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Limited Supply 

 Rare earths are not that rare, but like many other industrial 
metals, finding economically viable concentrations is difficult.  
The annual potential world supply of concentrated rare earth 
oxides (REOs) is currently only about 128,000 tonnes. 

 Adding to the scarcity of global supply is the fact that, while China 
produces almost 90҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǊŀǊŜ ŜŀǊǘƘǎΣ /Ƙƛƴŀ ƛǎ ƴƻǿ 
imposing export restrictions. This limitation on useful REOs 
outside of China is making life difficult for consumers of rare 
earths. 

Rising Demand, but Rising Fast Enough? 

 Rare earths are critical components in some of our latest and 
greatest high-technology and green inventions.  Without rare 
earths, ultra-strong magnets, LEDs and other innovations become 
impossible to manufacture. 

 But there are more than 190 companies, worldwide, claiming to 
have REO properties, according to Intierra of Australia. 

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

So Why All the Fuss? 

 We do acknowledge that, while we believe light rare earth 
elements (LREEs) will rapidly become oversupplied, heavy rare 
earth elements (HREEs), particularly dysprosium and terbium, 
may be in significant undersupply, and soon. 

 Oversupply of LREEs may, however, depress their price and create 
economic problems for all projects, whether categorized as 
άlightέ or άheavyέ. 

Picking Your Spots 

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

 HREEs carry higher prices than LREEs, per unit mass, and this 
discrepancy will, we believe, grow with time.  We believe it is 
safest to invest in projects that produce larger quantities of 
HREEs.  Note that even the so-ŎŀƭƭŜŘ άƘŜŀǾȅέ deposits are still 
ул҈ [w99ǎΣ ǎƻ ŀ άƭƛƎƘǘέ ŘŜǇƻǎƛǘ Ŏŀƴ ǎǘƛƭƭ ǇǊƻŘǳŎŜ ƳŜŀƴƛƴƎŦǳƭ 
amounts of HREEs. 

 Be aware of the magnitude of risk attached to metallurgy.  A new 
deposit may never produce if it has the wrong contaminants in its 
ore, but a mine that is being restarted is substantially derisked. 
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Summary 

Anyone paying attention to the technology market at all has seen some startling things happening 
over the last 25 years.  Magnets incorporating a little-known class of materials called rare earth 
elements (REEs) have been developed that are orders of magnitude stronger than old-fashioned 
ferrite or iron magnets. This new technology has enabled huge leaps in performance in hard 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 that human eyes ŎŀƴΩǘ ŜǾŜƴ ǎŜŜΦ  ²e have computer memories now that are orders of 
magnitude faster and smaller than computer memory of the recent past and many of these 
developments owe their success to these largely unrecognized elements. 

REEs comprise a swath of 15 elements that are placed across the middle of the periodic table, and 
are known as the lanthanide series.  Additionally, one or two other elements that demonstrate 
similar chemical properties, yttrium and perhaps scandium, are also recognized as rare earths.  In all, 
there are a 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 ð The Recognized Rare Earth Elements 

Name Chemical Symbol Atomic Number 

Scandium Sc 21 

Yttrium Y 39 

Lanthanum La 57 

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 another and 
from contaminants, and therefore are difficult to purify and to use.  Finding economic 
concentrations of the REEs is also a problem.  The REEs naturally separate themselves into two 
groups, the light REEs (LREEs) up to atomic number 62 and the heavy REEs (HREEs) beyond atomic 
number 62.  These two groups actually preferentially occur in two different types of deposits, with 
the LREEs commonly being found in carbonatites, and the HREEs within a number of mineral types 
or in ion-adsorbing clay. 

Rare earths are 

critical electric 

metals.  They are a 

necessary part of 

the new energy 

economy. 
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Lƴ ǘƘŜ мфплǎΣ Ƴƻǎǘ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ǎǳǇǇƭȅ ƻŦ w99ǎ ŎŀƳŜ ŦǊƻƳ rare earth-bearing sands in India and 
Brazil.  South Africa became a leading provider of rare earths in the 1950s, and by the mid-1960s the 
Mountain Pass mine in the US had become the leading provider.  But by the late 1980s, the bulk of 
world production of REEs had shifted to China, due to its low cost of labour and lax environmental 
standards.  Until the early 1980s, REEs were used largely in basic industry, forming flints for lighters, 
catalysts for industry, and similar applications. 

All this changed in the 1970s after Strnat and Ray announced that intense magnetic fields could be 
generated by an alloy of cobalt and a rare earth, samarium.  However, cobalt is expensive, and so a 
better choice was announced around 1983 by General Motors, Sumitomo and the Chinese Academy 
of Sciences: an alloy of neodymium (Nd), iron (Fe) and boron (B) in the rough ratio 31:68:1.  Rare 
earth magnets are much more powerful than ferrite or even AlNiCo magnets.  A much more 
powerful field means that a motor or generator based on rare earth magnets can be made to be 
smaller, lighter and more efficient than one incorporating other 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 temperatures that are likely to 
be encountered in many common applications.  To counter this tendency to lose field strength due 
ǘƻ ƘƛƎƘ ǘŜƳǇŜǊŀǘǳǊŜΣ ŀ ǇǊƻǇŜǊǘȅ ŘŜǎŎǊƛōŜŘ ōȅ ŀ ǇŀǊŀƳŜǘŜǊ ƪƴƻǿƴ ŀǎ ŀ ƳŀƎƴŜǘ ƳŀǘŜǊƛŀƭΩǎ /ǳǊƛŜ 
point, it was discovered that doping the NdFeB alloy with perhaps 4% of the REE dysprosium (Dy) 
significantly raised the temperatures at which the magnet lost strength.  Terbium (Tb) also has a 
similar effect on magnets, but terbium is rarer and even more expensive than dysprosium. 

It was now possible to pack a very strong and small motor into spaces that were previously far too 
small to contemplate use of an electric motor.  Similarly, with rare earth magnets becoming far 
lighter than ferrite designs allowed a new class of applications.  Finally, electrical power use dropped 
dramatically due to the efficiency of the new magnets, allowing a whole new set of battery-powered 
applications to become prevalent (well before the iPod, the Sony Walkman cassette tape player 
created a huge stir, due in large part to samarium cobalt motors that were small and light enough to 
move the tape past the heads for a reasonable amount of time on a single set of disposable 
batteries). 

This development has not stopped.  With the advent of large-scale lithium ion batteries, it has 
become possible to contemplate putting together a small but powerful rare earth motor, along with 
a large stack of batteries, and move a άǊŜŀƭ ǿƻǊƭŘέ vehicle down the road using electrical power 
only.  Whether this problem is solved using only electrical 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 energy 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 REEs 
used to turn electricity to coloured light in light emitting diodes, require more rare earths.  But how 
much more?  Our analysis suggests that while demand will increase steadily, it will not scale the 
heights many pundits are suggesting.  Far from requiring the use of kilograms of REEs per electric 
vehicle, investors should be aware that Li-ion batteries do not use lanthanum electrodes (NiMH 
batteries do) and current state-of-the-art electric motors use perhaps 3.5 g/kW of Nd metal and 0.5 
g/kW of Dy (with reductions possible in the future).  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 simply 
do not use enough REEs of any type, on an individual basis, to matter. 

SmCo and then 

NdFeB magnets 

have allowed 

whole new 

applications and 

industries to 

develop. 
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We can foresee a period in the near future when LREEs are oversupplied to the market.  However, 
the rarer heavy REEs will likely be undersupplied to the market.  The use of Dy in the electric and 
hybrid vehicle market is critical to allow the magnets in electric motors to function in confined 
spaces and at high speeds, due to temperature build-up.   

Figure 2 ð Oversupply/Undersupply of Important REEs by Year 

Oversupply 2010  2011  2012  2013  2014  2015  % Oversupply in 2015 

La2O3 1,119 3,142  11,384  10,879  13,233  15,455  27% 

CeO2 2,129  5,791 19,311  18,304  23,348  26,508 25% 

Pr6O11 241  359  1,225 728 912  741  6% 

Nd2O3 718  1,198  3,666  2,026  2,812  2,129  6% 

Sm2O3 69  225 486  402  758  828  23% 

Eu2O3 8  40  70  56  106 99  23% 

Tb4O7 8  1 1 (16) 15 16 4% 

Dy2O3 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 fashion, 
may negatively impact selling prices for at least La, Ce, Pr, Nd and Sm.  As even the best so-called 
άƘŜŀǾȅέ w99 ŘŜǇƻǎƛǘǎ ŀǊŜ ŎƻƳǇƻǎŜŘ ƻŦ ǊƻǳƎƘƭȅ ул҈ [w99ǎΣ ǘƘƛǎ ǿƛƭƭ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƳǇŀŎǘ ǘƘŜ 
economics of most projects.  Given the potential undersupply of critical 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. 

  

LREEs could 

become 

oversupplied, but 

HREEs are likely to 

always be in 

substantial 

demand. 
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The Supply of Rare Earths 

The rare earth market is a difficult one to summarize.  There are 16 or 17 commonly acknowledged 
REEs, and these elements are used in a wide variety of end-use markets.  We expect some of these 
markets to continue to grow strongly, such as rare-earth magnets.  We expect some of these 
industries to grow much less strongly, such as polishing powders.  Some, obviously, will grow at 
intermediate rates.  

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

 

Source:  United States Department of Agriculture 

Our estimates regarding the growth potential for each of the 16 most commonly acknowledged 
REEs are tabulated below: 
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Figure 4 ð Rare Earth Elements, Their Uses and Estimated Growth Rates 

Element 
Chemical 
Symbol 

Atomic 
Number 

Estimated 
CAGR 

Major Uses 

Yttrium Y 39 6% Automotive use, microwave communications (YIG), 
lasers 

Lanthanum La 57 4% Petroleum refining, high-index 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, pollution 
control 

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

Promethium Pm 61 6% Nuclear batteries 

Samarium Sm 62 6% Magnets, lasers, neutron capture, masers 

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

Gadolinium Gd 64 6% Magnets, high-index glass, lasers, X-ray tubes, 
computer memory, neutron capture 

Terbium Tb 65 8% Green phosphors, lasers, fluorescent 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 (X-
ray detection) 

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

Lutetium Lu 71 6% Scintillation counters (PET) 

Sources: Wikipedia, Daily Reckoning, Byron Capital 

 

We believe that the REEs marked in red will experience the slowest growth, perhaps only 4% CAGR.  
For example, lanthanum sales have the potential to slow as the use of lanthanum in nickel metal-
hydride batteries begins to lag due to market share gains by increasingly inexpensive lithium-ion 
batteries. 

Other REEs, marked in yellow, will see their use grow slightly faster, at rates of perhaps 6% CAGR.  
For example, samarium is used in samarium cobalt rare earth magnets, but these have become the 
poor cousin of NdFeB magnets, and while samarium use will increase due to this use in magnets, we 
do not expect it to be as strong as the growth of other elements. 

 Finally, we believe that REEs marked in green will see the fastest growth, at least 8% CAGR.  Where 
new uses will become prevalent, overall growth in the use of an individual rare earth could be 
considerably ahead of that pace.  For example, neodymium is used in the most common rare earth 
magnet alloy, NdFeB, and will experience strong demand growth.  Later, we will see that our 
estimate on CAGR for neodymium demand will exceed 9%, from a combination of strong growth in 

Some REEs will 

experience slower 

demand growth, 

some faster.  

Magnet-driven 

demand will create 

the fastest growth. 
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ƴŜƻŘȅƳƛǳƳΩǎ current uses, plus accelerated demand from automobiles and 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 in China, are 
produced within China itself.  Some 76% is used within the country of China to make various 
products that are shipped worldwide (according to ResearchInChinaΩǎ ά/Ƙƛƴŀ wŀǊŜ 9ŀǊǘƘ LƴŘǳǎǘǊȅ 
wŜǇƻǊǘέΣ hŎǘƻōŜǊ нллф).  There are two primary sources of rare earth-bearing ores in China.  The 
Baiyun Obo mine near Baotou in Inner Mongolia produces a huge quantity of predominantly LREEs.  
Ion adsorption clays in the southern Chinese province of Jiangxi contain a relatively low 
concentration of REEs, but these REEs are unusually skewed toward the HREEs, especially 
dysprosium.  Data from ResearchInChina suggests that in 2008, the production in China was 
dominated by some 74,000 tonnes of rare earth oxides (REOs) produced from Baotou, and some 
49,000 tonnes produced from the clays and ores of Jiangxi province 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 ð Chinese Production of Important Rare Earths 

 Baotou Jiangxi China Total 

Source Drew, Meng, Sun USGS  

Mine Type Open-pit Open-pit  

Stripping Ratio n/a 0  

Ore TREO 6.0% 0.1%  

La2O3 25.70% 7.80% 28,031  tonnes 

CeO2 51.30% 2.40% 53,319  tonnes 

Pr6O11 5.40% 2.40% 6,042  tonnes 

Nd2O3 15.70% 9.00% 17,971 tonnes 

Sm2O3 1.10% 3.00% 1,733 tonnes 

Eu2O3 0.18% 0.03% 191 tonnes 

Tb4O7 0.02% 0.90% 201 tonnes 

Dy2O3 0.06% 5.30% 1,122 tonnes 

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

We have approximated global production by multiplying the above figures by 1.04; Chinese 
production is estimated by Asian Metal and ResearchInChina to be a large fraction of total global 
production.  This will likely slightly overestimate production of HREEs and underestimate LREEs, but 
as we will see shortly, this can be taken 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 that 
production limits have not been reached.  We will therefore multiply the above potential production 
levels by 1.20, to estimate a maximum available current production level of REEs: 

  



Equity Research Industry Report March 25, 2010 

Jon Hykawy, Ph.D., MBA Á 647.426.1656 Á jhykawy@byroncapitalmarkets.com 

10 

Figure 6 ð Current Global Production Limits of Important Rare Earths 

REO Potential Global 

La2O3 34,983  tonnes 

CeO2 66,542 tonnes 

Pr6O11 7,540 tonnes 

Nd2O3 22,428 tonnes 

Sm2O3 2,163 tonnes 

Eu2O3 239 tonnes 

Tb4O7 250 tonnes 

Dy2O3 1,400 tonnes 

Source:  Byron Capital 

There are a number of projects that are slated, through their public disclosure, to begin production 
of REEs over the next few years.  The disclosure of these firms generally reveals their targeted 
production level, and in some cases the assays of the ore they have tested.  Where required, we 
have found other sources for the REE content of the ore.  We make no editorial commentary 
regarding the likelihood of meeting production targets, but we note that a database maintained by 
an Australian research firm called Intierra suggests there are more than 190 mining companies 
worldwide at various stages of investigating rare earth deposits.  The projects that we have included 
in Figure 7represent the first small wave in a potential REE production tsunami. 

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

Project 
Mt. 

Weld 
(Lynas) 

Mountain 
Pass 

(Molycorp) 

Nolans 
(Arafura) 

Steenkampskraal 
(Great Western) 

Nechalacho 
(Avalon) 

Deep Sands 
(Great 

Western) 

Hoidas Lake 
(Great 

Western) 

Kvanefjeld 
(Greenland) 

Date 2011 2012 2012 2012 2014 2014 2014 2015 

Type O/P O/P O/P U/G U/G 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 

10,500 t 20,000 t 5,000 t 5,000 t (?) 5,000 t 5,000 t (?) 5,000 t (?) 10,000 t 

Ore TREO 11.7% 7.0% 1.0% 16.7% 1.9% n/a 2.3% 1.0% 

La2O3 25.50% 34.0% 20.00% 21.67% 15.22% 22.30% 20.44% 27.50% 

CeO2 46.74% 50.0% 48.20% 46.67% 34.20% 41.73% 46.62% 42.00% 

Pr6O11 5.32% 4.0% 5.90% 5.00% 4.32% 4.34% 5.97% 4.20% 

Nd2O3 18.50% 11.0% 21.50% 16.67% 17.07% 14.28% 20.57% 12.90% 

Sm2O3 2.27% 0.5% 2.40% 2.50% 3.82% 2.44% 2.71% 1.60% 

Eu2O3 0.44% 0.1% 0.41% 0.08% 0.50% 0.30% 0.54% 0.10% 

Tb4O7 0.07% 0.04% 0.08% 0.08% 0.60% 0.28% 0.11% 0.20% 

Dy2O3 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 the anticipated production 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 operating improvements), we then derive the following production capacity levels for each 
of what we consider the important rare earths: 
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Figure 8 ð Potential Global Production (tonnes) of Important REOs with Time 

Potential Production (t) 2010 2011 2012 2013 2014 2015 

La2O3 34,983 38,360  48,011  48,971  52,848  56,655  

CeO2 66,542 72,781  88,980  90,759  98,702  104,876  

Pr6O11 7,540 8,250  9,760  9,955  10,886 11,523 

Nd2O3 22,428 24,819  29,424  30,012  33,208 35,162  

Sm2O3 2,163 3,471  3,885  3,963  4,491  4,740  

Eu2O3 239 290  340  347  421  439  

Tb4O7 250 263  284  290  345  372  

Dy2O3 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 ð Automotive Motors/Generators 

The first cited cause for hugely increasing REE demand is their critical use in hybrid and electric 
vehicles.  NdFeB magnets, along with lithium-ƛƻƴ ōŀǘǘŜǊƛŜǎΣ ŀǊŜ ǘƘŜ ŜƴŀōƭƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŦƻǊ ǘƻŘŀȅΩǎ 
electric vehicles.  Lithium-ion batteries allow a relatively small battery pack to store enough 
electrical energy to ƳŀƪŜ ŀƴ άŜǾŜǊȅŘŀȅέ electric vehicle possible.  Roughly 250 kg of batteries in the 
new Nissan Leaf can store 24 kWh of energy, enough to keep a small North American home running 
for 12 hours, and that is impressive.  But without the high efficiency, small size and light weight of 
motors equipped with rare earth magnets, even the energy storage capacity of lithium-ion cell 
would ƴƻǘ ŀƭƭƻǿ ŦƻǊ ŀƴ άŜǾŜǊȅŘŀȅέ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ǘƻ ōŜ ǿƛdely adopted. 

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 disappointing if used 
in an electric vehicle.  The confined mount of such a motor and its use at high speeds would quickly 
result in temperature build-up, 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, dramatically improves 
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 maximum field strength of the magnet is decreased.  
However, by alloying a small amount of praseodymium, a LREE that is rarer than neodymium, into 
the magnet material, the field strength can be augmented. 

So, we believe that the use of materials such as neodymium, praseodymium, dysprosium and 
terbium will be increased by the adoption of large electric vehicles.  And it is not just large electric 
vehicles that will drive demand.  Electric bicycles and scooters are almost unknown in North America 
and Europe, but are selling at phenomenal rates in China where the population would like physically 
less demanding methods of transport than a human-powered bicycle, but cannot afford large fossil 
fuel-powered or electric vehicles.  In 2009, according to the British Bicycle Association, 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 magnet-equipped motor, 
something small and very lightweight but also highly efficient, and cheap but bulky and heavy lead-

A few projects can 

go a long way in 

boosting REE 

ǎǳǇǇƭȅΧ 
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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, but the total 
amount of NdFeB magnet material (also incorporating Dy and perhaps Pr) for millions of such 
motors is substantial. 

However, we believe the financial markets in North America and abroad have incorporated a 
substantial misconception into their thinking.  Within a Reuters article (ά!ǎ ƘȅōǊƛŘ ŎŀǊǎ ƎƻōōƭŜ ǊŀǊŜ 
ƳŜǘŀƭǎΣ ǎƘƻǊǘŀƎŜ ƭƻƻƳǎέ, August 31, 2009) prominent pundit Jack Lifton is quoted as saying that the 
Toyota Prius motor uses 1 kg of neodymium, and that its battery uses 10-15 kg of lanthanum.  He is 
then quoted as suggesting 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 and 
even the basic assumptions made by Mr. Lifton are, we believe, entirely incorrect. 

Mr. Lifton and others have quoted 10-15 kg of lanthanum use in the Prius battery.  It is true that 
nickel metal-hydride (NiMH) cells such as those used in the current version of the Prius do utilize 
lanthanum electrodes, and are very substantial repositories for lanthanum.  But the upcoming plug-
in version of the Prius will use lithium-ion (Li-ion) batteries to increase energy storage and decrease 
size and weight of the resulting battery, as announced by Toyota in late August of 2009.  Lithium-ion 
batteries do not require lanthanum electrodes.  Speculation was always focused on lithium-ion 
battery use in a plug-in 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 of the vehicles we looked at or 
photographed, without exception, incorporate Li-ion batteries, not NiMH.  Lanthanum supply will 
not be an issue. 

Logically, a plug-in hybrid requires greater electrical storage capacity, so bigger batteries, to improve 
fuel economy; 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, along with its gasoline 
engine.  There is absolutely no need, within the bounds of requiring the same 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 
solely to increase fuel economy is dubious, at best. 

Similarly, Mr. Lifton gives a number that we have seen quoted by others: 1 kg of neodymium is 
required for the Toyota Prius motor.  This number, too, is in error.  Dr. Peter Campbell was 
commissioned by the Ames Laboratory of the Iowa State University to write a report pertaining to 
ǘƘŜ ¦{ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ CǊŜŜŘƻƳ/!w ǇǊƻƧŜŎǘ (ά{ȅǎǘŜƳ /ƻǎǘ !ƴŀƭȅǎƛǎ ŦƻǊ ŀƴ LƴǘŜǊƛƻǊ 
tŜǊƳŀƴŜƴǘ aŀƎƴŜǘ aƻǘƻǊέ, Ames Laboratory, Iowa State University, IS-5191, August 2008).  This 
report should be 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 magnet-equipped motors, and is the 
former VP for Technology and Sales at Magnequench, still the leading company in 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 NdFeB.  If we 
assume the magnet is doped at a 4% level by weight with 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, important when we discuss consumption rates.   

We were concerned, although simple calculations on the field strengths of NdFeB magnets today 
ǎǳƎƎŜǎǘŜŘ ǿŜ ƴŜŜŘ ƴƻǘ ōŜΣ ǘƘŀǘ 5ǊΦ /ŀƳǇōŜƭƭΩǎ ƳƻǘƻǊ ŘŜǎƛƎƴ ǿŀǎ ǇŜǊƘŀǇǎ ŦǳǘǳǊŜ-looking, and the 
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current state-of-the-art used by Toyota in the Prius consumed more Nd than 193 grams.  We have 
been assured by Dr. Campbell that this is not the case.  One of the parties involved in the production 
ƻŦ 5ǊΦ /ŀƳǇōŜƭƭΩǎ ǊŜǇƻǊǘ ƛǎ ŀ ŦƛǊƳ ƪƴƻǿƴ ŀǎ ¦vaΦ  ¦va ƛǎ ƻƴŜ ƻŦ ǘƘŜ ŦŜǿ ŎƻƳǇŀƴƛŜǎ ǘƻ ƘŀǾŜ 
reverse-engineered a Toyota Prius electric motor. 

We do note that the Prius also uses a power steering motor equipped with rare earth magnets.  
However, this motor is much smaller than 55 kW in power output, and the use of rare earth 
magnets is not strictly necessary were rare earths to come into dramatically short supply.  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 such 
vehicles. 

The table below outlines our calculations for future increases in rare earth consumption for such 
vehicles.  We have estimated 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 
pǳǊǇƻǎŜǎ ƻŦ ǘƘƛǎ ŜǎǘƛƳŀǘŜΣ ǘƘŜ ά¢ƻȅƻǘŀέ ǳǎŜǎ ŀ рр ƪ² ƳƻǘƻǊΣ ǘƘŜ ά/ƘŜǾǊƻƭŜǘέ ŀ ммм ƪ² ƳƻǘƻǊΣ ǘƘŜ 
άbƛǎǎŀƴέ ŀ мнл ƪ² ƳƻǘƻǊΣ ŀƴŘ ōƻǘƘ ǘƘŜ άCƻǊŘέ ŀƴŘ άIƻƴŘŀέ ǳǎŜ рл ƪ² ƳƻǘƻǊǎΦ  9ƭŜŎǘǊƛŎ ōƛƪŜǎ ǳǎŜ ŀ 
5 kW motor.  Other marques have been incorporated into the design types under the above names, 
which are not intended in any way to predict individual sales but rather the sales of types of 
vehicles; the Nissan Leaf is a full-electric vehicle with large battery and motor, while the Prius is a 
medium-strength hybrid, in plug-in form, with a relatively small battery but also a smaller electric 
motor along with a gasoline drivetrain.   

Figure 9 ð 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  150,000  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:       

Nd2O3 (t)  136  386  575  778  1,029  1,226  

Dy2O3 (t)  19  54  81  110  145  173  

Pr6O11 (t)  8  22  32  44  58  69  

Source:  Byron Capital 

Given the information in Figure 8, on p.11 above, that current global production capacity of Nd2O3 is 
likely more than 22,000 tonnes, we find ourselves less than impressed by a potential increase of 
1,200 tonnes in demand in the next five years.  While substantial, the 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.  This 
is rather more concerning, given that the output of dysprosium from projects dominated by LREEs is 
small. 

Vehicles do need 

substantial 

amounts of Nd, Dy 

and Pr.  But this 

demand is not as 

large as many 

think. 
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Less Exciting Growth in Demand ð Wind Power 

Many have cited the use of permanent magnet generators using rare earth magnets in wind 
turbines as a huge future consumer of rare earths.  We believe that the argument is specious.  
Rather than delving into all the specifics, we will point interested investors to an article by generator 
ŜȄǇŜǊǘ ¢ƻƴȅ aƻǊŎƻǎΣ άHarvesting Wind Power With (or Without) Permanent MagnetsάΣ ǇǳōƭƛǎƘŜŘ ƛƴ 
the summer 2009 issue of Magnetics Business and Technology Magazine.  Dr. Morcos makes some 
excellent points, among them that the much higher anticipated efficiency achieved with a rare earth 
magnet-equipped generator in a wind turbine will not be achieved due to the electrical conductivity 
of the magnet sections and eddy current losses.  He notes that perhaps a better option is to utilize a 
permanent magnet base load, a fraction of the overall turbine output, and then switch in additional 
generator segments using electromagnets as wind speed and potential turbine output increase.  
This keeps loads on the turbine within certain parameters, significantly enhances both efficiency and 
reliability compared to current designs, and keeps costs low. 

We acknowledge that 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 wind 
turbine growth worldwide from the International Wind Energy Association and assumed 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 wrong, if rare earth magnets do achieve 100% penetration in wind power, 
this will increase Nd use, but will not increase Dy use in any meaningful way.  Wind turbine nacelles 
are not confined spaces in the same way that a car is a confined space for a main motor, and when 
the wind turbine is operating, the one given is that there is wind that can be used to keep the 
magnet cool.  Recall that Dy is required for high temperature operation an environment not likely to 
be present in a well designed turbine. 

Using the same conversion factors for determining Nd use from power requirements, we derive the 
following: 

Figure 10 ð 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 (t)    - - - - - - 

Pr Use (t)    - - - - - - 

         

Nd2O3 (t)    38  49  63  82  105  135  

Dy2O3 (t)    - - - - - - 

Pr6O11 (t)    - - - - - - 

Source:  Byron Capital 

Under our assumptions, increased REO usage is only a small fraction of that due to hybrid/electric 
vehicles.  There is no additional demand for HREEs, at all. 

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. 
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Little to No Growth ð High-Efficiency Lighting 

The Chinese government is one of the most forceful proponents of energy conservation.  Perhaps 
ǘƘƛǎ ǎƘƻǳƭŘ ƴƻǘ ōŜ ŀ ǎǳǊǇǊƛǎŜΣ ŀǎ /ƘƛƴŀΩǎ ǇƻǿŜǊ ŎƻƳǇŀƴƛŜǎ ŀǊŜ ǎǘŀǘŜ-owned and are not for-profit 
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 stipulates that buildings must 
convert, over the next few years, to ultra-high efficiency lighting, incorporating high-power LEDs.  In 
the West, we are also using bigger and bigger numbers of high-power LEDs, but they are used in 
applications such as the light source for LED 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 that are not 
themselves rare earths.  But the phosphors within the LEDs can use rare earths as dopants, as the 
chemical centres in the phosphor that actually produce the desired visible light.  The dopants used 
in common phosphors include europium and cerium.  However, the amount of phosphor used, from 
the manufacturing specification of one US-based developer of high power LEDs, is 2.25 mg of 
solution per LED, with the solution only being a 10% concentration of phosphor.  The formula for 
one phosphor containing europium is (Ba1.5Sr0.5)SiO4:Eu0.012.  By weight, then, the amount of Eu in 
ŜŀŎƘ [95 ƛǎ ƻƴƭȅ мΦмф ˃ƎΦ  ¢Ƙŀǘ ƛǎΣ ƛŦ ƻƴŜ ōƛƭƭƛƻƴ ǎǳŎƘ [95ǎ ŀǊŜ ƳŀƴǳŦŀŎǘǳǊŜŘΣ ǘƘŜƴ ǘƘŜ ǊŀǊŜ ŜŀǊǘƘǎ 
required for manufacturing amounts to 1.19 kg.  A trillion LEDs would require all of one tonne of Eu.  
Research firm iSuppli 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 high-power designs do). 

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

Total Demand and Conclusions ð Too Much and Too Little 

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

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

Potential Demand (t) 2010 2011 2012 2013 2014 2015 

La2O3 33,863  35,218  36,626  38,092  39,615  41,200  

CeO2 64,413  66,989  69,669  72,456  75,354  78,368 

Pr6O11 7,299  7,891  8,535  9,227  9,974  10,782  

Nd2O3 21,710  23,621  25,758  27,987  30,396  33,033  

Sm2O3 2,094  2,219  2,352  2,493  2,643  2,802  

Eu2O3 231  250 270  291  315  340  

Tb4O7 242  262  283 305  330  356  

Dy2O3 1,355  1,483  1,635  1,788  1,953  2,136  

Source:  Byron Capital Markets 

[95ǎ ŘƻƴΩǘ ǳǎŜ 

enough REEs in the 

phosphor to make 

any difference in 

demand. 
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Comparing the above (Figure 11, page 15) to our chart for potential production of rare earths 
(Figure 8, page 11) gives us the following result, showing possible levels of over- and undersupply: 

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

Oversupply 2010  2011  2012  2013  2014  2015  % Oversupply in 2015 

La2O3 1,119 3,142  11,384  10,879  13,233  15,455  27% 

CeO2 2,129  5,791 19,311  18,304  23,348  26,508 25% 

Pr6O11 241  359  1,225 728 912  741  6% 

Nd2O3 718  1,198  3,666  2,026  2,812  2,129  6% 

Sm2O3 69  225 486  402  758  828  23% 

Eu2O3 8  40  70  56  106 99  23% 

Tb4O7 8  1 1 (16) 15 16 4% 

Dy2O3 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 and 
Jiangxi, and we have managed to build what we believe will be a considerable oversupply of LREEs, 
to the point of roughly 25% oversupplies of lanthanum and cerium by 2015.  This oversupply is less 
extreme in the case of neodymium and praseodymium, but is still present at levels of 6-7%, which is 
sufficient to cause significant price decreases.  But the supply of both dysprosium and terbium 
become extremely tight, with likely shortfalls in Dy supply. 

This is due to the scarcity of HREEs like Dy and Tb in all deposits; while some REE projects are loosely 
classified as άƘŜŀǾȅέ ŘŜǇƻǎƛǘǎ ŘǳŜ ǘƻ a relatively high percentage of 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 REOs, 
and what those REOs can be sold for.  To put this same point another way, even projects that are 
ƎŜƴŜǊŀƭƭȅ ǊŜƎŀǊŘŜŘ ŀǎ άƘŜŀǾȅέ ŘŜǇƻǎƛǘǎ ǇǊƻŘǳŎŜ ǊƻǳƎƘƭȅ ул҈ [w99ǎΤ ŜǾŜƴ ǘƘŜ άƘŜŀǾƛŜǎέ ŀǊŜ Ƴƻǎǘƭȅ 
άƭƛƎƘǘǎέΦ 

This raises the question of security of supply, one that we are not completely equipped to discuss.  
Pundits are already lamenting the fact that the 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 in 
China.  None of them commented when the first companies making powders and rare earth 
magnets were purchased by the Chinese, giving them a significant head-start into the magnet 
industry.   

Since the numbers indicate that we will be unable to ramp the production of REOs outside of China 
sufficiently quickly to make it possible to keep magnet production out of China, should the Chinese 
decide to simply curtail all shipments 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 and make the 
necessary arrangements now. The second is that we should emphasize the right areas of research.  
We may be able to produce sufficient LREEs, given time, to rebuild a high-value automotive magnet 
industry, but only if alternatives to the use of Dy and Tb to improve high-temperature operation can 
ōŜ ŦƻǳƴŘΦ  !ƭǘŜǊƴŀǘƛǾŜƭȅΣ ƛŦ ȅƻǳ ŎŀƴΩǘ ōŜŀǘ ǘƘŜƳΣ ǘƘŜƴ ƛƳǇǊƻǾŜ ƻƴ ǘƘŜƳΣ ŀƴŘ ƛƴǎǘŜŀŘ ƻŦ ōǳƛƭŘƛƴƎ 

LREEs could 

become 

oversupplied, but 

HREEs are likely to 

always be in 

undersupply, due 

to automotive 

demand. 
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better magnets, simply take Chinese magnets and build the best motors and generators in the 
world, moving farther up 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 concerned, our simple belief is that there are three 
figures of merit that 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 this 
keeps costs down.  The second is the relative ratio of LREEs to HREEs; we are concerned that the 
price of LREEs may well remain level or go down over time, as more projects come into production 
to supply critical HREEs to the magnet and automotive industries.  As long as companies can earn 
incremental positive cash flows from 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 of 
production of HREEs; we believe Dy and Tb will be in short supply, driving up their price and shifting 
the economics of projects in favour of those that can produce a large quantity of HREEs.  Note that 
this does NOT mean we are against ǇǊƻƧŜŎǘǎ ǘƘŀǘ ŀǊŜ ŎƭŀǎǎƛŦƛŜŘ ŀǎ άƭƛƎƘǘέ ŘŜǇƻǎƛǘǎΣ Ƨǳǎǘ ǘƘŀǘ ǿŜ ǿƻǳƭŘ 
rather invest in a project, all else equal, that has high grade TREOs in the ground, a relatively high 
abundance of Dy and Tb, and that is able to produce relatively large quantities of REOs, thus having 
reasonable amounts of HREEs for sale.  If no new LREE projects were to come into production, all 
REEs will be in short supply in relatively short order. 

However, we wish to caution investors in this market that not all REE companies are worth their 
asking price.  We do not believe that REO demand will rise so rapidly and for such an extended time 
that every project will make money.  Such a belief is, we believe, patently incorrect, and investors 
who are holding companies that have deposits with low grades of REOs in the ground, requiring too 
many tonnes of ore to be processed just to produce a small annual level of predominantly LREEs, are 
treading on thin ice.  We suggest investors carefully examine where they are putting their dollars in 
this market, and pick their spots with care. 

  

The best projects 

have high grades 

of TREO in the 

ground, are open-

pit, and produce 

large amounts of 

HREEs. 
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From time to time BCM issues reports that are for information purposes only and will not include investment ratings.  This report is an informational 
report. 
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Notes 
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