.54% 0.10%
ThO, 0.07% 0.04% 0.08% 0.08% 0.60% 0.28% 0.11% 0.20%
Dy:0; 0.12% 0.1% 0.34% 0.67% 3.19% 1.41% 0.35% 1.10%

Source: Various company reports, various technical reports

When we multiply each of thanticipated prodution levels of REOs by the assay levels, we can
derive a new addition to global production capacity. If we add this level for each project to the
production capacity for the previous year (after adding 2% per year, to anticipate process and
general operang improvements), wehen derive the following production capacity levels for each

of what we consider the important rare earths:
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A few projects can
go a long way in
boosting REE

a dzLJLJt e X

Figure 8 8 Potential Global Production (tonnes) of Important REOs with Time

Potential Production (t) 2010 2011 2012 2013 2014 2015

LaO; 34,983 38,360 48,011 48,971 52,848 56,655
CeQ 66,542 72,781 88,980 90,759 98,702 104,876
PrsO11 7,540 8,250 9,760 9955 10886 11523
Nd,0, 22428 24,89 29424 30,012 33,208 35162
SmO; 2,163 3,471 3,885 3,963 4,491 4,740
EuO; 239 290 340 347 421 439
ThO; 250 263 284 290 345 372
Dy.0; 1,400 1,441 1,540 1,571 1,850 1,997
Total (tonnes) 134,145 147,206 179,636 183,229 199,811 212,657

Source: Byron Capital

New and Growing Demands & Automotive Motors/Generators

The first cited cause for hugely increasing REE demand is their critical use in hybrid and electri
vehicles. NdFeB magnets, along with lithikre y o6 GG SNAS&a>X I NB GKS Sy
electric vehicles. Lithiusion batteries allow a relatively small battery pack to store enough
electrical energyt¥' I 1 S | Yy defeddris Webidkelpdssible. Roughly 250 kg of batteries in the
new Nissan Leaf can store 24 kWh of energy, enough to keep a small North American home runnin
for 12 hours, and that is impressive. But without thigh efficiency,smallsize andight weight of
motors equipped with rare earth magnetsyen the energy storage capacity of lithivion cell
wouldy 2 Ffft2g F2NI Iy aSOStlyRdogied St SOGNRO DSKA(
As we have previously noted, the commonly used rare earth magnets of today combine 31%
neodymium with 68% iron and 1% boron. But by itself, this magnet would be disappadfniseg

in an electric vehicle. The confined mount of such a matal its use at high speeds would quickly
result in temperature buileup, and the major drawback to simple rare earth magnets is that their
magnetic field strength drops fairly quickly with increasing temperature. However, NdFeB alloyed
with up to 4.5% We will use 4% as our figure) of dysprosium, by weight, dramatitaflyoves
temperature handling capability. Terbium, although more expensive and much rarer than
dysprosium, can accomplish the same thing.

The drawback to dysprosium use is that the maximfield strength of the magnet is decreased.
However, by alloying a small amount of praseodymium, a LREE that is rarer than neodymium, int
the magnet material, the field strength can be augmented.

So, we believe that the use of materials such as neodymipraseodymium, dysprosium and
terbium will be increased by the adoption of large electric vehicles. And it is not just large electric
vehiclesthat will drive demand Electric bicycles and scooters are almost unknown in North America
and Europe, butt@ selling at phenomenal rates in China where the population would like physically
less demanding methods of transport than a hunpawered bicycle, but cannot afford lardessil
fuel-powered or electricvehicles. In 2009, according to the British Beysssociation, some 20
million electric bicycles were sold in China, and the rate is climbing rapidly.

These bikes are largely moved by a combination of a small rare earth rrequipped motor,
something small and very lightweight but also highly edfiti and cheap but bulky and heavy lead
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gelled acid batteries (the same sort of battery used in a small uninterruptible power supply attached
to a home PC). The motor to move such a bike is small, certainly under 5 kW in size, tbtdlthe
amount of NdFB magnet material (also incorporating Dy and perhapsfér)millions of such
motorsis substantial.

However, we believe the financial markets in North America and abroad have incorporated a
substantial misconception into their thinking. WithirReutersarticle @ ! & K& o NA R Ol NE
YSaFfasz &k z2Angidt 3 S200)2othiMentépundit Jack Lifton is quoted as saying that the
Toyota Prius motor uses 1 kg of neodymium, and that its battery usé$ k@ of lanthanum. He is
then quoted as suggting that these amounts would double as Toyota executes on its stated goal of
increasing the fuel economy ratings of the Prius. Not to put a fine point on it, these conclusions anc
even the baik assumptions madby Mr. Lifton are, we believe, entirelygorrect.

Mr. Lifton and others have quoted 415 kg of lanthanum use in the Prius battery. It is true that
nickel metalhydride (NiMH) cells such as those used in the current version of the Prius do utilize
lanthanum electrodes, and are very substantgositories for lanthanum. But the upcoming plug

in version of the Prius will use lithisiman (Liion) batteries to increase energy storage and decrease
size and weight of the resulting battery, as announced by Toyota in late August of 2009. -gthium
batteries do not require lanthanum electrodes. Speculation was always focused on fithium
battery use in a plugn version of the Prius hybrid, as use of a much higher capacity battery made
with NiMH chemistry would have been too heavy and too large.

We have just recently attended the 2010 Geneva International Motor Show, and were impressed
with a growing slate of fully electric vehicles and an absolutely booming number of hybrids being
brought to market by the major automobile manufacturers. All lo¢ tvehicles we looked at or
photographed, without exception, incorporate-ibin batteries, not NiMH. Lanthanusupply will

not be an issue.

Logically a plugin hybrid requireggreaterelectrical storage capacitgo bigger batteriegp improve

fuel ecoromy; what it does not require is a larger electric main motor. The 55 kW motor in the
current Toyota Prius provides more than enough motivation to the vehicle, alongitaigfasoline
engine. There is absolutely no need, within the bounds of requiringainge acceleration and top
speed, to increase the power output of the electric motor. And increasing power is the only reason
the size of the magnets in the motor will grow. Claiming more rare earths will be used in the motor
solelyto increase fuel ecaymy isdubious, at best.

Similarly, Mr. Liftorgivesa number that we have seen quoted by othetskg of neodymiumnis
required for the Toyota Prius motor. This number, too, is in error. Dr. Peter Campbell was
commissioned by the Ames Laboratorytieé lowa State University to write a report pertaining to
GKS | { 5SLI NIYSYyid 2F 9yIENAR2DAY CNBSR2 YN W & &
t SNXYIFySy i al AmeS llabos®rii, 20W& State University5191, August 2008) This

report shouldbe required reading for anyone working in the rare earths market. In it, Dr. Campbell,
who is one of the foremost engineers in the area of rare earth magngetpped motors, and is the
former VP for Technology and Sales at Magnequestilhthe leading companin the world in the
production and sale of doped NdFeB powder, describes designing a 55 kW motor that met the
FreedomCAR specification. With a sintered magnet, the motor uses only 650 grams of NdveeB.
assume the magnet is doped at a 4% level by meigth dysprosium, then the entire Prius main
motor uses 24 g of dysprosium and only 193 g of Nd, not the 1,000 g suggested by Mr. Lifton
Factors of more than five are, we believe, importaiiten we discuss consumption rates

We were concerned, alth@h simple calculations on the field strengths of NdFeB magnets today
ddz33SaitSR 6S ySSR y20 0S3z GKI G 5 NXooKing, ¥ndahs t f ¢
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Vehicles do need
substantial
amounts of Nd, Dy
and Pr. But this
demand is not as
large as many
think.

current stateof-the-art used by Toyota in the Prius consumed more Nd than 193 grams. Ve ha
been assured by Dr. Campbell that this is not the c&me of the parties involved in the production

2T 5N /IYLIWOSttQa NBLR2NI Aa | FANY (y26y I a
reverseengineered a Toyota Prius electric motor.

We do not that the Prius also uses a power steering motor equipped with rare earth magnets.
However, this motor isnuch smaller tharb5 kW in power output, andhe use ofrare earth
magnetsis not strictly necessary were rare earths to come into dramatically tskopply. Our
estimate on rare earth consumption for electric and hybrid vehicles, then, is 3.51 g/kW of Nd and

0.47 g/kW of Dy. We have also included a small admixture of Pr in each electric motor used in suc
vehicles.

The table below outlines our calations for future increases in rare earth consumption for such
vehicles. We havestimated future types of vehicle sales, in the manner in which we have
previously estimated such vehicles for the purposes of determining future lithium demand. For the
pdzN1J2 4Sa 2F GKAa SadAYlFIGSz GKS ac¢cz2e2Gl¢ dzasSa
GbAaalyé¢ I muHn 12 Y2i2NE YR 020K GKS 4aC2NRE
5 kW motor. Other marques have been incorporated into the daesiges under the above names,
which are not intended in any way to predict individual sales father the sales of types of
vehicles; the Nissan Leaf is a-lictric vehicle with large battery and motor, whilee Prius is a

mediumstrength tybrid, inplug-in form, with a relatively small battery but also a smaller electric
motor along with a gasoline drivetrain.

Figure 9 8 Increased Consumption of Relevant REOs Due to Electric Vehicles

2009 2010 2011 2012 2013 2014 2015
Toyota 200,000 300,000 400,000 500,000 500,000 600,000 600,000
Chevy - - 150,000 200,000 300,000 400,000 500,000
Nissan - - 200,000 350,000 500,000 700,000 800,000
Ford 5,000 10,000 20,000 40,000 100,000 150,000 300,000
Honda 35,000 50,000 75,000 150,00 250,000 350,000 450,000
Bikes 20,000,000 25,000,000 27,000,000 29,000,000 31,000,000 33,000,000 35,000,000
kW of Motor: 31,500,000 89,400,000 133,200,000 180,300,000 238,400,000 284,000,000
Nd Use (t) 117 331 493 667 882 1,051
Dy Use (t) 17 47 71 96 126 151
Pr Use (t) 6 18 27 36 48 57
Convert metal to REO:
Nd,03 (t) 136 386 575 778 1,029 1,226
Dy,05(t) 19 54 81 110 145 173
PreOy () 8 22 32 44 58 69

Source: Byron Capital

Giventhe information in Figure, on p.11above, that current global production capacity of,Rklis

likely more than 22,000 tonnes, we find ourselves less than impressed by a potectiehse of
1,200 tonnedn demand in the next five years. While substahtihe output from even one decent

rare earth junior would more than compensate for this increase. However, dysprosium use could
increase by 173 tonnes over the same time period, and this is from a base of only 2,700 tonnes. Th

is rather more concerng, giverthat the output of dysprosium from projects dominated by LREEs is
small.
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We believe wind
turbines will not
use substantial
amounts of rare
earth magnets.
Even if they do,
however, the
demand for Dy will
not increase.

Less Exciting Growth in Demand & Wind Power

Many have cited the use of permanent magnet generatosing rare earth magnetén wind
turbines as a huge future consumer ofr@aearths. We believe that the argument is specious.
Rather than delving into all the specifics, we will point interested investors to an article by generator
SELIS NI ¢ 2 yarvesirty MID@ Boer \With (or Without) Permanent Magaeks LJdzo f A & |
the summer 2009 issue dMagnetics Business and Technology Magazibe Morcos makes some
excellent points, among them that the much higher anticipated efficiency achieved with a rare earth
magnetequipped generator in a wind turbine will not be achiewhe to the electrical conductivity

of the magnet sections and eddy current losses. He notes that perhaps a better option is to utilize &
permanent magnet base load, a fraction of the overall turbine output, and then switch in additional
generator segmentaising electromagnets as wind speed and potential turbine output increase.
This keeps loads on the turbine within certain parameters, significantly enhances both efficiency anc
reliability compared to current designs, and keeps costs low.

We acknowledgethat it may be worthwhile to make that first generator section using rare earth
magnets, or at least do so in some fraction of designs, and so we have taken the predictions for win
turbine growth worldwide from the International Wind Energy Associationasslimed that 20% (a
figure that is likely high) of this rated power output will be achieved due to permanent magnet
equipped generators.

Note that even if we are wrongf, rare earth magnetslo achieve 100% penetration in wind power,
this will increaseNd use, but will not increase Dy use in any meaning&y. Wind turbine nacelles

are not confined spaces in the same way that a car is a confined space for a main motor, and whe
the wind turbine is operating, the one given is that there is wind that barused to keep the
magnet cool.Recall thaDy is required for high temperature operati@m environment not likely to

be present in a well designed turbine

Using the same conversion factors ftaterminingNd use frompower requirements, we derive the
following:

Figure 10 8 Increased Consumption of Relevant REOs Due to Wind Power

2007 2008 2009 2010 2011 2012 2013 2014 2015
Total Installed (MW) 93,849 121,188 157,899 203,368 261,931 337,358 434,505 559,627 720,779
Incremental (MW) 19,945 27,339 36,711 45,469 58,563 75,427 97,147 125,122 161,152
CAGR 28.8%
NdFeB Adoption 9,094 11,713 15,085 19,429 25,024 32,230
Nd Use (t) 33 42 54 70 90 116
Dy Use (1) - - - - - -
Pr Use (t) - - - - - -
Nd,0; (1) 38 49 63 82 105 135
Dy.0; () - - - - - -
PO (1) - - - - - -

Source: Byron Capital

Under our assumptions, increased REO usage is only a small fraction of that due to hybrid/electri
vehicles. There is no additional demdndHREEst all.
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[ 954 R2YyQ
enough REEs in the
phosphor to make
any difference in
demand.

Little to No Growth & High-Efficiency Lighting

The Chinese government is one of the most forceful proponents of energy conservation. Perhap:
GKAA akKz2dZ R y2i 0SS | adzNLINA a -$inedlard aré ot fofprafith  LJ;
corporations, so every opportunity to build a new power plant is not seen as a triumph, but as a use
of capital resources that might very well be better used elsewhere.

Consequently, China has passed a number of laws, including one that stipulatesitteigs must
convert, over the next few years, to ulttagh efficiency lighting, incorporating higiower LEDs In

the West, we are also using bigger and bigger numbers ofgogler LEDs, but they are used in
applications such as the light source fdD displays. LEDs use far less energy per amount of light
produced than a fluorescent lamp, and also produce a much broader and truer range of color from
the display.

The LEDs themselves are made from standard types of semiconductor materials thattare no
themselves rare earths. But the phosphors within the LEDs can use rare earths as dopants, as tt
chemical centesin the phosphor that actually produce tlaesired visible light. The dopants used

in common phosphors include europium and cerium. Howetye amount of phosphor used, from

the manufacturing specification of one W8sed developer of high power LEDs, is 2.25 mg of
solution per LED, with the solution only being a 10% concentration of phosphorforfingla for

one phosphor containing euramin is (BasSks)SiQ:Ewe» By weight, then, the amount of Eu in
SIOK [95 A& 2yfé mMomdp >3To ¢KIFG Aaz AT 2yS
required for manufacturing amounts to 1.19 kg. A trillion LEDs would require all of one tonne of Eu.
Research firmiSuppli notes that in 2007, approximately 39 billion LEDs were manufactured
worldwide, and 10% of these were high power (many conventional LEDs do not incorporate
phosphors, but most highower designs do).

Incremental use of europium or cerium in phosphdor LEDs beyond these levels of manufacture
is, basicallynil. Hence, we have done no further work on rare earth demand driven by this market.

Total Demand and Conclusions 8 Too Much and Too Little

We take the current use of rare earths to be that tp by ResearchinChinawe annually increase
the consumption oflanthanum and cerium by 4%, the consumption of samarium by 6%, and the
consumption of praseodymium, neodymium, europium, terbiand dysprosium by 8%. We add in
the additional levels of denmal driven by electric and hybrid vehicles as well as wind power. The
result is the potential demand chart below:

Figure 11 8 Potential Demand for Important Rare Earths (tonnes)

Potential Demand (t) 2010 2011 2012 2013 2014 2015
La0; 33,863 35,218 36,626 38,092 39,615 41,200
CeQ 64,413 66,989 69,669 72,456 75,354 78,368
P01, 7,299 7,891 8,535 9,227 9,974 10,782
Nd,O, 21,710 23,621 25,758 27,987 30,396 33,033
Sm0; 2,094 2,219 2,352 2,493 2,643 2,802
EuOs 231 250 270 291 315 340
ThO, 242 262 283 305 330 356
Dy,O; 1,355 1,483 1,635 1,788 1,953 2,136

Source: Byron Capital Markets
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Comparing the abovéFigure 11 page 1% to our chart for potential production of rare earths
(Figure8, page 1)gives ughe followingresult,showing possible levels of ovemnd undersupply:

Figure 12 8 Oversupply/Undersupply of Important Rare Earths (tonnes)

Oversupply 2010 2011 2012 2013 2014 2015 % Oversupply in 2015

L&0; 1,119 3,142 11,384 10879 13233 15455 27%
CeQ 2129 5791 19,311 18304 23348 26,508 25%
PO 241 359 1,25 728 912 741 6%
EREESCOU'd NGO 718 11®8 3,666 2,026 2812 2,129 6%
ecome
oversupplied, but ~ SmO; 69 225 486 402 758 828 23%
HREEs are likely to
always be in EuO; 8 40 70 56 106 99 23%
undersupply, due  Th,O, 8 1 1 @19 15 16 4%
to automotive
demand. Dy:0s 45 (42 (95 (217) (626) (848) 7%

Source: Byron Capital Markets

We have only added eight possible projects to the existing supply coming largely from Baotou anc
Jiangxi, and we have managed to build what we believe will be a considerable gigrstipREEsS,

to the point of roughly25% oversupplies of lanthanum and cerium by 2015. This oversupply is less
extreme in the case of neodymium and praseodymium, but is still present at levelg%f @hich is
sufficient to cause significant price deases. But the supply ofboth dysprosium and terbium
become extremely tight, with likely shortfalls in Dy supply.

This is due to the scarcity BiREESs like Dy and Tb in all deposits; while $®Ete projectare loosely
classifiedagt KS I @& ¢ R S alelatikely high Retz®ntaie2of HREEs in the final mix of a tonne
of REEs produced, what truly matters for any project is the cost to produce a given amount of REO:«
and what those REOs can be sold fdn put thissame pointanother way, even projectshat are
ISYySNIrffe NBIFNRSR a GaKSI@geé¢ RSLI2aAla LINER
Gt AIKGAE D

This raises the question of security of supply, one that we are not completely equipped to discuss
Pundits are already lamenting the factaththe Chinese are restricting exports of REOs, raising the
spectre of magnet production, which is already predominantly occurring in China, becoming almost
completely a Chinese industry. Our comment would be, too little concern and far too late. None of
them, to our knowledge, commented years ago when the production of REOs became centered ir
China. None of them commented when the first companies making powders and rare earth
magnets were purchased by the Chinese, giving them a significantdt@ddnio the magnet
industry.

Since the numbers indicate that we will be unable to ramp the production of REOs outside of Chine
sufficiently quickly to make it possible to keep magnet production out of China, should the Chinese
decide to simply curtail all ghinents of neodymium oxide, for example, then we should prepare for
the inevitable on two fronts. First, we need to come to terms with the fact that we will be buying
our magnets in the future from Chinese companies, and acquire those relationships aedmeak
necessary arrangements now. The second is that we should emphasize the right areas of researc
We may be able to produce sufficient LREES, given time, to rebuild -adlighautomotive magnet
industry, but only if alternaves to the use of Dy antb to improve highemperature operation can
0S F2dzyRO® 't GOSNyl GA@Ster AF @&2dz OFyQd oSl
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The best projects
have high grades
of TREO in the
ground, are open
pit, and produce
large amounts of
HREEs.

better magnets, simply take Chinese magnets and build the best motors and generators in the
world, moving fartheup the value chain. There are many ways to continue to make money, even if
Chinese business is the only source for rare earth magnets.

As far as investment in rare earth companies is concernedsionple belief is that there are three
figures of merit hat matter for a REE project. One is the grade of REO in the ground; the higher the
grade, the fewer tonnes of ore must be extracted and processed to yield a tonne of REO, and thi
keeps costs down. The second is the relative ratio of LREEs to HREEs;camecerned that the

price of LREEs may well remain level or go down over time, as more projects come into productiol
to supply critical HREEs to the magnet and automotive industries. As lamnasnies can earn
incremental positive cash flawfrom the production of LREES, they will continue to produce, and
this will keep LREEs in abundant supply. Finally, the last figure of merit is the absolute level c
production of HREESs; we believe Dy and Tb will be in short supply, driving up their priceftangl shi
the economics of projects in favour of those that can produce a large quantity of HREEs. Note tha
this does NOT mean we aagainsttIN2 2500 a GKIF G I NB Ofl aaAFTFASR |
rather invest in a project, all else equal, thaas high graddREOs in the ground, a relatively high
abundance of Dy and Tb, and thaglde to produceelativelylarge quantities of REOs, thhaving
reasonableamounts of HREESs for sale. If no new LREE projects were to come into production, al
REEs will be in short supply in relatively short order.

However, we wish to caution investors in this market that notRHE companies are wortheir
asking price We do not believéhat REO demand will rise so rapidly and for such an extended time
that every projectwill make money. Such a belief is, evbelieve patently incorrect, and investors

who are holding companies that have deposits with low grades of REOs in the ground, requiring toc
many tonnes of ore to be processgt to produce a small analilevelof predominantly LREEs, are
treadingon thin ice. We suggest investors carefully examine where they are puttingdiiérsin

this market, and pick their spots witare
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IMPORTANT DISCLOSURES

Analyst's Certification

All of the views exgessed in this report accurately reflect the personal views of the responsible analyst(s) about any and all of the subjdesse
or issuers. No part of the compensation of the responsible analyst(s) named herein is, or will be, directly or inddatdly,to the specific
recommendations or views expressed by the responsible analyst(s) in this report. The particulars contained herein wext fotmtaisources which
we believe to be reliable but are not guaranteed by us and may be incomplete.

Byrofy /I LIAGEHE al NJSGa o6a./até0v A& | RAGA&AAZY 2F . &NRy { SOmaddrchanblysts|[ A
from a variety of sources. The research department is a cost centre and is funded by the business ac®@iMsmafiuding institutional equity sales
and trading, retail sales and corporate and investment banking. Since the revenues from these businesses vary the ésedsdorcompensation
vary. No one business line has greater influence than any othee$earch analyst compensation.

Dissemination of Research

BCM endeavors to make all reasonable efforts to provide research simultaneously to all eligible clients. BCM equity iseshstrihuted
electronically via email and is posted on our proprietesgbsites to ensure eligible clients receive coverage initiations and ratings changes, targets
and opinions in a timely manner. Additional distribution may be done by the sales personnel via email, fax or reguliemsim@&y also receive

our researcthvia a third party.

Investment Rating Criteria
BUY The security represents attractive value and is expected to appreciate significantly from the c
price over the next 118 month time horizon.

SPECULATIVE BUY The security is considered a BUY Buy G KS 'yl feadQa 2LIAYA2Y L
financial risks that may be higher than average.

HOLD The security represents fair value and no material appreciation is expected over the rgé&tri@nth
time horizon.

SELL The secuty represents poor value and is expected to depreciate over the next8lthonth time
horizon.

Other Disclosures

This report has been approved by BCM which takes responsibility for this report and its dissemination in Canada. Cantliaisiting ¢ effect
transactions in any security discussed should do so through a qualified salesperson of BCM.

Informational Reports
From time to time BCM issaeeports that are for information purposes only and will not include investment ratifigss reportis an informational
report.
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