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1 Introduction

In July 2010, China’s Ministry of Commerce announced a drastic reduction — by 72% — in rare
earth oxide (REO) exports for the second half of the year, thereby limiting exports for the year to
30,258 tonnes. In December 2010, China announced its export quotas for the first six months of
2011 (14,508 tonnes), further reducing exports by 11% (with a total for all of 2011 set at 30,246
tonnes). These actions, together with the de facto Chinese embargo on rare earth exports levied
against Japan in September-October 2010, in retaliation for Japan’s detention of a Chinese fishing
boat, triggered widespread media reporting and expressions of concern throughout the advanced
industrialized world, notably Japan, the US, and the EU. These and other developments have
spurred government and industry leaders to undertake long overdue assessments of the extent and
potential implications of worldwide dependence on
China for the production of a wide range of strategic
resources, including rare earths; and, as a consequence,
to consider changes to national industrial and security
policies pertaining to strategic materials.

A note on terminology. Rare earth
oxides (REQ) are mined from
natural deposits and processed
into rare earth metals of varying
degrees of purity. Rare earth

Concerns about China’s de facto monopoly on the rare | elements (REE) usually refers to

carth elements (REE) have been expressed on numerous | refined metals, but may also be
occasions in varying fora in recent years. In late October | ¥nderstood lo encompass
2011, in a letter to the US Congress, the president of the | #MF efined oxides as well.

US Association for Rare Earth (RARE) noted China’s
recent reduction of export quotas and its increases in export taxes, and argued that rare earths are
“critical to the production of virtually every high-tech and clean energy product and are
fundamental to the national security of the United States.”' RARE’s letter served to underscore
the testimony of expert witnesses received by various congressional committees over the past
year. For example, the September 2011 testimony of Robert Strahs, Vice-President and General
Manager of Arnold Magnetic Technologies, warned of China’s growing domination of the rare
earth industry and reminded members that rare earths were indispensable in producing the
magnets fabricated by his company. In addition to their role in the development of hybrid power
systems for ground vehicles and naval vessels, these magnets are already used in the F/A-18, the
F-35 Joint Strike Fighter, the Javelin antitank missile, precision-guided munitions, and military
electronic surveillance and countermeasures systems.’

This appeal echoed a report issued the same month by the US Department of Defense (DOD)
citing the importance of finding a way to ensure the continued availability of rare earths to meet
national security objectives and maintain America’s military superiority. The DOD report
followed a familiar theme. In February 2010, the United States Magnet Materials Association had
published a six-point plan intended to address what they described as an “impending rare earth
crisis” that could potentially pose “a significant threat to the economy and national security of the

" Eric Lindeman, “RARE urges US to increase mineral production”, Jane s Defence Weekly (Janes.com,
subscriber only), 27 October 2011.

? Robert G. Strahs, “China’s Monopoly on Rare Earths: Implications for U.S. Foreign and Security Policy”,
Testimony to the House Committee on Foreign Affairs, Subcommittee on Asia and the Pacific, 19
September 201 1. [http:/foreignaffairs.house.gov/112/str092111.pdf]. Accessed 3 November 2011.
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United States”;” and in April of that year, the Defense Contract Management Agency — Industrial
Analysis Center at the US DOD was tasked to support a rare earth materials assessment to
determine the ability of US companies to meet supply chain requirements for rare earth metals.*
While America’s annual REE consumption is modest, the stakes are significant. According to
some estimates, some $2 trillion of the US economy is dependent upon stable sources of REE.’
The situation is especially worrisome from a defence perspective. While the US DOD is a
relatively small customer in the overall REE market (US military consumption accounts for
approximately 7% of global REO production),’ the fact that the US does not currently mine or
refine sufficient REO to meet its own defence, let alone industrial, needs potentially places US
military capability at risk. China’s apparent willingness to use its status as the world’s exclusive
producer of rare earths as a lever to influence the behaviour of its trading partners (as it did vis-a-
vis Japan in September 2010) further increases the stakes.

The purpose of this report is to examine the potential implications of China’s de facto monopoly
over the production of rare earth oxides, and of its tightening grip on the production of rare earth
metals and components incorporating them, for the defence and security interests of the US and
key allies. The report begins with an overview of the REE, their origins, characteristics,
production and uses; and from there, examines China’s role, activities, and apparent intentions in
dominating the global REE economy, and the potential security implications thereof for US and
its Western and Asian allies. The report will conclude with a number of observations about the
potential impact of evolving trends in the production and consumption of rare earth elements.

This study forms part of the broader investigation of China’s re-emergence as a key great power
under the aegis of the Applied Research Project (ARP) 10aal6, established in April 2010, entitled
The Rise of China: Strategic Assessment and Implications for Canadian Security. This project
seeks to answer three basic questions: (1) Is the current trajectory of China’s rise likely to
continue? (2) What are the implications for the international order? (3) What are the implications
for Canadian security? The research contained in this report has been limited largely to secondary
source material due to institutional resource constraints. This paper, and all other papers prepared
in this ARP, are constrained by the lack of access to primary source material (including Mandarin
language sources and/or translation services), as well as a lack of opportunity for in-country
research. Consequently, while every effort has been made to ensure that the present work meets
acceptable scholarly standards, these constraints impose inescapable limitations that cannot be
overcome without the provision of additional resources. Therefore, the results of this study should
not be regarded as authoritative, but the best judgement of the authors based upon their
experience and the research material at hand.

3 Marc Humphries, “Rare Earth Elements: The Global Supply Chain” (Washington, D.C.: Congressional
Research Service Report 7-5700, 30 September 2010), 5.

* Office of the Undersecretary of Defense for Acquisition, Technology and Logistics, Annual Industrial
Capabilities Report to Congress (Washington, D.C.: Department of Defense, September 2010), 10.

3> Mark P. Mills, “Tech’s Mineral Infrastructure — Time to Emulate China’s Rare Earth Policies”,
forbes.com, 1 January 2011. [http://www.forbes.com/sites/markpmills/2011/01/01/techs-mineral-
infrastructure-time-to-emulate-chinas-rare-earth-policies/]. Accessed 4 November 2011.

% Annual Industrial Capabilities Report to Congress, 11.
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11  Background

Consisting of the fifteen elements of the lanthanide series along with the transition metals
scandium and yttrium, the rare earths are relatively common among the elements in the Earth’s
crust. The misnomer is an historical artefact, a consequence of their chemical and geophysical
properties, which tend to result in their being found in diffuse oxide form rather than in easily
recognizable and extractable ore-forming bodies. Reduced to their metallic form, they appear as
soft, malleable, ductile metals that are iron gray to silver in colour. They are usually reactive,
especially at elevated temperatures or when finely divided,” and have melting points ranging from
799°C (cerium) to 1663°C (lutetium).® They tend to be found together in crustal deposits due to
the similarity of their physical properties; all share a trivalent charge, and have similar ionic radii.
All have different numbers of electrons, but unlike most other elements, the differences occur not
in the outermost (5s and 5p) electron shells, but rather in one of the inner shells, 4f. The 4f shell
can hold 14 electrons; lanthanum has none, and lutetium has 14.° Because the chemical properties
of an element depend almost entirely on the electron arrangements in the outer shells, the REE are
chemically all but identical. The variations in the 4f orbital, however, give the individual elements
subtly different physical properties.

First identified and isolated in Sweden at the end of the 18" Century,'® the various oxide forms of
the different rare earth elements proved, because of their chemical similarities, difficult to isolate
and purify. Mistakes in early identification resulted in erroneous and overlapping claims of new
discoveries, and one misidentified element — ‘didymium’ — spent decades on the periodic table
until its principal elemental components, neodymium and praseodymium, were identified by
optical flame spectroscopy. By the early 20" Century, discoveries in the characteristics of atomic
structures were leading to the prediction of new members of the class; the existence of
promethium, for example, a radioactive element that emerges from spontaneous fission of U-238
and has no stable isotopes (the longest-lived isotope has a half-life of 17.7 years, rendering it
exceedingly rare in nature) was predicted in 1902; but promethium was not observed until it could
be isolated from the products of uranium fission in 1945.

7 Daniel Cordier, “Rare Earths”, in US Geological Survey, 2009 Minerals Handbook (Reston, Virginia: US
Geological Survey, July 2011), Table 2, page 60.1.

8 Robert C. Weast, Ed., CRC Handbook of Chemistry and Physics, 64" Ed. (Boca Raton, Florida: CRC
Press, 1984), B-220.

° Lutz, 30.

10 The Swedish towns of Ytterby and Bastnis, near the discovery sites, leant their names, respectively, to
yttrium, the second of the rare earth elements discovered; and bastnaesite, the mineral from which the first
rare earth element, cerium, was originally extracted.
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Figure 1 — The Rare Earth Elements (REE)"’

The slow accumulation of knowledge about the rare earths was also a consequence of lack of
demand. The first practical application of rare earths (the Welsbach gas mantle, a fabric mantle
for gas lamps which, impregnated with rare-earth salts, gave off an intense white light) was not
developed until 1885."% Prior to the Second World War, there was no economical means of
separating REO from mineral deposits, and no large-scale industrial demand. After the war,
industrial exploitation of the rare earths proceeded along two axes — as industrial chemicals in
their own right and as additives to change the properties of other materials. The REE were soon
recognized as having useful properties in certain industrial processes (e.g., for glass polishing and
chemical catalysis) and proved useful as doping agents (e.g., for changing the colour or refractive
index of glass, or altering the electronic properties of other metals). Over the post-War period,
new technologies emerged requiring small quantities of the scarcer REE; very small amounts of
rare earth metals could be added to other materials to drastically alter, for example, their magnetic
properties (as in samarium-cobalt or SmCo magnets) or their optical characteristics (as in
neodymium-doped yttrium-aluminum-garnet (Nd:YAG) crystals for lasers).

The absence of economical refining techniques meant that prior to the 1950s there was no
significant production of rare earth metals from oxides; separating the elements involved complex
physical and chemical processes, and the lack of demand provided few financial incentives. Such
production as there was depended heavily on placer deposits resulting from alluvial flows and
geological sedimentation. After the Mountain Pass mine was opened in 1952 by the Molybdenum
Corporation (later Molycorp) in California’s Mojave Desert, US production of rare earths for
metallurgical and chemical catalytic use quickly overtook global production. As the industries
that required REE grew and expanded, and as new technologies and processes requiring REE

"' Source: Author graphic.

"2 Diana Lutz, “The Quietly Expanding Rare-Earth Market”, The Industrial Physicist (American Institute of
Physics, 1996), 28. The mantle was a stocking impregnated with a 60-20-20 mixture of magnesium,
lanthanum and yttrium oxide. Its inventor, Auer von Welsbach, is also credited with having first separated
‘didymium’ into praseodymium and ‘neodidymium’ (later renamed neodymium).
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were developed, they drew heavily on Molycorp’s facility. During this period — the “Mountain
Pass Era” — Molycorp produced between 10,000 and 20,000 tonnes of REO per annum, more than
the rest of the world combined, and more than sufficient to meet global demand.

Then, in the mid-1980s, China entered the rare earths market. Figure 1 offers a graphical
illustration of what happened at this point. The production trends after China’s entry —
particularly the disappearance of the US as a producer — lie at the root of concerns in Washington
and other capitals about China’s near-total domination of the REE market.

The “Mountain Pass Era” ended in the mid-1990s when production of REO from Chinese sources
(principally Baotou in Inner Mongolia) began to outstrip the US and the rest of the world
combined. A combination of high-grade REO deposits, low labour costs, and lax safety and
environmental standards and regulation enabled China to significantly outperform other REE
producers. Molycorp’s Mountain Pass operation quickly became non-competitive. Low ore prices
led Molycorp to decline to seek renewal of its 50-year mining license, and when this expired in
1992, mining operations ceased. While the facility still retained a large stockpile of unprocessed
ore, and recommenced processing this ore in 2007, Mountain Pass no longer mined its extensive
rare earth deposits. As a consequence, the US became wholly reliant on imports to meet the REE
demands of both mature and emerging market sectors.
I_ CHINESE >
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Figure 2 — Trends in REO Production (tonnes), 1950-2010

Heavy, even total, reliance on the part of industrialized nations on imports of speciality materials
is not unusual in the ‘globalized economy’." As was seen during the “oil shock” of 1973-74

" Sources: USGS data [http://minerals.usgs.gov/ds/2005/140/]; USGS data
[http://pubs.usgs.gov/fs/2002/fs087-02/]; successive USGS annual mineral reports, 1983-2010. Accessed 3
November 2011.
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following the policy decisions of the OPEC cartel, however, excessive dependence for an
important resource on foreign, and not necessarily friendly, powers, may pose national security
concerns. Indeed, the two situations are not without commonalities. The US possesses significant
domestic reserves of oil, natural gas, and other associated petroleum resources that for a variety of
reasons (most of them related to cost competitiveness and regulatory constraints) it has elected
not to exploit. A similar dynamic is at work in the REE market. America possesses significant
reserves of REE-bearing minerals, but for many of the same reasons is not exploiting these
reserves.

As a result, the US no longer mines rare earths; it conducts only very limited production of rare
earth oxides from previously mined ores (China produces 97% of the world’s supply of REO); it
conducts no refining of REO into metals; it produces only small quantities of REE-bearing alloys
(China produces 89% of the world’s supply of rare earth alloys); and very few US companies
produce REE-bearing final components. According to the US Government Accounting Office,
there is only one company in the US that produces samarium-cobalt (SmCo) magnets; and no
companies at all that produce the more modern and powerful neodymium-iron-boron (NdFeB)
magnets required by, inter alia, modern weapons systems. "’

The US presently relies on imports for all but a small fraction of its annual industrial consumption
of REE. Molycorp’s peak production (which it reached in 1990) was about 20,000 tonnes of REO
per annum. Since mining ended, Mountain Pass has been producing small quantities of
neodymium, praseodymium and lanthanum oxide from previously-mined stockpiles. The ore is
high grade (containing 8.9% REO), and the unmined deposit is estimated to contain as much as
30 million tonnes of commercially viable minerals. Molycorp intends to resume mining by 2012
to produce REO principally for magnet manufacture.

" The US, for example, is 100% reliant on imports for manganese and bauxite (aluminum ore), 94% for
platinum, and 90% for uranium — all minerals of considerable strategic importance. Humphries, 1.

"> The US is not alone in this predicament. Japan produces some rare earth alloys for domestic
consumption, but is entirely dependent on China (and to a much smaller extent, Mountain Pass) for its
consumption of REO; and the only company in the UK that produces SmCo magnets is also entirely reliant
on China for rare earth oxides and metals. Belva M. Martin, Acting Director Acquisition and Sourcing
Management, Government Accounting Office, “Rare Earth Materials in the Defense Supply Chain”, letter
to the Chairmen and Ranking Members of the House and Senate Armed Services Committees, GAO-10-
617R, 14 April 2010 (Revised 15 September 2010), 18.
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2 The Rare Earth Elements and Their Uses

The rare earths are divided into two groups, the “light” REE (LREE, lanthanum through
gadolinium), and the “heavy” REE (HREE, terbium through lutetium).'® Scandium and yttrium
are included by convention with the REE because they share common chemical and physical
affiliations with the REE and are often found with them in natural deposits.'” Yttrium is usually
grouped with the HREE, as its ionic radius (between that of holmium and erbium) gives it
properties similar to those elements; scandium is grouped with neither.'® The LREE are far more
abundant in nature than the HREE, typically comprising 80-99% of a given REO deposit. As a
consequence of their comparative scarcity, the HREE tend to be more expensive than the LREE.
Lanthanides with even atomic numbers, moreover, tend to be about five times as abundant as
those with odd atomic numbers. "

2.1 Production Processes

As in all free markets, the demand for and therefore exploitation of rare earths is defined by the
characteristics and needs of the industries consuming them. Until recently, as a general rule rare
earths were consumed either by small industries that needed them in only small quantities (e.g.,
the whole of the phosphor industry consumed only 441 tonnes of europium oxide in 2008); by
large industries that needed them in only small quantities (e.g., automobile catalytic converters,
require only very small quantities of rare earth metals, but which are manufactured by the
millions every year); and by small industries that need them in large quantities (e.g., the glass
additive and glass polishing industries, which are the two largest consumers of cerium oxide).
This dynamic has changed over the past decade with the emergence of the ‘green’ or ‘clean
energy’ sector resulting from extensive government subsidization of large industries consuming
large quantities of REE: wind power, hybrid and electric vehicles, and alternative lighting
technologies.

The rare earth industry is not large; the total annual value of the industry in 2011 has been
estimated at less than USD $5 billion worldwide. Global demand for REE was about 134,000
tonnes per year in 2010, with production from mining running at around 124,000 tonnes. The
difference between supply and demand is made up through the processing and consumption or
export of above-ground inventories (e.g. those held by Molycorp at Mountain Pass, which do not
show up in US export statistics because stockpiled ores are not deemed to have been produced
from primary or newly-mined sources). Global demand is expected to rise sharply, possibly to as

' The division between the light and heavy REE is based on the presence of unpaired (LREE) vice paired
(HREE) electrons in the 4f orbital.

' This is a convention of the International Union of Pure and Applied Chemistry (IUPAC).

'8 Keith R. Long, Bradley S. Van Gosen, Nora K. Foley, and Daniel Cordier, The Principal Rare Earth
Element Deposits of the United States — A Summary of Domestic Deposits and a Global Perspective,
Scientific Investigations Report 2010-5220 (Washington, D.C.: US Geological Survey, 2010), 3.

' This is a consequence of the Oddo-Harkins Rule, which holds that elements with even atomic numbers
are more prevalent than elements with odd atomic numbers because the latter have unpaired protons and
thus exhibit unstable spin, making them more likely over time to capture another proton, and thus become
even-numbered elements. The rule holds well for the lanthanides.
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much as 180,000 tonnes by 2012, and by 2014 could exceed 200,000 tonnes per year,” although
the ongoing financial crises in Europe and the US, the principal markets for consumption of the
end-products of the REE industry, will likely impact those predictions.

Table 1 The Rare Earth Elements — Symbol, Atomic Number, and Uses?’

ELEMENT # Representative uses
Lanthanum La 57 | High refractive index glass, flint, hydrogen storage, battery-
electrodes, camera lenses, fluid catalytic cracking catalyst for
oil refineries, hybrid engines, metal alloys
Cerium Ce 58 | Chemical oxidizing agent, polishing powder, yellow colours in
glass and ceramics, catalyst for self-cleaning ovens, fluid
catalytic cracking catalyst for oil refineries, catalytic converters,
metal alloys
Praseodymium Pr 59 | Rare-earth magnets, lasers, core material for carbon arc lighting,
colorant in glasses and enamels, additive in didymium glass
5 used in welding goggles, ferrocerium firesteel (flint) products.
5 Neodymium Nd 60 | Rare-earth magnets, lasers, violet colours in glass and ceramics,
ceramic capacitors, catalytic converters, petroleum refining,
hybrid engines
Promethium Pm | 61 Nuclear batteries
Samarium Sm 62 Rare-earth magnets, lasers, neutron capture, masers
Europium Eu 63 | Red and blue phosphors, lasers, mercury-vapour lamps, NMR
relaxation agent
Gadolinium Gd 64 | Rare-earth magnets, high refractive index glass or garnets,
lasers, X-ray tubes, computer memories, neutron capture, MRI
contrast agent, NMR relaxation agent
Terbium Tb 65 Green phosphors, lasers, fluorescent lamps, high-temperature
magnets
Dysprosium Dy 66 | Rare-earth magnets, lasers
Holmium Ho 67 | Lasers
- Erbium Er 68 Lasers, vanadium steel
&= | Thulim Tm | 69 | Portable X-ray machines
g Ytterbium Yb 70 | Infrared lasers, chemical reducing agent
Lutetium Lu 71 PET Scan detectors, high refractive index glass
Yttrium Y 39 | Yttrium-aluminum garnet (YAG) lasers, yttrium vanadate
(YVOA4) as host for europium in TV red phosphor, YBCO high-
temperature superconductors, yttrium iron garnet (YIG)
microwave filters.
Scandium™ Se 21 Light aluminum-scandium alloy for aerospace components,
additive in mercury-vapour lamps.

* Humphries, 1.

! Source: various. While the breakpoint between the ‘light’ and ‘heavy’ REE varies from source to source,
the division is based on the presence of unpaired (LREE) versus paired (HREE) electrons in the 4f shell.
This places the division after gadolinium, which has 7 unpaired electrons in 4f, but before terbium, which
begins adding paired electrons through to lutetium, which has 14 paired electrons in 4f. USGS Mineral
Survey 2009, 60.1 [http://minerals.usgs.gov/minerals/pubs/commodity/rare_earths/myb1-2009-raree.pdf].
2 Though grouped with the rare earth elements, scandium tends not to be grouped with either the ‘light’ or

‘heavy’ elements.
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REE are found in oxide, fluoride, chloride and other forms (which are collectively, if erroneously,
referred to as ‘rare earth oxides’, or REO), and must be reduced to produce pure metals. The most
significant concentrations of REO tend to be found in company with rare varieties of igneous rock
(alkaline rocks and carbonatites). Economically viable concentrations may also be found in placer
deposits (deposits formed by gravity differentiation during sedimentation), and in residual
deposits resulting from “weathering of igneous rocks, pegmatites, iron-oxide copper-gold
deposits.” REE also form deposits by leaching from igneous rocks and bonding with clays found
in soil; known as “ion-adsorption clays,” such deposits have to date been found only in
Kazakhstan and southern China.” Other sources of REO — karst bauxites (aluminum-bearing
ores) and marine phosphate deposits, which could exceed land reserves in terms of quantities of
potentially-exploitable REE — are generally of too low concentration to be considered
economically viable at present.”* While China is the world’s largest REE producer; its reserves
constitute only about a third of the global total; between them, Russia and the US possesses
greater proved reserves of REE than China (see figure 3).

M Australia
W Brazil
mChina

M Russia/CIS
M Incia

W Malaysia
W USA

m Others

Figure 3 — Global REO Production in 2009 (left) vs. Known Reserves (right)”

The tendency of REE-bearing oxides to form depositional layers means that they tend to be found
with other, often more valuable minerals (e.g., gold); consequently, REO have historically been
produced more often as a by-product of extraction operations for other mineral products. Of the
roughly 120,000 tonnes of REO produced by China in 2010, for example, 55,000 tonnes was
produced as a byproduct of operations at the Bayan Obo iron mine. According to the USGS, “as

» Long, et al., 3-5.

** The importance of REE to so many industries means that availability tends to be more important than
price, leading to considerable flexibility in the definition of “economically viable.” Japan, for example, is
presently investigating marine phosphates as a potential, and potentially economically viable, source of
REE. See Yashuhiro Kato, Koichiro Fujinaga, Kentaro Nakamura, Yutaro Takaya, Kenichi Kitamura,
Junichiro Ohta, Ryuichi Toda, Takuya Nakashima and Hikaru Iwamori, “Deep-Sea Mud in the Pacific
Ocean as a Potential Resource for Rare-Earth Elements,” Nature Geoscience vol. 4 (August 2011), 535-
539. [http://www.nature.com/ngeo/journal/v4/n8/full/ngeo1185.html]. Accessed 5 November 2011.

¥ Long, et al., 15.
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much as 90 percent of global rare earth elements production is as a byproduct or coproduct.”*®

This significantly reduces China’s extraction costs.

As with other naturally-occurring elements, the REE industry follows five stages of production:
first, mining of minerals containing REO; second, separation of REO; third, refining REO into
rare earth metals with varying degrees of purity (“reduction”); fourth, the manufacture of rare
earth alloys, or alloys of other ferrous and non-ferrous metals incorporating rare earth metals; and
finally, the manufacture of REE-containing subcomponents and finished devices.

Because the REE share common physical and chemical properties, the separation of different
REO found in natural deposits tends to be chemically very complex. Natural oxide deposits can
contain as many as 14 different elements, all of which must be separated prior to purification and
formation of rare earth metals via sintering or smelting. The extraction and separation processes
for the Mountain Pass mine in California are illustrative. From one of the ore types stockpiled at
the mine, 34 individual steps are required to extract the various REO components for further
processing. In addition to various mechanical crushing and grinding, flotation, kiln drying,
roasting, mixing, reduction-separation, filtration and precipitation stages, the separation process
requires the use of high-pressure steam, soda ash fluorosilicate, ammonium lignin sulfonate, tail
oil, hydrochloric acid, and nitric acid.”” These processes merely represent one of the five steps
mentioned above (separation); the reaction products of the various separation stages — cerium
carbonate, neodymium oxide, praseodymium oxide, lanthanum trinitrate, lanthanum chloride,
gadolinium oxide, samarium oxide, europium oxide, and five other REO — still require further
processing and purification to produce the high-purity REO and rare-earth metals that are
required for industrial applications.

REO tend to be associated with specific types of mineral deposits, the most common of which are
bastnaesite, a carbonate mineral which, in China and the US, accounts for the largest
concentrations of REEs; and monazite, a phosphate mineral which (in Australia, Brazil, China,
India, Malaysia and South Africa) accounts for the second largest concentration.”® Bastnaesite,
which is the source of approximately 90% of the world’s economically recoverable REO
deposits, is a primary mineral, while monazite tends to occur in conjunction with other mineral
deposits.”® One of the minerals most commonly associated with monazite ores is thorium, a
radioactive element that can account for up to 20% of the weight of a given monazite ore body
(bastnaesite ores, by contrast, average 0.0 to 0.3% thorium), and the separation of which results in
radioactive tailings, resulting in environmental and health concerns in some REE production
processes.

Different classes of mineral deposits can contain wildly varying concentrations of REE. As has
already been noted, China’s domination of the global REE market in part derives from the quality
of its deposits. The bastnaesite ore found at Bayan Obo, for example, has high concentrations of
the LREE, particularly cerium and lanthanum, both of which are in high demand for glass and
chemical catalysis products; and of neodymium, presently in high demand due to the swiftly
growing permanent magnet industry. The lateritic ore (ionic clays) found in Jiangxi and and other

% Ibid., 11.

27 Long, et al., Figure 2, 8.

8 Bastnaetites have the formula (Ce, La)CO5(F, OH); monazites have the formula (Ce, La, Nd, Th)PO,.
Both may contain varieties of other rare earth elements as well.

* Humphries, 5.
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regions in Southern China, by contrast, contains, in addition to lanthanum, large concentrations
neodymium, praseodymium, samarium and the more uncommon HREE.’” China thus benefits
from an ability to supply all of the varieties of rare earths in demand by modern industry.

2.2 Environmental Challenges

One analyst describes rare earths as “an absolute nightmare to refine”, evoking the “rare earth
paradox”: that self-styled “clean energy technologies” are so heavily dependent upon “dirty
ores.”*' Mountain Pass, for example, uses an open pit mine, a mode of exploitation which, even if
subsequently remediated, is anathema to the environmental lobby. Baotou also uses open-pit
mining (at Bayan Obo), and the Chinese government has thus far largely eschewed remediation.

Refining of mined ores is energy intensive, consumes large amounts of fresh water (the Mountain
Pass operation requires 850 litres per minute, which Molycorp hopes to reduce by a factor of five
through the introduction of a new recycling system),’” and requires significant amounts of acid
and solvents for extraction. Processing results in contaminated waste streams which must be
extensively treated before wastewater can be returned to the environment. In the years before it
ceased operation, the Mountain Pass facility was subjected to regulatory action due to problems
with wastewater management.

That said, the environmental burden of rare earth production in Western countries pales in
comparison to the environmental impact of operations in places like China where, in addition to
lax environmental regulation and endemic corruption, illegal small-scale mining operations have
raised environmental risk and damage to astronomical levels. In Guangdong and Jiangxi, for
example, where surface deposits of ionic clays contain the valuable HREE, there were until
recently more than 200 small mines, half of which operated illegally, outside even China’s
rudimentary environmental controls.

Rare earth mining generates approximately 2,000 tonnes of mine tailings for every tonne of REO
extracted, most of which tends to be placed in long-term pit disposal sites rather than being
subjected to remediation. Rare earth processing in Baotou consumes large quantities of hazardous
and toxic chemicals (e.g., oxalic acid and ammonium carbonate), and produces millions of tonnes
of contaminated wastewater per year.”> Occupational poisonings due to lead, phosphorous,

3% Hocquard, 15.

3! Hocquard, 29. This is hardly a novel discovery; few mining and refining processes are sufficiently
“clean” to meet with the approval of idealistic environmental activists. Proponents of electric cars like the
General Motors Corporation ‘Volt’ or the Tesla ‘Roadster’ tend to forget that more than 50% of the
electricity generated in the United States comes from coal, and that once thermal efficiency and
transmission losses are taken into account, electric vehicles are no more ‘energy efficient’ than their
gasoline counterparts.

32 Hocquard, 30.

33 Cindy Hurst, China’s Rare Earth Elements Industry: What Can the West Learn?, Institute for the
Analysis of Global Security, March 2010, 16-17.
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mercury and benzene are reportedly common both at the mine and at refining facilities; and the
. . . . C . 4
most common disease in Baotou, according to one report, is pneumoconiosis, or ‘black lung.”’

Rare earths — especially the HREE — also tend to be associated with some degree of radioactivity.
Lanthanum, neodymium, promethium, samarium gadolinium, dysprosium, erbium, ytterbium and
lutetium all have isotopes of varying radioactivity and stability, most of which are alpha emitters
(the most common isotope of lutetium is a beta emitter). Of the REE, promethium (which is
naturally radioactive, occurring as a result of the spontaneous fission of uranium-238 or the alpha
decay of europium-151) has 13 isotopes, none of which is stable, and the longest-lived of which
has a half-life of only 17.7 years. Consequently, promethium is so rare in nature that the estimated
total in the Earth’s crust has been calculated to be less than 1 kg.”> Promethium produced for its
only industrial use (fuelling nuclear batteries), is created in nuclear power reactors as a fission by-
product.

Of the other rare earth isotopes, none are highly radioactive. The principal source of radioactivity
in REE-bearing minerals tends to be the presence of radioactive elements like thorium, uranium,
and radium. As noted above, some monazite ores may contain significant quantities of thorium or
other radioactive elements. The environmental constraints and regulations associated with the
radioactive by-products of monazite extraction have essentially eliminated monazite as an
economically feasible source of REE in the US. Thorium has been cited as one cause of
contamination in the Baotou area and the Yellow River,”® and the issue tends to crop up
whenever rare earth processing is discussed. Concerns about thorium in waste streams from REE
processing came to the fore in May of 2011 when, in the wake of the radioactive contamination
suffered by Japan as a result of the damage to the Fukushima Daichi reactors from the 11 March
2011 earthquake and tsunami, widespread protests broke out at the Lynas refinery in Kuantan,
Malaysia. The refinery is designed to process “slightly radioactive” ore from the Mount Weld
mine in Australia, but as of October 2011 had not yet commenced operations. The protests drew
on fears of radioactive and other environmental contamination harking back to the environmental
damage, including thorium contamination, resulting from REE processing at a facility in Bukit
Merah (also in Malaysia) owned by Mitsubishi Chemicals, that was closed in the 1980s due to a
higher-than-normal incidence of birth defects and leukemia in children born in the area.’’ Lynas
spokesmen have argued that processing at the Kuantan plant will be conducted according to strict
safety standards, and that the ore from Mount Weld contains very low levels of thorium.®

34 Zhang Xi and agency sources, “Rare Earth Industry Adjusts to Slow Market”, Gansu Daily in English
(date unclear; 7 September 2009). [http://english.gansudaily.com.cn/system/2009/09/07/011259782.shtml].
Accessed 8 November 2011.

3% The existence of promethium was predicted in the early 20™ Century. It was first produced in 1941 by
irradiation of neodymium and praseodymium. True promethium was separated at Oak Ridge National
Laboratory in 1945 from the byproducts of uranium fission. Weast, B-27.

** Hurst, 17.

37 Baradan Kuppusamy, “Malaysia: Radiation Fears Fuel Protest”, Inter Press Service News Agency (6 May
2011). [http://www.scribd.com/doc/55171424/Gebeng-Rare-Earth-Plant-Protest-IPS-Inter-Press-Service].
Accessed 4 November 2011.

* Yoolim Lee, “Malaysia Rare Earths in Largest Would-Be Refinery Incite Protest”, Bloomberg Markets
Magazine (31 May 2011). [http://www.bloomberg.com/news/2011-05-31/malaysia-rare-earths-in-largest-
would-be-refinery-incite-protest.html]. Accessed 4 November 2011.
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Taken altogether, rare earth mining and processing poses a compendium of environmental risks,
including but not limited to water, groundwater and soil contamination by radionuclides (chiefly
thorium and uranium), heavy metals, acids (chiefly hydrogen fluoride and hydrochloric acid) and
fluorides.” Air emissions may include all of these as well as dusts, metal oxides and heavy
metals. Absent strict safety and waste treatment protocols, rare earth mining has the potential to
impose significant human health and environmental hazards. The technical requirements involved
in waste management and mitigating health and environmental hazards associated with mining
and processing rare earths make it particularly challenging to operate new mining and processing
facilities in remote or difficult-to-access areas like Greenland, Quebec-Labrador, and the
Northwest Territories.
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Figure 4 — Distribution of Worldwide Consumption of REO (tonnes) by Market Sector (2008)"

3% For a comprehensive discussion of the environmental hazards associated with rare earth mining, see
Doris Schiiler, et al., Study on Rare Earths and their Recycling (Darmstadt, Germany: Institute for Applied
Ecology, January 2011), 42-61.

* Data from Goonan, Table 1, 3.
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2.3 REE End-Uses and Markets

Total consumption of REO in 2008 amounted to approximately 129,000 tonnes. As Figures 4 and
5 demonstrate, this consumption was split relatively evenly among the glass industry (28,400
tonnes: 68% for polishing compounds and 42% for glass additives); the catalyst industry (27,400
tonnes: 72% for fluid cracking in petroleum plants and 28% for automotive catalytic converters);
the neodymium-iron-boron (NdFeB) magnet industry (26,300 tonnes); for metallurgy and battery
alloys (23,600 tonnes); and all other uses, 23,500 tonnes (including 9,000 tonnes for the
production of phosphors, and 7,000 tonnes for the production of ceramics).

In mature markets, lanthanum and cerium (the most plentiful of the LREE) constitute about 80%
of REE consumption. In emerging, high-growth markets, by contrast, neodymium,
praseodymium, and dysprosium — key additives in permanent magnet alloys — account for about
85% of the rare elements used. These elements are less likely to be found in the sorts of REO
deposits presently being exploited worldwide. The bastnaesite ore found at Mountain Pass, for
example, is approximately 49.1% cerium and 33.2% lanthanum by weight, but contains only 12%
neodymium, 4.34% praseodymium, and trace quantities of dysprosium.*’

Notwithstanding the impact of the current financial crisis, the US demand for REE is growing;
the demand for end products containing rare earth permanent magnets is expected to grow by 10-
16% per year, and the demand for rare earths to support fluid cracking catalysis in petroleum
refining and the production of catalytic converters in automobile applications is likely to grow by
6-8% per year.” Demand for REE is also expected to grow as a result of increasing demand for
flat-panel displays (phosphors), hybrid vehicle engines and wind turbines (magnets) and defence
and medical applications (various uses).

2.31 Mature Market Sectors

Fluid Cracking. REE are heavily used in refinery applications to improve the selectivity of
catalytic cracking and produce higher yields of desirable products, such as motor gasoline.
Precision in fluid cracking depends heavily on temperature and pressure control and the presence
of a suitable catalyst. Catalysts are based on zeolites, aluminosilicate minerals that serve as
molecular sieves, providing a large surface area for chemical reactions relative to their volume.
The minerals are dealuminized and doped with REE through an ion exchange process, resulting in
material that is between 1.5 and 5% REE by weight. Catalysts gradually become contaminated
with carbon but can be regenerated and returned to use. Lanthanum oxide is the most prominent
rare earth in fluid cracking applications, accounting for two-thirds of the REO consumed by this
sector. Cerium oxide accounts for roughly another third, while neodymium and praseodymium
oxide each account for less than 1%. Cerium is also used in cracking additives to reduce
production of nitrous oxide and sulphur oxide pollutants. Annual consumption of REO for fluid
cracking was 7,550 tonnes worldwide in 2009, of which the US refinery industry consumes about
half.*> While the REO used in fluid cracking accounts for only a very small proportion of the cost
of refinery products, the absence of key REE components could significantly alter productivity,

*! Cordier, Table 2, page 60.9.

2 Humphries, 3.

3 US Department of Energy, Critical Materials Strategy (Washington, D.C.: Department of Energy,
December 2010), 25.
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impacting the price of fuels, and requiring costly investments in refinery infrastructure to
maintain operation without REE.

45000
40000 l m Other B
N Glass polishing
35000 +— -
i Phosphors
30000 1— m Battery alloys —
B NdFeB Magnets
25000 - L
M Metallurgy (except batteries)
20000 - -
M Glass additives
15000 - M Fluid catalytic cracking =
W Ceramics
10000 - -
[ ] B Automobile catalytic converters
5000 -
0 - | | | | - : || B B E— -
L
O R R &
¢ ° & W & © S & & &
& & & S ¥ S < S
v \kc‘ - 6\ &
Qﬂ

Figure 5 — Estimated Worldwide Consumption (tonnes) and End-Use of Different REO (2008)*

Catalytic Converters. Automotive catalytic converters use REE, principally cerium, as a catalyst
to improve the oxidation of carbon monoxide in order to reduce vehicle emissions. Although only
small amounts of cerium are required for each catalytic converter, the technology is in widespread
use, and the production of automotive catalytic converters consumed 5% of all REO and 16% of

# Goonan, adapted from Table 1, 3.
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all cerium produced in 2009. Catalytic converters accounted for nearly 10% of the total US
consumption of REE in 2008.*

Glass Manufacture. REE are consumed by the glass manufacturing industry to enable glass
products to perform special functions, for example absorbing ultraviolet radiation, altering the
refractive index of glass panes or items, and colourizing or decolourizing transmitted light.*’
Yttrium and neodymium are common additives used in doping aluminum-garnet compounds to
produce YAG lasers; other REE are used for this purpose in smaller quantities. The most
common use of REE by the glass industry, however, is in polishing powders, the production of
which consumed roughly 25% of the cerium produced in 2009. Cerium and lanthanum together
account for more than 90% of the REE used by the glass industry; other oxides, principally
praseodymium and neodymium, account for the rest. The lion’s share of “other” REO is
consumed by the glass industry.

Metallurgy (Non-Battery Alloys). REE are used in relatively small quantities to create alloys of
aluminum, iron, steel and other metals in order to achieve specific physical properties. Non-
battery metallurgical uses accounted for roughly 10% of the REE consumed worldwide in 2009.
Of this total, cerium accounted for a little over 50%, lanthanum for 25%, neodymium for 17%,
and praseodymium for 5%.

Phosphors. Phosphors are luminescent compounds containing transition metals (e.g., zinc and
cadmium) and/or REE. Certain REE are used to produce specific colours of light in cathode-ray
tubes, fluorescent lamps, and other lighting applications. In 2009, the production of phosphors
accounted for 7% of the global consumption of REE, with yttrium oxide accounting for the lion’s
share, nearly 70%. Cerium and lanthanum made up another 20%, and europium, gadolinium and
terbium the last 10%. The phosphor industry is the sole significant consumer of europium, and
accounted for 90% of the terbium consumed in 2009.

2.3.2 Emerging Market Sectors

Most of the growth in REE consumption is being driven by emerging market sectors, especially
low-wattage lighting technologies, rare earth magnets, battery alloys and ceramics. Due to
government policies and subsidies aimed at reducing energy consumption and carbon emissions,
clean energy technologies are one of the major forces driving the transformation of emerging
markets and, therefore, REE consumption patterns.

Low-Wattage Lighting Technologies. Old-fashioned “straight” fluorescent tube lights contained
no REE. Today’s low-wattage fluorescent lights, however, in an attempt to provide more spectral
colours and become more visually pleasant (and thus marketable), tend to contain varying
concentrations of REE in luminescent phosphors — typically lanthanum, cerium, europium,
terbium and yttrium. Neodymium is also used as a component in glassmaking for advanced
lighting to shift the output colours towards more natural light. Due the requirement for
extraordinarily high levels of purity (99.999%), the use of REE in phosphors is a comparatively
costly application. According to the US DOE, phosphor use accounted for roughly 7% of REE

3 DOE, Critical Material Strategy, 25.
46 Goonan, 6.
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consumption by volume in 2008, but 32% of the total value of REE consumed worldwide.*’
Compact fluorescent light-bulbs (CFL) are manufactured almost exclusively in China, and China
consumes 80% of the world’s phosphor production in fabricating lighting components. **

Rare Earth Magnets. Neodymium is the key element in permanent NdFeB magnets (which are
about 29% neodymium by weight) in motors and turbine generators. These magnets — the patent
for which is held by a single company, Hitachi — have become ubiquitous, appearing in the small
motors used in computer disk drives, in automobile windows, in toys, and in a plethora of other
common applications. They are also a key enabling technology in hybrid and all-electric vehicles,
which require high-power, low-weight motors. An electric-drive vehicle motor requires hundreds
of grams of neodymium (and dysprosium), and the vehicle as a whole may require up to a
kilogram of these elements. The motors used in electric bicycles also require these magnets, and
although their motors (and batteries, which also require REE) are much smaller than those used in
electric cars, many more electrical bicycles are sold than electric cars, particularly in developing
countries.

Wind turbines are the largest single consumer of specific REE, especially neodymium. Each wind
turbine generator requires hundreds of kilograms of neodymium and other REE.* As a rule, wind
turbine manufacture requires approximately one tonne of neodymium oxide per installed MW of
capacity. Magnetic refrigeration, a promising emerging technology, will also require significant
quantities of REE should it ever become commercially viable.

The rare earth permanent magnet industry has become the single largest consumer of REE,
accounting for 20% of REE consumption in 2009. Magnet production accounted for roughly
three-quarters of all consumption of neodymium, praseodymium and gadolinium, and 100% of all
dysprosium produced in 2009. Like other emerging markets, this sector is expected to grow more
rapidly than mature market sectors, although further growth will depend on continued heavy
governmental subsidies for wind power and hybrid and electric vehicles, which are the single
largest consumer of these magnets.

Battery Alloys. Contemporary hybrid electric vehicles use nickel metal hydride (NiMH) batteries.
The cathode for these batteries is usually a rare earth mischmetal containing lanthanum, cerium,
neodymium and praseodymium. The battery packs for such vehicles generally require several
kilograms of REE.” In 2009, battery production accounted for 15% of the global consumption of
lanthanum, 10% of cerium, and significant quantities of neodymium and praseodymium. The
battery alloy sector is also the single largest consumer of samarium, accounting for 75% of
consumption in 2009. REE (especially yttrium in doped-zirconia cathodes) are also used heavily
in fuel cell technology. According to the US DOD, there is no substitute for the REE used in solid
oxide fuel cell separator stacks.”’ NiMH batteries and fuel cells are the key enabling technologies
for the current and next generations of hybrid and all-electric vehicles, and this sector is expected
to continue to grow swiftly. The resulting pressure on REE supply may be somewhat alleviated if
lithium-ion (LI) batteries begin to replace NiMH batteries in the electric automobile industry, as
LI batteries do not require REE. As with the rare earth magnet sector, continued growth in the

" DOE, Critical Material Strategy, 21.
* bid, 23.
* 1bid, 15.
0 Ibid, 17.
1 Ibid, 24.
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battery alloy is dependent upon the continuation of heavy government subsidies for hybrid and
electric vehicles.

Ceramics. REE are added to ceramic compounds to alter their physical properties for purposes
ranging from the pedestrian (altering their colour) to the exotic (to produce “ferrites for high
frequencies and to stabilize zirconia in oxygen sensors).”> These uses accounted for roughly five
percent of the REE consumed in 2009. Yttrium accounted for more than half of the REE
consumed for this purpose (and the ceramics industry consumed roughly one-third of all yttrium);
lanthanum, cerium, neodymium and praseodymium accounted for the rest.

Clean Energy Technologies. According to the US Department of Energy, nine of the REE are
critical to the continued development and deployment of ‘clean energy’ technologies:

e lanthanum and cerium are critical to vehicle batteries and phosphors used in low-wattage
lighting;

e praseodymium and neodymium are critical to wind turbine magnets, vehicle magnets, and
vehicle batteries;

e samarium and dysprosium are critical to wind turbine and vehicle magnets; and,
e curopium, terbium and yttrium are critical to phosphors used in low-wattage lighting.”

e Yttrium is becoming increasingly important in fuel cell applications; gadolinium in
magnetic refrigeration; yttrium and cerium in high-temperature superconductors; and
other REE in doping gallium-neon lasers for optical computer processing.”*

‘Clean energy’ applications for permanent magnets are quickly becoming the most significant
source of REE consumption. China, for example, has announced plans to expand its domestic
installed wind turbine capacity from 12 GW to 100 GW by 2020, while some analysts forecast
18% annual growth in wind power deployments, reaching a global total of 700 GW installed by
that year. Newer wind power arrays use gearless direct-drive turbines. For such applications,
NdFeB magnets are far more efficient, producing roughly 10 times as much power as turbines
using ferrite (or SmCo) magnets. However, due to the high cost of neodymium, the NdFeB
turbines are 30 times as costly to manufacture.”® Currently, only about 4% of offshore wind farm
deployments use direct-drive turbines, but due to the benefits of direct-drive technology, this is
expected to rise to 25% over coming years.”® Even 18% per annum growth would consume
roughly 200,000 tonnes of neodymium over the course of a decade, doubling the current annual
demand for neodymium.

52 Goonan, 8.

S DOE, Critical Material Strategy, 14.

>* Hocquard, 59-64.

> Ibid, 48.

*% Tyler Hamilton, * ‘Rare-earth metals’ not so indispensable”, Thestar.com (28 January 2011).
[http://www.moneyville.ca/article/929979--rare-earth-metals-not-so-indispensable]. Accessed 8 November
2011.
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Such growth assumptions, of course, depend heavily upon cost-benefit analyses as well as the
availability of rare earths; and also upon the continued heavy subsidization by governments of the
wind power industry. Because there is no guarantee that these subsidies will continue, it is
important not to overestimate the likelihood of shortages solely on the basis of the importance of
the REE to the clean energy sector. Likewise, a decline in the availability of the REE necessary to
produce NdFeB magnets for direct-drive turbines could lead wind turbine producers to simply
return to less efficient, but non-REE-containing, geared turbine systems. Some manufacturers —
for example, Denmark’s Vestas, one of the world’s largest wind power concerns with market
capitalization of about €2 billion — have already made a strategic decision to continue to use
geared systems precisely due to concerns about the long-term availability of rare-earth magnets.

A similar dynamic is at work in the hybrid and electric vehicle industry, which requires many
different REE (lanthanum in NiMH batteries; neodymium, praseodymium, dysprosium and
terbium in electric motors and regenerative braking systems; and, like the rest of the automotive
industry, cerium and lanthanum in catalytic converters, and cerium in glass).”” While Toyota uses
permanent rare earth magnets in the electric motor of its Prius hybrid electric vehicle, this is not
the only technological option available. Both the Tesla Roadster and the BMW Mini-E, for
example, use induction motors, which do not require permanent magnets, and which use iron,
aluminum and copper, metals that are much more widely available. Similarly, the gradual
evolution away from NiMH batteries toward LI batteries will progressively eliminate the need for
the REE used in battery cathodes. Accordingly, the present constriction in REE is less a wall
impeding progress in clean energy than it is a hump that may be surmounted once the current
technological generation of motor and battery technology gives way to the next.

Finally, the growing use of REE in phosphors is linked in large part to the increasing popularity
of compact fluorescent light bulbs (CFLs) due to their lower power consumption requirements
compared to incandescent lighting. As with wind power and hybrid and electric vehicles, the
rising use for CFLs has been driven less by consumer demand than by government policies, in
this case in the form of graduated bans on incandescent light bulbs.’® The negative response of
consumers to intervention in the market has led governments to delay implementing the bans.
Meanwhile, light-emitting diode (LED) technology for lighting purposes, while presently more
expensive than CFLs, is proving more energy-efficient, more flexible in terms of applications
(and, importantly, comfort level for users), and far more durable; and, from a consumer safety
standpoint, LED bulbs — unlike CFLs — do not contain liquid mercury. While LED bulbs can be
made without recourse to rare earths, in order to produce more comfortable wavelengths they
often contain phosphors (phosphor-converted LED bulbs, or pcLEDs), which may require rare
earths. Bulbs based on organic LED (OLED) or polymer LED (PLED) technology, currently in
development, do not require rare earths; thus, constrained availability of REE for lighting
applications, while a temporary inconvenience, may gradually be overcome through further
development of more advanced technologies. Indeed, where clean energy technologies are

*" Hocquard, 51.

*¥ In 2007, the governments of Canada and the US announced new energy efficiency standards for light
bulbs that had the effect of banning incandescent bulbs. Under the Canadian policies, 100W and 75W
incandescent bulbs could no longer be sold as of January 2012, while 60W and 40W bulbs would disappear
from shelves as of January 2013. The public’s visceral response led Ottawa to postpone implementation
until 2014 at the earliest. “Light-bulb ban has voters incandescent with rage”, Macleans (19 July 2011).
[http://www?2.macleans.ca/2011/07/19/light-bulb-ban-has-voters-incandescent-with-rage/]. Accessed 11
November 2011.
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concerned, China’s decision to restrict REE supplies may simply spur consumers towards more
rapid adoption of the next technological generation.

233 Defence Applications of REE

Defence applications of REE tend to be grouped under the “other” category. In 2009, “other”
applications consumed about 7,500 tonnes of REE, roughly 6% of total global consumption of
rare earths. Cerium, neodymium, lanthanum and yttrium accounted for the bulk of this, with the
remainder of consumption consisting of praseodymium, gadolinium, samarium and other REE.
Some of the principal end products of REE consumption for defence applications are listed at
Table 2. US examples are used to provide a more comprehensive picture of the extent to which
modern defence technologies depend upon REE, and also because many of America’s NATO and

Asia-Pacific allies are heavily reliant on US defence technology and weapons systems.

Table 2 — Selected Defence Uses of REE’’

REE Principal Uses Defence Examples (US)
Applications
Nd, Pr, Powerful, compact | Guidance and e Tomahawk cruise missile
Sm, Dy, | permanent magnets | control motorsand | e  Smart bombs
Tb actuators e JDAM
e Joint AGM
e  Predator UAV
Electric Drive e  CHPS Future Combat Vehicle
Motors e Integrated starter generators
e  Hub-mounted electric drives
e Zumwalt DDG 1000
e  JSF and more electric aircraft
Various Energy storage, Electronic warfare, | ¢  Electronic jammers
energy directed energy e  Electromagnetic railgun
amplification, weapons, night e NiMH batteries
capacitance vision e  Area Denial System
e Night-vision equipment
Y, Eu, Tb | Energy Laser targeting and | e  Laser targeting devices
amplification, laser weapons e ABL and aerial laser systems
resolution e Laser Avenger (C/IED)
e  Sabershot photonic disruptor
e Battlefield laser weapons
Nd, Y, Amplification and Radar, sonar, e  Sonar transducers
La, Lu, enhanced signal radiation and e  Radar systems
Eu resolution chemical detection | ¢ Ephanced A-ray detection
e  Chemical agent alarms

% Valerie Bailey Grasso, “Rare Earth Elements in National Defense: Background, Oversight Issues, and
Options for Congress” CRS Report 7-5700 (Washington, D.C.: Congressional Research Service, 31 March
2011), 4-5.
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As is usual with REE end products, for most military applications the availability of REO is more
important than their cost. Erbium, for example, is used to dope optical fibres to improve the
performance of laser amplifiers in long-distance telecommunications cables. Although it is fairly
expensive,” it is indispensable in laser repeater fabrication because no other known element has
the required optical properties. Similarly, without NdFeB magnets, modern disk drives, CD and
DVD players, and servo motors used in everything from military weapons to satellites, would not
be possible. There is no known substitute for europium in the red phosphor used in colour
cathode-ray tubes, liquid crystal displays, and computer monitors; and no better polishing agent
than cerium oxide for glass products ranging from precision lenses to telescope mirrors.°'

The problem for defence applications has been exacerbated by a deliberate policy of buying oft-
the-shelf consumer products (or militarized versions thereof) that often contain REE in common
elements like hard drives, CD/DVD drives, batteries and the like. In many cases, the systems are
built around an existing technology and would not be feasible without it. One example is the sort
of powerful, miniaturized motors used in fin actuators for missile and smart bomb systems, which
are based around NdFeB magnets; there are no substitute technologies that can do the same job
within the same space and weight constraints. Nor is this wholly a recent development; defence
establishments are often the first to adopt emerging technologies, and the US has been using rare
earth magnets for a long time. The Aegis SPY-1 radar, for example, which supports the US
Navy’s Standard area defence missile system (and, therefore, also the sea-based leg of the
ballistic missile defence system), uses SmCo permanent magnets, which must be periodically
replaced as they wear out. As the US Navy plans to keep SPY-1 equipped vessels in service for
the foreseeable future, a supply of appropriate magnets must be assured.®* The same calculus
applies to Japan, which uses the SPY-1 / Standard missile system in its Kongo and Atago class
guided missile destroyers. The latter class, the most recent of which (Ashigara) was
commissioned in 2008, is likely to remain in service until mid-century.

The SPY-1 radar illustrates why supply constraints in the REE market pose a strategic problem
for the US and its allies. The long lifespan of major items of defence equipment means that
technologies adopted by militaries and brought into defence use (sometimes very widespread use)
will often become generational in nature. The Aegis radar system has been operational with the
US Navy since the early 1970s; the Abrams tank, since 1980; and the Tomahawk cruise missile
entered service in 1983. All contain components that use REE. Unless these systems can be re-
engineered to use non-REE components — an uncertain proposition, especially for guidance
systems and fin actuators, which require small, powerful motors — they will continue to require
periodic refurbishing, including replacement of REE-containing components, for as long as they
remain in service.*

5 According to mineralprices.com, erbium metal of purity >99.9% traded at USD $380/kg on 30
September 2011.

%' Gordon B. Haxel, James B. Hedrick, and Greta J. Orris, US Geological Survey, Fact Sheet 087-02, “Rare
Earth Elements — Critical Resources for High Technology”. [http://pubs.usgs.gov/fs/2002/fs087-02/].
Accessed 24 October 2011.

% Martin, 26-28.

% Actually, military systems require a steady supply of replacement components so long as they remain in
inventory. The case of the B53 nuclear bomb is illustrative. The B53, a 9 Mt thermonuclear weapon,
entered the US Air Force inventory in 1962 and was in service for 35 years, until 1997. However, it
remained in the US inventory of strategic weapons until this year, when the last weapons in the stockpile
were dismantled. 49 years is a significant lifespan for a weapon system.
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Recently-introduced systems, like the Predator UAV (in service since 1995) and the Joint Direct
Attack Munition (JDAM, in service since 1997), will likely remain in service for decades; and
developmental systems like the Joint Strike Fighter, electric drive ships and vehicles, and exotic
weapon systems like lasers and rail-guns will, if deployed, be in service for much longer. The
continued serviceability of these systems will depend upon a stable and reliable supply of
replacement components, including any that may contain REE; and the US and its allies continue
to develop, purchase and deploy major REE-containing weapon systems today.

Militaries may be the first to exploit emerging technologies, but because they are so expensive
(and the defence procurement process so onerous), they retain them much longer than civilian
consumers. The military forces of the US — and therefore of its principal NATO and Asian allies
— will remain critically dependent upon stable supplies of REE long after the consumer economy
will have moved on to other, potentially non-REE-reliant, technologies. For this reason, China’s
de facto monopoly on rare earth production, processing and component fabrication — and,
therefore, America’s (and its allies’) dependence on China’s REE output — constitutes both a
critical near-term strategic dilemma and a long-term strategic problem. The following section will
examine how China’s economic, industrial and trade policies have led to, and are likely to
prolong, the West’s REE ‘dependence dilemma.’
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3 China’s Industrial Policies and REE

Bayan Obo is located in the Inner Mongolian (Nei Mongol) Autonomous Region, roughly 120
km north of Baotou, which administers the district. In 1927, a massive iron ore deposit (an
estimated 1,500+ million tonnes, with an average grade of 35 wt%) was discovered in this
locality. It was subsequently identified as a polymetallic deposit of iron, LREE and niobium, and
is the largest deposit in China for all three types of mineral products. During the 1950s, Bayan
Obo was built and operated as an iron ore mine for Baotou Iron & Steel Co., with rare earths as a
by-product. Beginning in the early 1960s, China sought to maximize the use of Bayan Obo and
increasingly viewed rare earths as a strategic resource. In 1963, the Baotou Research Institute for
Rare Earths was established, and increased investment was made in REE exploration, extraction
and separation processes. By the late 1970s, a combination of government support, breakthroughs
in processing technology (i.e., cascade extraction and separation), cheap and readily available
labour and poor (i.e., virtually non-existent) environmental standards meant that China could
produce REE at lower cost than the rest of the world. Throughout the 1980s, Chinese mining
operations increased dramatically and rare earth production grew at an annual rate of 40%. As the
price of rare earths fell, mining and processing operations outside China became uneconomical.
In 1988, China surpassed the US to become the world’s largest rare earth supplier. Currently,
China accounts for roughly 97% of global production, even though its known reserves represent
only an estimated 36% of global reserves. Moreover, China has a virtual monopoly on the
separation/processing of rare earth minerals.

3.1 China’s State Development Planning

China’s current near monopoly in rare earth production and processing did not develop in
isolation from wider state-led policies and priorities. The rare earths industry is a small but
critical part of China’s massive and massively ambitious long-term development plans. These
plans focus on “rebalancing” the economy from an export-driven relatively low technology and
inefficient manufacturing/industrial production model, to one driven by domestic consumption
and “indigenous innovation” (zizhu chuangxin), leading to efficient, high-technology production
across a range of cutting edge sectors and the development of globally-competitive Chinese
products on the international marketplace. China aims to move up the production value chain in
the global marketplace in everything from the automotive and aerospace sectors to green
technology, IT and nanotechnology. In short, since the mid-1980s, China has become the “factory
of the world,” but has long recognized the need to transform from being an assembler of foreign-
derived technologies and products to an innovator and global leader in a range of high-technology
sectors.

China’s economy has undergone a remarkable transformation since the adoption of ‘reform and
opening up’ (gaige kaifang) in December 1978. Market-oriented reforms since then have
produced an economy that is now the second largest in the world. China now produces (or at least
assembles) most of the world’s photocopiers, cell phones, digital cameras and textiles, is the
world’s largest consumer of steel, copper and concrete, and is a major importer of crude oil, iron
ore (and an array of other metals, including copper), and cotton. While Chinese companies, using
their low cost advantage, have succeeded as manufacturers and assemblers of IT products, foreign
technologies continue to dominate the high value parts of high-technology products, with China
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relegated to low or value-added labour-intensive roles in global production networks. Chinese
companies remain dependent on (and must make high patent payments to) foreign technology
companies, and depend on foreign companies for crucial parts and technological support. Chinese
leaders fear that the country will remain trapped in this position, while at the same time, due to
rising labour and energy costs, China risks being supplanted by new lower-cost markets, such as
Bangladesh, Indonesia and Vietnam. The solution to this dilemma is to break China’s dependence
on foreign technology by moving from the “made in China” model to one of “innovated in
China.”®* This, in turn, requires further concerted state-led efforts, utilizing China’s market size,
control of raw materials and procurement policies, to encourage or compel foreign companies to
transfer technology to Chinese firms and to invest massively in domestic innovation.

In February 2006, the State Council released “The National Medium- and Long-Term Plan for the
Development of Science and Technology (2006-2020)” (Guojia zhong changqi kexue he jishu
fazhan ghuihua gangyao 2006-2020), more commonly known as the MLP.® At its heart, the
MLP is about indigenous innovation. Chinese leaders believe that innovation is necessary to
upgrade the economy so that China can raise wages and living standards, as well as improve its
international competitiveness. To this end, the Chinese government plans to increase investment
in R&D from 1.34% of GDP in 2005 to 2.5% in 2020. By 2020, the goal is to reduce China’s
dependence on foreign companies’ intellectual property, and for China to thus become an
“innovation oriented society” and a world leader in science and technology.

The MLP identified a number of areas for strategic research to serve as the focus of investment
and capability development. Among those are eight “frontier” technology fields: biotechnology,
advanced materials,”’ advanced energy technology, laser technology, information technology,
advanced manufacturing, marine technology and aerospace technology. Aligned with these
frontier technology fields, and reflecting Chinese state planning proclivities, 16 mega-projects in
engineering and science will be funded (three of these are classified and thus likely of a military
nature):

e core electronic components, high-end generic chips and basic software;
e extra large-scale integrated circuit manufacturing and techniques;

e new-generation broadband wireless mobile telecommunications;

% Adam Segal, “China’s Innovation Wall: Beijing’s Push for Homegrown Technology,” Foreign Affairs
(28 September 2010). [http://www.foreignaffairs.com/print/66714]. Accessed 15 Oct 2010.

% It has been argued that the inspiration for the MLP was the 12-year science plan (1956-1967) which
helped lay the foundations of modern science in China and contributed to Chinese successes in the nuclear
weapons and space programs. Cong Cao, Richard P. Suttmeier and Denis Fred Simon, “China’s 15-year
science and technology plan,” Physics Today (December 2006), p. 40, available at www.physicstoday.org.
In addition, beginning in the mid-1980s China began to look beyond low-end manufacturing and
industrialization and through such initiatives as Program 863 (“National High-Technology Research and
Development,” initiated in 1986) Program 973 (“National Basic Research,” initiated in 1997) the central
government has invested heavily in both civilian and military research, with a focus on technological
innovations.

% A very succinct yet comprehensive assessment of the MLP is by Cao et al., 38-43.

7 Of particular relevance to the REE industry, the advanced materials frontier technologies identified
included smart materials, high-temperature superconducting technology and energy-efficient materials.

24 DRDC CORA TM 2012-204



e advanced numeric-controlled machinery and basic manufacturing technology;
e large-scale oil and gas exploration;

e large advanced nuclear reactors;

e water pollution control and treatment;

e genetically-modified new organism variety breeding;

e pharmaceutical innovation and development;

e control and treatment of AIDS, hepatitis and other major diseases;

e large aircraft;

e high-definition Earth observation systems; and

e manned aerospace and Moon exploration.®®

By identifying priority projects and mobilizing the resources to work on them, the government
hopes to make significant scientific breakthroughs, advance and expand basic research and
establish China as a global scientific center. These projects will be implemented via universities
and state-run research institutes and industrial enterprises, principally state-owned enterprises
(SOESs). Through progress in these projects and priorities, China seeks to use its large market to
leapfrog to a position of global leadership in some key areas, such as electric vehicles and other
green technologies and applications. It is too soon to say whether this state-directed scientific
research program will achieve the desired breakthroughs, but the seriousness of China’s strategic
intentions are clear.

The priorities and objectives of the MLP closely align with China’s five year plans (FYP) for
economic and social development. These plans set overall objectives and goals that are then
translated into annual targets at the regional, provincial and local levels.

The 10" FYP (2001-2005) called for optimizing and improving the industrial sector by enhancing
traditional industries with new technologies and intensifying construction of transportation,
energy and other infrastructure facilities. The plan also called for the government to hold a
controlling stake in strategic enterprises that concern the national economy and to uphold the
dominance of the public sector of the economy by letting the state-owned sector play the leading
role. One unanticipated consequence of the 10™ FYP was the problem of overcapacity in several
key industries, such as steel and chemicals, resulting in inefficient use of raw materials and
energy resources, and downward pressure on prices and productivity.

The 11™ FYP (2006-2010) attempted to address these challenges through industrial consolidation,
along with the creation of new, high-efficiency facilities that could compete on a global scale.
The plan provided for improving the quality of certain products through acquisition of new
technology and equipment, and consolidating key industries through mergers to create large,

8 Cao et al., Box 2, 43.
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principally state-owned, and more internationally-competitive enterprises. Under the 11™ FYP
China shifted its focus from a primary emphasis on growth (the single-minded pursuit of growth)
to one of broadly-based development at sustainable rates of growth which reflected other
priorities such as resource constraints and environmental concerns. The change in focus appears
to have worked; in 2010, China surpassed Japan in R&D expenditures.

Even with implementation of the 11" FYP, China continues to face the problem of an economy
largely driven by and dependent on exports and foreign direct investment. China’s problems, as
articulated by its own government, are daunting:

...it is important to have a clear sight of the imbalanced, incompatible and non-
sustainable elements within China’s development, which mainly turn out to be a
tightened constraint between economic growth on one hand and resources and
environment on the other, an imbalance between investment and consumption, a
relatively large income disparity, uncompetitive technological innovation ability,
unreasonable industrial structure, vulnerable agricultural basis, a gap between rural and
urban development, a coexistence of total employment pressure and structural
contradiction, a significant increase in social conflicts and a still considerable number of
institutional obstacles that restrain scientific development.®

The 12" FYP (2011-2015), adopted in March 2011, thus focuses on “rebalancing” the economy,
with an emphasis on consumption (i.e., domestic demand) over exports. The plan further
encourages increasing technological capabilities in key sectors. Moving away from traditional
industrial sectors, such as steel, base metals and chemicals, the plan emphasizes “strategic
emerging industries,” such as energy, health care and technology. The government aims to
develop new “backbone” industries, including biotechnology, new energy, high-end equipment
manufacturing, energy conservation and environmental protection, clean-energy vehicles, new
materials and next generation information technology. “National champions” (largely SOEs) are
to take the lead in developing these industries, with the state channelling capital to them.”®

The driving force of the new plan is that China does not want to be left behind the rest of the
world in the shift to developing new technologies, energy efficiency and environmental
protection. Targeted R&D spending is proposed to increase from the current 1.4% of GDP to

% Outline of the Twelfih Five-Year Plan for National Economic and Social Development (2011-2015).
English translation prepared by the Delegation of the EU in China [ http://cbi.typepad.com/
china_direct/2011/05/chinas-twelth-five-new-plan-the-full-english-version.htm].

7 In December 2006, the state-owned Assets Supervision and Administration Commission (SASAC) of the
State Council announced the “Guiding Opinion on Promoting the Adjustment of State-Owned Capital and
the Reorganization of State-Owned Enterprises.” Although this document was never ratified, it highlighted
high-level intentions by designating “strategic industries” where the state planned to maintain a major
presence: defence; electric power and grid; petroleum and petrochemical; telecommunications; coal; civil
aviation; and shipping. Equipment manufacturing, automobiles, information technology, construction, iron
and steel, non-ferrous metals, chemicals and surveying and design were designated as “pillar industries.”
The state would maintain sole ownership or absolute control over the strategic industries and a strong
control position over the pillar industries.
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2.2% in 2015. The 12" FYP also sets guidelines for improving intellectual property rights, while
seeking to foster independent innovation and the commercialization of the targeted sectors.”'

At the heart of the new FYP, China will invest US$600 billion in seven key strategic emerging
sectors. This investment will raise productivity, develop state-of-the-art technology and help
Chinese corporations be successful on a global basis. The seven sectors are:

e energy conservation and environmental protection (energy efficient and energy saving
devices, advanced environmental protection, recycling, reusing waste products);

o next-generation IT (next-generation mobile communications, next-generation internet
equipment, smart devices, integrated circuits and high-end software and servers, cloud
computing and digitization);

e Dbiotechnology (pharmaceuticals, bio-agriculture, bio-medicine and bio-manufacturing);

e new energy (nuclear power, solar power, wind power, photovoltaic power and biomass
energy);

e new energy vehicles (hybrid, pure electric and fuel-cell cars);

e advanced equipment manufacturing (high-speed rail and transport, aerospace and space
industries, marine engineering, and smart assembly); and

e new materials (high-performance composite materials, new function materials, advanced
structural materials).”

The central government has selected these industries, many of which are still nascent in China, as
priorities to help guide the transition of economic growth from basic manufacturing/heavy
industries to increasingly high-tech manufacturing, services and knowledge-based endeavours.
The target by 2015 is for these seven sectors to contribute 8% of GDP, up from 2% at present. As

' Some of the more notable targets to be achieved by 2015 are: GDP to grow by an annual average rate of
7%; more than 45 million jobs created in urban areas; rise in domestic consumption; breakthroughs in
emerging strategic industries; service sector value-added output to account for 47% of GDP (up 4
percentage points); R&D expenditure to account for 2.2% of GDP; 3.3 patents for every 10,000 people;
non-fossil fuel to account for 11.4% of primary energy consumption; water consumption per unit of value-
added industrial output to be cut by 30%; energy consumption per unit of GDP to be cut by 16%; and
carbon dioxide emission per unit of GDP to be cut by 17%. “Key targets of China’s 12" five-year plan,”
Xinhua (5 March 2011). [http:/news.xinhuanet.com/english2010/china/2011-03/05/c_13762230.htm].
Accessed 7 March 2011.

72 “Chapter 10: Foster and Develop Strategic Emerging Sectors,” 12" FYP. As described in the FYP, the
aim is to: “Give play to the leading and supporting role of special major technology projects of the state,
make unified planning of technological development, engineering, standard formulation and application
demonstration based on advantaged enterprises, industry clustering zones and major products, support
commercial pattern innovation and market development, implement some major industry innovation and
development projects, and foster a number of backbone enterprises and demonstration bases of new
strategic industries for the purpose of mastering core industry technologies and accelerating large-scale
industry development.” Ibid, Chapter 10, Section 2 “Implementing Industry Innovation and Development
Projects.”
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before, it will be mostly state-owned or —controlled enterprises that will be the “national
champions” in these industries. While the FYP is predominantly “top-down” in its approach, it
does also acknowledge the government’s role in fostering “bottom-up” development through
increased government start-up investment in emerging industries, encouraging the financing
function of capital markets, making comprehensive use of financial preferential policies, such as
risk compensation, and encouraging financial institutions to strengthen credit support.”

While the thrust of the 12" FYP is to “rebalance” the economy by encouraging and supporting
domestic demand, the FYP also calls on leveraging China’s current foreign trade advantages:

While maintaining the current advantage in export markets we will also speed up the
nurturing of new advantages based on technology, branding, quality and service. We will
improve the quality and class of labour-intensive export products, expand the export of
electronic machinery and high-tech products, strictly limit the export of products that
require wasteful use of energy and resources, and lead to high levels of pollution. We will
optimize policy measures to promote the transition from processing trade to R&D,
design, manufacturing of the key components and logistics etc, to extend the value-added
chain in China. ... We will optimize the structure of imports, actively expand imports of
advanced technology, key components, domestically rare resources and energy-
conservation and environmental protective products ... We will make full use of the
attractingess and influence of China’s huge market and promote the diversity of import
sources.

With regard to the strategic advanced materials sector, the Ministry of Industry and Information
Technology (MIIT) has reportedly completed a FYP for the period 2011-2015. The plan
prioritizes, for both civil and military uses, six types of advanced materials: high-strength light
alloys; advanced iron and steel; carbon fibre composites; new power battery materials; functional
membranous materials; and rare earth functional materials. The advanced materials sector is
expected to continue to expand by more than 20% annually over the next five years (the value of
the sector in 2010 was calculated at roughly RMB130 billion, or US$20.3 billion).”

3.2 State Planning and China’s Rare Earth Industry

China’s strategic level interest in rare earths has been apparent for at least two decades. In 1990,
the government declared rare earths to be a protected and strategic mineral. As a consequence,
foreign investors were prohibited from mining rare earths and restricted from participating in
rare-earth smelting and separation projects except in joint ventures with Chinese firms.”® In
addition, in 1992 Deng Xiaoping was quoted as declaring that “There is oil in the Middle East;
there is rare earth in China,” while in 1999, President Jiang Zemin is reported to have written an
inscription at Baotou which translates as “Improve the development and application of rare earth,

7 Ibid, Chapter 10, Section 3 “Strengthening Policy Support and Guidance.

™ Ibid, “Chapter 51: Optimize Foreign Trade Structure.”

7> “China to unveil 12" Five-Year Plan for advanced materials industry soon: minister.” Xinhua (6
September 2011). [http://news.xinhuanet.com/english2010/china/2011-09/06/c_131101996.htm]. Accessed
15 November 2011.

7 Tse, 5.
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and change the resource advantage into economic superiority.””’ These quotes from successive
Chinese paramount leaders indicate the seriousness with which China has pursued rare earths
development.

China dominates the global REE market. This domination is a consequence of China’s large,
high-quality REE reserves coupled with policies of “minimal capital investment, low labour
costs, and lack of environmental regulation.””® The impact of China’s entry into the REE market
can be seen in the significant drop in REE prices between 1997 and 2008. In 2010, the US
Government Accounting Office (GAO) published a report on global REE production, and noted
that China produced 97% of the world’s supply of rare earth ores and oxides; 89% of rare earth
alloys; 75% of the world’s NdFeB magnets; and 60% of the world’s SmCo magnets.”’ In 2007,
China had 130 producers of neodymium-based permanent magnets and a total annual magnet
production capacity of over 70,000 tonnes — a 30-fold increase in the space of a decade.™

DISTRIBUTION AND CHARACTER

OF CHINA’S RARE EARTH DEPOSITS
- = j

S

BAOTOU
Baiyun Obo Mine
(Bastnaetites)

:- . "J‘a{“": ., .

ay

| ,"J i it

X e
SHANDONG

Weishan Lake Mine
( (Bastnaetites)

I Z)
| JANGXI [Laterites)

‘L.~ | andGUANGDONG
£ ) (lonic clays)
«¥ 3%

Figure 6 — Distribution and Character of Rare Earth Deposits in China®’

Provinces

=58
SICHUAN
MaoNiuPing Mine
(Bastnaetites)
3%

8%
'J :'- o
,fj j n =

77 «Rare Earth: An Introduction,” Baotou National Rare Earth Hi-Tech Industrial Development Zone.
[http://www.rev.cn/en/int.htm]. Accessed 8 November 2011.

® Long et.al., 17.

” Grasso, 7.

% Humphries, 9.

81 Author graphic. Chen Zhanheng, Office of the Chinese Society of Rare Earths, “Outline on the
development and Policies of China Rare Earth industry” (April 2010), 2. [http://www.reitausa.org/storage/
Outlineonthedevand PoliciesofChinaRareEarthIndustry.pdf]. See also Stephen B. Castor and James B,
Hedrick, “Rare Earth Elements”, fieldexploration.com. [http://www.fieldexexploration.com/images/
property/1 RareEarths FLX 02.pdf]. Accessed 22 November 2011.
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China’s rare earth production is essentially divided into three regions. In the north, the rare earth
industry is centred on the Baotou region of Inner Mongolia which possesses the majority of the
country’s proven reserves (the Bayan Obo mine) and production capacity (55-80,000 tonnes of
REO per year), especially in higher concentrations of light rare earths. In addition, mines in
Sichuan and Gansu, located in western China (with an estimated capacity of 10,000 tonnes of
REO per year), also possess higher concentrations of light rare earths. In the south, the provinces
of Jiangxi, Fujian, Guangdong and Hunan, together with the Guangxi Autonomous Region — the
‘ionic clays region’ — have an estimated capacity of 45-60,000 tonnes of REO per year, boasting a
higher concentration of the more valuable HREE. It is important to note that most of these rare
earth production locales are in less-developed and poorer provinces or regions. Local
governments have therefore had a vested interest in encouraging rare earth mining, regardless of
the environmental costs, in order to generate revenues and jobs in their localities.

Over time, changes in state priorities have critically impacted the organization (or lack thereof) of
the rare earths industry, with consequences both for domestic sustainability and the supply of
REE to foreign consumers. The overexploitation and environmental deterioration associated with
this resource pose a serious challenge to China’s sustainable development. Consequently, over the
past decade, Chinese government and industry officials have become increasingly concerned with
a series of inter-related problems affecting the rare earths industry: serious environmental and
human health impacts from mining and processing activities; unsustainable production levels;
illegal mining and smuggling; and coping with rapidly growing domestic and global demand.

During what could be termed as the “growth at any cost” phase of Chinese economic
development (from the mid-1980s through the 1990s), the central government sought to acquire
foreign currency through REE exports. In 1985, China began to implement an export tax rebate
policy for rare earth products to encourage exports and to help convince investors to develop
China’s nascent high-technology industry.® As a result, large numbers of inefficient and wasteful
facilities were set up to extract rare earths using primitive and highly polluting technologies. Until
2008, there were more than 150 REE enterprises licensed for export every year. The cut-throat
domestic competition among Chinese enterprises lowered the price of REE, resulting in
overproduction and diminishing profits. Meanwhile, the twin problems of smuggling and illegal
mining became serious concerns.

Excessive REE production has caused grievous environmental problems in China. This is due to
the fact that REE are difficult to extract and separate, resulting in complex processes entailing
high production. The mining and processing of REE requires large quantities of water and caustic
or toxic chemicals, and can easily create significant health and environmental hazards if not
carefully managed. According to the Chinese Society of Rare Earths:

%2 In 1992, the State Council approved the establishment of the Baotou National Rare Earth Hi-Tech
Industrial Development Zone. The zone was set up to improve the research, development and production of
rare earths, as well as to attract foreign investments. In addition, Chinese REE research is concentrated in
four state-run facilities: Rare Earth Materials Chemistry and Applications (affiliated with Peking
University, and focussed on REE separation techniques); Rare Earth Resource Utilization (associated with
the Changchun Institute of Applied Chemistry); the Baotou Research Institute of Rare Earths (established
in 1963, and the largest rare earths research establishment in the world); and the General Research Institute
for Non-Ferrous Metals (established in 1952). No other state has made this kind of investment in rare earth
research, development and exploitation. Humphries, 9.
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Every ton of rare earth produced generates approximately 8.5 kilograms (18.7 Ibs) of
fluorine and 13 kilograms (28.7 Ibs) of dust; and using concentrated sulphuric acid high
temperature calcination techniques to produce approximately one ton of calcined rare
earth ore generates 9,600 to 12,000 cubic meters (339,021 and 423,776 cubic feet) of
waste gas containing dust concentrate, hydrofluoric acid, sulfur dioxide, and sulphuric
acid, approximately 75 cubic meters (2,649 cubic feet) of acidic wastewater, and about
one ton of radioactive waste residue (containing water).*

Moreover, the enterprises at Baotou combined produce approximately 10 million tonnes of all
varieties of wastewater every year (including slurry tailings), most of which is discharged without
being effectively treated, and thus endangering local water supplies (and, indeed, the Yellow
River system and the 150 million people living downstream from Baotou).* In southern China,
the pond immersion process strips ground vegetation and top soil, and produces 2,000 cubic
meters of tailings for every ton of rare earths. These kinds of industrial practices have created
serious environmental problems — polluted rivers, contaminated ground water, destroyed
farmland, and a variety of health concerns for those working in REE production or living near the
production facilities. The drive to reduce production costs and maximize profits led both
producers and governments, at both the local and central levels, to give short shrift to
environmental standards and enforcement, and these have, as a consequence, failed to keep up
with the growth of China’s industrial sectors — a problem that is by no means restricted to the
REE sector. Protests by farmers, workers and villagers have been lodged against rare earth mines
at the local level and, as public discontent over environmental issues throughout China continues
to increase, the central government has begun to grow more concerned about the potentially
destabilizing effects of polluting industries, including the rare earths industry.

Historically, management of China’s rare earth industry has been notoriously lax, particularly in
its southern, HREE-producing regions. It has been estimated that perhaps half of the mines
engaged in HREE extraction in southern China have been operating without licences. In
Guangdong, some estimates put actual REE production at 10 times established quotas, resulting
in a black market in rare earths that is largely facilitated by criminal networks with connections to
local officials. Such illegal production — which is even less concerned with environmental, human
health or minimum wage considerations — contributed greatly to the lower prices for REO by
increasing supply at minimal cost, in turn threatening the economic viability of China’s legitimate
operations. Illegal mining and processing operations helped to spawn and led to the rapid
expansion of widespread smuggling, keeping prices low, but also depleting China’s reserves more
quickly. In 2008, it was estimated that 20,000 tonnes or nearly one third of China’s total REO
exports, left the country illegally. In order to evade export taxes and quotas, many smuggling
operations mix REO with steel composites as a means of avoiding detection. Japan is the
principal market for Chinese REO, consuming more than 50% of Chinese REO and rare earth
metal exports, and Chinese officials believe that Japan has benefited from smuggling. Even
Japanese industry experts estimate that as much as 10,000 tonnes, or 20% of Japan’s per annum

¥ As quoted in Hurst, 16.

# At the village of Dalahai on the outskirts of Baotou, there is reportedly a ‘tailing’ lake which is more than
11 km long and 8 km wide. Simon Parry and Ed Douglas, “In China, the true cost of Britain’s clean, green
wind power experiment: Pollution on a disastrous scale,” Daily Mail Online (29 January 2011).
[http://www.dailymail.co.uk/ home/moslive/article-1350811/In-China-true-cost-Britains-cl...].,Accessed

18 October 2011.
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REE imports, originated on China’s black market.* It is worth noting that without this illegal
trade in rare earths, Japan would already be in a severe supply crisis.*

Overexploitation has made REE production unsustainable and China may not be able to meet
even domestic demand in the future. China’s proportion of global REE reserves declined from
around 75% in 1970 to around 35% in 2009 (Figure 9). If current rates of exploitation continue,
China’s rare earth reserve could be depleted within 15-20 years. This lends credence to Beijing’s
explanation of recent supply constrictions as an attempt to preserve China’s dwindling reserves.
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Figure 9 — China’s Rare Earth Reserves as Percentage of World Total®

It is important to note that estimates depend to a great extent on how one defines the word
“reserves” vice “resources.” In the US, the legal definition of “reserves” is understood to be
constrained not only by resource estimates and availability or by current extraction technology,
but also by regulatory and policy constraints; thus, Administration officials routinely state that
America has about 20 billion barrels of oil, “only two percent of the world’s oil reserves”, when
according to technological site assessments, America possesses approximately 1.4 trillion barrels
of oil as a resource extractable with current technology.®

%, “The Coming Rare Earth Metals Crunch”, The Japan Investor (21 September 2009), 7.
[http://www.japaninvestor.com/pdf/news/09.21.09TJ1.pdf]. Accessed 19 November 2011.

% Needless to say, the Japanese government has denied that there have been illegal imports or that it had
stockpiled rare earths. However, during the Senkaku/Diaoyu crisis in October 2010, and China’s de facto
embargo of Japan, Yoshikatsu Nakayama, Vice-Minister of the Economy, Trade and Industry, warned that
without Chinese imports, Japanese rare earth supplies could be exhausted by March-April 2011, implying
at the very least that Japan had a four-month reserve of rare earths. “Japan’s rare earth minerals may run out
by March: govt,” AFP (21 October 2010). [http://www.google.come/hostednews/afp/article/
ALeqM5ShEjWKypNHCYhZkvGl-bGm8JKuhnA?docld=
CNG.11954f53a361al13ab8bbeec0a689bbb3.341]. Accessed 19 November 2011.

8 Chen, 2, et al.

8 [http://www.instituteforenergyresearch.org/2012/03/13/exposing-the-2-percent-oil-reserves-myth/].
Accessed 29 March 2012. This legal vice practical definition in part explains why US has 20 billion barrels
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The pressure on those reserves has been exacerbated by a dramatic increase in domestic demand.
From 1978 to 2007, China’s annual domestic consumption of REE increased from 1,000 tonnes
to 72,600 tonnes, an average per annum growth of 14.5%. The growth in domestic demand is
largely due to China’s increasing production of wind turbines, consumer electronics and other
manufactured goods in sectors increasingly dependent on REE. At present, China’s domestic
REE consumption can be broken down as follows: manufacture of rare-earth magnets (chiefly
NdFeB), 30%; metallurgy, 15%; chemical catalysis and petroleum fluid cracking, 10%; ceramics
and glass, 10%; agriculture and textiles, 10%; hydrogen storage, 9%; and other uses, 16%. The
most rapid growth has been in demand from “new materials” that include magnets, phosphors,
catalysts and batteries, which now account for over 60% of the country’s demand.

This demand is being driven by heavy investments, by both the advanced industrial states and
Beijing, in clean energy technologies. In 2009, China was the world’s largest investor in clean
energy technology, with total state inputs valued at over $34 billion. The country has doubled its
installed wind power capacity every year since 2006 and is now the world’s largest producer of
wind turbines. By 2020, China is expected to boost its wind power capacity to 100 GW or more,
up from 12 GW in 2008. It also hopes to develop its automobile industry and become a world
leader in electric vehicles. In 2008, China accounted for 60% of global rare earth demand (74,000
tonnes of REO). China’s domestic demand for REO could reach 130,000 tonnes by 2015 and
almost 200,000 tonnes by 2020, far exceeding current production quotas, and indeed global REO
production.®

China’s domestic demand for REE has grown dramatically in line with and as a consequence of
changed state priorities, as reflected in the MLP and successive FYPs. China’s interest in
becoming a global leader in the clean energy supply chain has been clear for the better part of a
decade, as has its intention to transform industrial production through the manufacture of higher
value-added, high technology products across a wide number of strategic sectors.”

of “reserves” to day, the same as in 1944 — despite having produced 167 billion barrels over the past 66
years.

% In 1987, emerging market sectors accounted for 1% of China’s REE consumption; today, those sectors
account for over 50% of China’s REE consumption. Tse, 5.

% With regard to REO, an article in Liaowang, which included an interview with Xu Guangxian, the so-
called “father of China’s rare earths,” made two interesting observations. First, when China exported
neodymium oxide to Japan, the price was roughly RMB200,000 per ton, but when Japan purified it into
metallic neodymium and sold it back to China, the price was roughly RMB200,000 per kilo. Second,
scandium oxide, produced in Hunan, is mainly sold to the US for the production of fuel cells. However,
these fuel cells cannot be sold to China because they are on the US list of high-technology products that are
restricted from export to China. The Chinese frustration with the status quo is therefore evident as is the
desire to redress past wrongs and change the terms of trade in high-technology products. Li Shaofei, Xie
Enming and Hou Na, “An Exclusive Interview with Academician Xu Guangxian, China’s ‘Fate of Rare
Earths’ — Resolving China’s Rare Earth Applied R&D Stalemate,” Liaowang No. 30 (25-31 July 2011), 26-
28, OSC CPP20110803787015.
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Table 3 — China’s REE Quotas vs. Rest-of-World Demand®’

Export A from External External
Quotas . demand supply
previous year

(tonnes) (tonnes) (tonnes)
2005 65,609 - 46,000 3,850
2006 61,821 -6% 50,000 3,850
2007 59,643 -4% 50,000 3,730
2008 56,939 -5% 50,000 3,730
2009 50,145 -12% 25,000 3,730
2010 30,258 -40% 48,000 5,700-7,700

In 2009, a draft plan was circulated, entitled the “Rare Earths Industry Development Plan, 2009-
2015.” Although the plan was not adopted in its entirety, due in part to protests from foreign
companies and governments, portions of it have been implemented over time. China’s policy
actions not only aim to clean up the industry and ensure domestic supplies to meet growing
domestic demand, but play into a larger goal of generating economic growth, creating jobs at
home and boosting China’s industrial competitiveness.

The rare earth industry is now a cornerstone in a wider restructuring of the Chinese economy bent
on increasing domestic wealth and consumption. A key to generating domestic consumption, as
articulated in the 12" FYP, is to increase domestic wealth, and one important element in creating
wealth is capturing value-added steps in the production ladder. With regard to the rare earth
industry, curbing the export of REO promotes the development of high value-added levels of rare
earth-related production in China. Global REO production is worth an estimated $1.3 billion, but
the industries that rely on these elements are reportedly worth over $4.8 trillion, and thus
downstream industries hold the majority of the jobs and wealth. Rather than simply being content
with selling oxides and refined rare earth metals, restricting exports of these products supports the
development of local manufactures of rare earth applications and industries further downstream
(e.g., electric cars and wind turbines). The further up the value chain, the greater the increase in
the potential number of skilled, well-paying jobs. In addition, mastering value-added production
of rare earth-related technologies also requires foreign expertise and technology. Restricting REO
export quotas is thus also aimed at encouraging foreign manufacturers of rare earth-dependent
technologies to move to China, bringing with them highly specialized knowledge and innovation
that could give Chinese companies an advantage over the purely foreign competition.

In short, China is deliberately trying to shift its REE production and domestic consumption away
from traditional, high-volume, low-sophistication, mainly LREE, mature markets (chemical
products for glassmaking and catalysts) towards emerging, low-volume, high-tech, mainly HREE,
developing markets (phosphors and magnets).”” This is working in the consumption field. The

I Source: Adapted from US DOE, Critical Materials Strategy, 33.

%2 The magnet industry is an example of how China’s resource advantage has helped the country acquire
downstream industries from abroad. As mining operations in the US closed down, much of the industry-
related research, innovation and immediate downstream production disappeared along with it. Today,
China is increasingly the dominant rare earth magnet producer, accounting for 75% of global production.
Japan now accounts for nearly all of the remaining production outside of China. The industry is now worth
some $7 billion and is expected to double in the next 10 years.
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highest demand sectors in 2008 were: China for metal alloys and magnet production (an emerging
HREE sector); Japan and Northeast Asia for polishing (a traditional, LREE sector); and America
for catalysts (a traditional LREE sector).”

3.3 Chinese REE Industrial Control Measures

China has been engaged in a decade-long effort to establish firm control over the REE industry.
This has been due largely to the need to address the problems of the domestic industry, including
illegal extraction, excess production (i.e., smelting and separating capacity), environmental
degradation, inefficient use of resources and inadequately regulated exports. The repeated
announcement of new regulations, production quotas and crackdowns on illegal producers and
exporters point to the limits of China’s success in this regard over the past decade. Nevertheless,
unless the government can solve or at least contain the industry’s problems, China will run out of
rare earths within a generation or two, and it will not be able to achieve its wider goals of
achieving global leadership in the various high-technology ‘frontier’ sectors or moving up the
value-added chain in high-technology S&T development and manufacturing processes.

In May 2011, the State Council issued what is the clearest statement yet of the government’s
priorities and goals for the industry and the specific measures that should (and will) be adopted
and implemented to reform the industry. These include: establishing a sound regulatory system;
improving management of the industry; integrating and consolidating the industry’s structure;
increasing rare earth reserves; expediting R&D and industrialization of key technologies using
rare earths; and strengthening intra-governmental coordination and division of labour.”* If the
government is able to follow through on these measures in a concerted and sustained fashion, the
days of low-technology, low-priced Chinese rare earth exports are over.

3.31 Production Quotas and Industry Consolidation

In order to facilitate sustainable development, in 2001 China introduced the first production quota
for rare earths. Since 2005, MIIT has set nation-wide REO production quotas, while in May 2011
the Ministry of Land and Resources announced that no new separation projects would be
approved over the next five years and no new licenses for prospecting and mining would be
issued. The 2011 production cap was set at 93,800 tonnes with an export quota of 30,184 tonnes
(a slight decrease over the 2010 quote of 30,258 tons). Planned production in 2010 was 89,200
tonnes, but actual production was probably 30% higher at around 120,000 tonnes, thus
reinforcing the impression that the industry has lacked appropriate oversight.

In June 2010, the government began a five-month, intensified crackdown on illegal mining and
smuggling. The first major arrests of this crackdown were made in mid-July involving seven
individuals reportedly trying to smuggle more than 4,000 tonnes of rare earth metals and
compounds, worth over US$16 million. The crackdown was followed by the establishment of a
long-term supervisory system for the industry. To complement this crackdown, authorities
announced that they would support REO prices in the south by establishing a unitary pricing

> Hocquard, 40
% State Council, State Council Opinions on Promoting Rare Earth Industry’s Sustain and Healthy
Development, State Council Document No. 12 (10 May 2011). OSC CPP20110926308002.

36 DRDC CORA TM 2012-204



system in Jiangxi, Fujian, Guangdong, Hunan and Guangxi (the previous introduction of unitary
pricing in Inner Mongolia was cited as a major contributor to reducing the instances of illegal
mining there).

In November 2010, the government strengthened export rules to allow only producers that meet
environmental protection laws and ISO 9000 quality certification (i.e., international and domestic
environmental protection and pollution standards) to export rare earths. Those firms unable to
demonstrate certification would have their export licenses cancelled, including those breaking
quota rules.” In August 2011, much of the REE processing industry was shut down, including
SOEzs, to allow for installation of mandatory pollution control equipment. This was completed on
1 October. In addition, in November 2011 the government announced a further toughening
against illegal production. Specialized invoices have been introduced for designated rare earth
producers (based upon their production and export quotas). These invoices will leave out most of
the smaller producers and traders, which could trigger panic selling by such companies on the
domestic market. While this may lead to a short-term price drop, the ultimate objective is to drive
speculators and illegal mines out of the market.”

In the longer run, the goal is to consolidate the industry nationwide by establishing three distinct
zones of production — north, west and south — and vastly reducing the number of enterprise
involved in order to make it easier to manage the industry. As a preliminary step, in October
2010, the Ministry of Land and Resources established 11 state-managed rare earth mining zones
in Ganzhou prefecture of Jiangxi province (a combined area of 2,500 km? with rare earth reserves
of roughly 760,000 tonnes).”” Beijing is inducing large state-owned mining corporations to
absorb smaller mines,”® and by establishing a state-level REE storage system to further enhance
control over what Beijing perceives as a strategic resource.”

By 2015, the 120 legal mining companies may merge, leaving fewer than 10, while the 90
processing firms may be reduced to around 20. The first round of consolidations have been
announced. In June 2011, Baotou Steel Rare-Earth (Group) Hi-Tech Co. Ltd., the largest rare
earth production and processing enterprise in the world, became the only licensed firm running
upstream operations in Inner Mongolia (i.e., mining, separation, smelting and trading). The 35
other upstream companies in Hohhot, Baotou and Bayan Nur were either restructured and merged
into Baotou Steel or were closed.'” In order to encourage local governments to support industry
consolidation, on 1 November 2011 the resource tax was extended throughout the country to

% “China issues tougher rare earth export rules,” France24 (12 November 2010). [http://www.france24.
com/en/print/5113693?print=now]. Accessed 12 November 2010.

% Zhou Yan and Zhang Qi, “New invoice system to further regulate rare earths industry,” China Daily (1
November 2011). [http://chinadaily.com.cn/cndy/2011-11/01/content_14011934.htm]. Accessed 1
November 2011.

%7 “China to streamline rare earth industry within five years,” Xinhua (16 February 2011). [http://english.
Gov.cn/2011-02/16/content_1804598.htm]. Accessed 3 November 2011.

% In the end, there will be some 20 companies — producers and traders. This will help control the export of
primary production such as rare earth salts, and encourage the export of value-added new material products.
*In 2010 Baotou Steel Rare-Earth (Group) Hi-Tech Co., Ltd., was authorized to stockpile up to 30,000
tonnes of rare-earth concentrates in Baotou. This will help enable the company to increase the recovery of
rare earths to 50% from 25% in the separation process.

19 «Baotou Steel Rare Earth replaces rival processors in Inner Mongolia,” Global Times (7 June 2011).
[http://business.globaltimes.en/industries/2011-06/662758.htm.]. Accessed 7 September 2011.
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boost provincial revenues. This will be a 5-10% sales tax on oil and natural gas sales, as well as
rare earth ores (salts and metals). The previous tax regime was based on production volume rather
than sales, so this measure enables local governments where production occurs, to benefit from
surges in energy and commodity prices.'”!
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Figure 10 — China’s REO Production, Consumption, and Total Export Quotas, 2003-2010""

Plans were also announced to establish a strategic stockpile of rare earths in Inner Mongolia (that
could store 200,000 tonnes of REO). On 11 September 2011, Baotou Steel Rare Earth announced
that it planned to buy praseodymium-neodymium oxide (PrNd) at up to RMB 900,000 ($140,915)
per tonne, above market levels, in an effort to help stem a decline in rare earth prices. In a
statement, Baotou said the purchase aimed at preserving resources and stabilizing a market
buffeted by speculative purchases and sales (the week before the announcement, the price of
PrNd was RMB 830,000-880,000 per tonne). Baotou did specify that it would on/y buy from
producers that have legitimate production quotas. Baotou is projected to use 9% of its REO
production quota of 55,000 tonnes to build up a stockpile.'”

1%1 «“China expands resource tax across the country,” BBC News (10 October 2011). [http://www.bbc.co.uk/
news/business-15252134?print=true]. Accessed 11 October 2011.

192 Tge, Table 1, 4; and Gareth Hatch, “Chinese Rare-Earth Export Quotas for H2-2011”, Tech Metals
Research (14 July 2011). [http://www.techmetalsresearch.com/2011/07/chinese-rare-earth-export-quotas-
for-h2-2011/]. Accessed 7 November 2011.

193 «China’s Baotou to buy up rare earth oxide to support prices,” Reuters (20 September 2011).
[http://www.reuters.com/assets/print?aid+USL3E7KKO0B820110920]. Accessed 7 November 2011.
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3.3.2 Export Taxes and Quotas

In May 2005, the export tax rebates for rare earth metals, REO and rare earth salts were
abolished. Beginning in 2006, the Ministry of Commerce introduced a 10% tax on rare earth
exports, which increased to 15% on selected rare earths in 2007.'* In January 2008, export taxes
for europium, terbium, dysprosium, thulium and yttrium — as oxides, carbonates or chlorides —
were raised to 25% and ferro-rare earth alloys to 20%. By 2010, the export tariffs on 23 rare earth
categories ranged from 15% on LREE to 25% on HREE. China is not banning the export of
dysprosium and terbium (two rare, expensive and key components in high grade rare earth
magnets), but is limiting export volumes. '

China taxes mineral production, but since the 1990s it refunded the value-added tax (VAT) that
value-added producers paid on exported products. The purpose of doing so was to discourage the
export of rare earth oxides and encourage the production and export of higher-value finished
products. As domestic consumption rose in the first years of the new century, Beijing reduced the
export rate on many commodities. Beginning in 2007, rebates on the 16% VAT were withdrawn
on exports of unimproved rare earths, while the refund on higher value-added exports, such as
magnets and phosphors remains in place. The effect of this decision, combined with the variable
export taxes, means that non-Chinese rare earth processors now pay at least 31% more for their
raw materials than Chinese processors.'*

The policy that has caused by far the most tension internationally is the implementation of export
quotas that have limited the access of companies abroad to Chinese-produced REO. Beginning in
2005, the Ministry of Commerce (MOC) has imposed ever-stricter quotas on REO exports. In
September 2009, it announced what was the sharpest decrease to date — reducing the quota by
12% from levels a year earlier. At the same time, MIIT floated a proposal to ban unprocessed
heavy REO exports by 2015. The proposal was quickly withdrawn due to the international outcry,
but the quotas remained. In early July 2010, the MOC announced that quotas for the second half
of the year would be slashed by 72% in relation to the same period in 2009 — and 40% year-on-
year. This dramatic reduction came as a shock to many industry experts, who had expected at
most only a quarter of the announced reduction.

China is and will continue to tighten its export quotas. The quota decreased by 40% between 2009
and 2010, from 50,145 tonnes to 30,259 tonnes, and for the first half of 2011, the quota was
14,446 tonnes, 35% less than the same period in 2010. Most importantly, in July 2010 China
reduced the export quota by 72% for the second half of 2010. This development sounded alarms
in Japan and other advanced economies dependent on Chinese supplies. This alarm became real
with the virtual embargo on rare earth exports in September-October 2010 in the aftermath of a
fishing boat incident between Japan and China.

China has also reduced the number of export licenses for REE. In 2006, 47 domestic and 12 Sino-
foreign producers and traders were allowed to export REO. This has fallen every year since then.

104 Tse, 6.

"% Tbid, 9.

1% Jane Korinek and Jeonghoi Kim, “Export Restrictions on Strategic Raw Materials and Their Impact on
Trade,” OECD Trade Policy Working Papers No. 95 (Paris: OECD, March 2010), 21.
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Table 4 — Entities Authorized to Export REO'"”

2006 2009 2010 2011

Domestic REO producers/traders 47 23 22 22
Sino-Foreign REO producers/traders 12 11 10 9
Total Exporting Entities 59 34 32 31

The purpose of restricting exports through quotas is ultimately to ensure that domestic demand is
met, to preserve China’s resource advantage, and to promote more profitable higher-end
production. An highly desirous corollary of this, and one which Chinese leaders have made no
secret of, is to lure foreign REE end user companies to China. Increasingly, foreign companies
wishing to access Chinese rare earths must establish joint ventures and move their production and
technological know-how to China in order to do so. Indeed, the publicly-stated goal of the
Chinese government is to limit exports of semi-finished goods while encouraging and indeed
subsidizing the sale of finished rare earth products. All of this facilitates high technology transfers
in line with China’s broader industrial policies and priorities, including indigenous innovation and
the growth of state-owned “national champions” in key advanced technology sectors.

Although China prohibits foreign investment in rare earth mining and processing, it allows
foreign joint ventures, cooperation and investment in projects related to intensive processing
(referred to in China as “deep processing”), new materials and new applications of rare earths.
Such cooperative ventures are already happening. In August 2010, People’s Daily reported that
22 enterprises, including six foreign-funded enterprises, had signed agreements with Baotou
National Rare Earth Hi-Tech Industrial Development Zone to invest in rare earth ‘“deep
processing,” including a joint consortium of Pohang Iron and Steel Company and the Korea
Resources Corporation, which bought a 60% stake in Baotou Yongxin Rare Earth Trade Co.,
which processes microcrystalline NdFeB alloy and Y-Mg alloy in Baotou.'” In addition, the
Japanese firms Showa Denko and Santoku, and Intematix, a Fremont, California-based
manufacturer of light-emitting diodes, have all built new manufacturing plants in China in order
to benefit from lower production costs.'"’

3.3.3 Overseas Technology and Resource Acquisition

China’s rare earth ambitions have extended well beyond its borders. Although the long-term
objective is for indigenous innovation and expansion of the REE industry, there is recognition
that foreign technologies remain critical to enabling the industry to move up the value-added
production chain. As indicated in the previous section, China’s export quotas and rebates on
value-added production are designed, in part, to lure foreign companies to set up production in
China and thus bring their advanced technologies with them. China has also been much more

107 Tge, 6.

198 «“Foreigners invest in rare earth deep processing in China,” People’s Daily in English (9 August 2010),
OSC CPP20100810787002, accessed 7 Nov 11.

1% Michael Montgomery, “Rare Earth Market Trends”, Rare Earth Investing News (29 August 2011).
[http://rareearthinvestingnews.com/4759/rare-earth-market-trends/]. Accessed 4 November 2011.
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direct in seeking out and attempting to acquire the technologies and resources it needs or wishes
to control.

Earlier this year, it was reported that the US Defense Security Service assesses that China is
attempting to obtain information and technologies listed by the US Government on the
Developing Sciences and Technology List (DSTL). Not surprisingly, given its declared science
and technology and industrial priorities, China’s collection priorities are assessed as including
“guidance and control systems, advanced energy technologies, nanotechnology, space and
counterspace systems, nuclear forces, innovative materials, aeronautics and astronautic
mechanisms, computer-aided manufacturing and design, and information technologies.”''"” REE
figure large in all of these developmental technologies.

In an era in which US politics is replete with complaints about globalization and the off-shoring
of US jobs to Asia, and particularly China, one company — Magnequench — is periodically
referenced as a symbol of Chinese rapaciousness and US ineptness. In 1986, General Motors
developed a division called Magnequench to manufacture NdFeB magnets for its vehicles. In
1995, Beijing San Huan New Materials High-Tech Inc. and the China National Non-Ferrous
Import & Export Corporation teamed up with a US firm, the Sextant Group, to purchase
Magnequench. The US government approved the transaction on the grounds that Magnequench
would remain in the US for five years. When five years was up, Magnequench relocated to China,
and took a number of cutting-edge technologies with it.""

China has also sought to acquire overseas assets connected to the rare earth industry. In 2005,
CNOOC made an unsuccessful bid to acquire the US-based Unocal, which owned Mountain Pass
(having previously acquired the mine’s operator, Molycorp). Negative congressional reactions
over the possible threat to US energy security led CNOOC to withdraw its bid. Unocal was
ultimately purchased by the Chevron Corporation. Chinese companies subsequently made two
attempts to acquire Mountain Pass from Chevron, but were unsuccessful.'"

In 2009, Chinese enterprises attempted to purchase several other foreign companies with ties to
the rare earth industry. The state-owned China Nonferrous Metal Mining Company made a bid
for a 51% stake in Australia’s Lynas Corporation, which owns Australia’s most developed rare
earth mine at Mount Weld. The Chinese company backed out of the bid in September 2009 after
the Australian Foreign Investment Review Board said that the company would have to lower its
bid to less than a majority stake and limit its representation on the board to less than half. In April
2009, the FIRB did, however, accept another bid by Jiangsu Eastern China Non-Ferrous Mining
Investment Holding Company for a 25% stake in Australia’s Arafura Resources Ltd., which owns
and operates Nolan’s Bore.'” In addition, in July of that year China Investment Corporation
secured a 17% share in Teck Resources, Canada’s largest mining and processing company with

"9 Department of Defense, Military and Security Developments Involving the People’s Republic of China
2011, (Washington, DC: Office of the Secretary of Defense, 2011), 44.

" For an interesting discussion of the globalization angle, see Charles W. Freeman III, “Remember the
Magnequench: An Object Lesson in Globalization,” The Washington Quarterly 32:1 (January 2009), 61-76.
12 Hurst, 13.

53 Ibid, 14;
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interests in 15 mines in the Americas, including rare earth deposits in Colorado, and exploration
activities on four continents.'"*

Chinese efforts to invest in rare earth mining operations overseas should be expected to continue.
As Chinese demand grows, developing mines overseas becomes an ever more profitable business
for Chinese companies. These companies also have a distinct advantage over much of the world
in that they can offer unrivalled expertise in the rare earth industry and the downstream capacities
to refine rare earth metals and manufacture rare earth products. For smaller economies, such as
Australia, Canada or South Africa, joint ventures with Chinese companies to develop mines
represent less risk than most other options because of China’s ability to guarantee a market for
REE.

14 «China Investment Corporation Announces Investment in Teck Resources Limited,” News Release,
China Investment Corporation (3 July 2009). [http://www.china-inv.cn/cicen/resources/resources
news08.html]. Accessed 17 November 2011.
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4  Strategic Implications of China’s de facto Monopoly

The previous chapter should make clear that China’s near-total monopoly on REE did not
develop either overnight or by accident. It is one element of China’s longer-term industrial
policies aimed at transforming key segments of the Chinese economy into high-technology,
innovation-driven global manufacturers.

The strategic implications of China’s de facto monopoly on rare earth production and processing,
and its growing consolidation of technologies and industries for producing finished REE-bearing
products and components, are admirably illustrated by an incident that occurred in the autumn of
2010. In the early morning hours of 8 September 2010, the Japan Coast Guard seized a Chinese
fishing trawler, the Minjinyu 5179, and detained its crew of 15. The trawler had been operating
within the 12 nautical mile territorial sea claimed by Japan around the Senkaku (Ch. Diaoyu)
Islands, and Japanese authorities believed that it had been engaged in illegal fishing. During the
Coast Guard efforts to intercept the vessel, two Japanese patrol vessels were struck by the trawler.
The Chinese captain, Zhan Qixiong, was arrested on charges of obstructing the official duties of
maritime safety officers. The vessel and the 14 crew members were released on 13 September,
but on 19 September prosecutors extended the ship captain’s detention by 10 days. Under
enormous Chinese diplomatic pressure, he was released on 24 September.

The explanation given by local officials for his early release was because of the impact of the
ongoing crisis on Tokyo’s relations with Beijing. Prior to the release of the Chinese captain, the
government in Tokyo sought to contain the situation by dealing with it in accordance with
Japanese domestic law, and encouraged China to respond calmly and allow the process to work
itself out. However, in addition to deploying a fisheries patrol vessel to the area, Beijing
responded with a high-profile reaction that included cancellation of working-level talks on the
East China Sea gas fields; cancellation of at least 20 scheduled official and cultural exchanges;
the arrest of four Japanese nationals for allegedly entering a Chinese military zone without
permission (they were eventually released); and the suspension of rare-earth exports.

Even after the release of the fishing boat captain, problems persisted with regard to the export of
Chinese rare earths bound for Japan. This was due to hold-ups in export license applications,
customs clearance and shipment processing. Japan-bound cargoes awaiting shipment were
subjected to unprecedented inspections; reportedly, the inspection rate increased by 20-30% for
freight cargo and by up to 50% for air cargo (the typical prior inspection rate was 3-5% for both
types). As a result of such measures, and despite Chinese denials of an embargo, exports to Japan
came to a complete halt in October 2010, and only resumed in November. At the same time, some
delays were reported in shipments destined for the US and Europe, perhaps intended as a
warning, but possibly also to ensure that no rare earths would be transhipped to Japan.

While a comparatively unsubtle use of a monopolistic trade lever, this event illustrates the ease
with which China is able to use its dominance of the REE market to attempt to modify the
behaviour of trade partners in what might seem to be unrelated political arenas. Such incidents do
not need to be repeated often in order to have the desired effect of encourageant les autres;
indeed, Beijing is demonstrating a growing willingness to use export controls, tax policy and/or
regulatory action to signal its intent and/or to push trade and economic patterns into more
desirable avenues. For this reason, foreign businesses have been and will likely remain
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disadvantaged in trading with or operating in China whenever applying uneven standards or
practices is deemed likely to advance Chinese interests in the eyes of the central government
leadership.

China’s economic policies adopted after “reform and opening up” were not aimed at developing a
capitalist-style market economy but rather at promoting the growth of China’s economy and
industry. When the government sought foreign investment to spur job growth and kick-start the
economy, the result was an incentive structure designed to attract foreign capital. SOEs remain a
tool used by the government to develop China’s economy, carry out macroeconomic stimulus
and, increasingly, secure the economic security of China and advance China’s economic interests
abroad. When foreign businesses advance the government’s causes, they are allowed access to
China, but only within confines set by the state. Foreign entities, for example, cannot own
controlling shares in designated strategic industries. In order to upgrade the technology level of
SOEs and of the economy in general, foreign companies possessing needed technologies have
been attracted and allowed to form joint ventures with SOE subsidiaries. At present, the policy
has shifted to favour indigenous technologies, and China is increasingly pursuing policies that
aim to encourage and assist SOEs in developing indigenous technologies at the expense of
foreign ones (e.g., China’s high-speed rail network, although given the fatal accidents earlier this
year, this may no longer be the ideal example from the government’s perspective).

With total foreign exchange reserves of US$3.2 trillion (roughly half in US Treasuries),
equivalent to about 50% of GDP, China has a great deal of cash on hand. China is desperately
looking to diversify its foreign holdings, and the natural vehicle has been through overseas
investments in industries that are of strategic importance to China — in particular, energy and
minerals, particularly those in which China is deficient. Given the size of resource extraction
projects and their importance to China’s economic development, central government-controlled
SOEs have played a prominent role in China’s foreign investments. The biggest players —
“national champions” in overseas investment — are among China’s largest SOEs: CNPC, Sinopec
and CNOOC, as well as metal conglomerates Aluminum Corporation of China (Chinalco), China
Metallurgical and Minmetals, not to mention the sovereign wealth fund China Investment
Corporation.

China has successfully exploited the short-term market preoccupations of foreign companies and
their investors (i.e., the need for returns on investments) to develop and consolidate a high-
technology base in a range of different sectors. China no longer wants to be the manufacturer of
the world, except in sectors where it seeks to dominate (for instance, information technology,
green technologies and their applications, etc.). So long as rare earth mining and processing is a
market-driven endeavour outside of China, such operations cannot be economically sustainable in
the face of China’s advantages. Moreover, even if higher prices were to make the exploitation of
foreign rare earth deposits economically feasible, China’s de facto monopoly will for many years
enable it to flood the REE market in the same manner in which it is currently starving it. Even a
brief period of overproduction leading to a significant drop in prices could bankrupt competing
rare earth mining and producing companies, if those companies are forced to play by the
economic rules that China is able to ignore, or to manipulate at will.
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41 Supply Constraints

As has already been noted, China’s domination of the global REE market has a number of
potentially significant strategic impacts. The potential industrial impact of supply constraints are
most likely to be felt by industries relying on large quantities of rare earth magnets; to wit, the
‘clean energy’ industry, specifically the wind turbine industry, and to a lesser extent the hybrid
and electric vehicle industries. Even absent deliberate manipulation of the market, given current
production and consumption trends, industry analysts project large shortfalls by 2014 in the
production of key magnet-critical REO, notably neodymium, terbium and dysprosium; and in the
production of yttrium for the phosphors market.'"” It is important to recall that in these markets,
as in other markets dependent upon rare earths, the question is not one of cost but rather one of
availability, as there are at present no adequate alternatives to the use of key REE in industry-
specific roles. Due to the quantities involved, however, skyrocketing prices for certain of these
rare earth metals (particularly neodymium) could potentially drive the cost of wind power
deployments beyond even the ability of heavy government subsidization to sustain. There is
evidence that this is already happening.

These projected shortfalls, moreover, are based on production and consumption trends as of mid-
2010. Both trends are changing. While China continues to reduce the quotas for REE export, the
US Department of Energy is projecting major increases in demand for wind power and hybrid and
electric vehicles. DOE is also expecting a significant increase in demand for thin-film solar
photovoltaic generation systems, which are also heavily dependent on specific REE.""® There is,
however, some room for error in these projections, as they are not at present being borne out by
evolving trends either in wind or solar power deployments, or in hybrid and electric vehicle sales.
Assumptions for growth in REE demand for lighting technologies (which, according to the DOE,
are expected to climb modestly, from 2.2% to 3.5% per annum)''’ may be more realistic. Thus,
the increase in demand for glass- and phosphor-specific elements like lanthanum, cerium,
europium, terbium and yttrium may prove to be less problematic over the near term.

In the military realm, the impact of supply constraints, while potentially problematic, is less likely
to prove catastrophic, at least over the near term, since in most contemporary applications the
REE required for military equipment are not necessary in tonne quantities. In such cases,
availability takes precedence over cost, and per-kilogram price increases, even by orders of
magnitude, should not pose a significant problem, so long as the requisite materials are still
available for purchase.''® More draconian constraints by Beijing on rare earth export quotas,
however, or an outright embargo, could easily result in some elements being unavailable at any
price. This would pose a crippling threat to US and Western military capabilities, weighted most
heavily towards the most modern and capable force-multipliers available to US and allied forces
— smart weapons, satellites, night vision and thermal imaging systems, unmanned aerial vehicles,
and information management systems.

> Hocquard, 69.

1 Source: Adapted from US DOE, Critical Materials Strategy, 77-83.

"7 Tbid, 87.

"® The exception to this general principle would be the widespread adoption of hybrid or all-electric
vehicle propulsion systems, which would require large quantities of REE for permanent magnet
applications. All-electric drive ships, whose propulsion systems would require tens of tonnes of REE
magnets, would be the epitome of a REE-dependent capability.
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While the US DOE’s focus is on clean energy rather than military capability, its assessments of
likely critical shortages in REE in the coming two decades more or less parallel the concerns
expressed by DOD and other agencies. DOE assesses that over the next fifteen years the US is
likely to face critical shortages of dysprosium, neodymium and terbium (for magnets), and
europium and yttrium (for phosphors). Over the same timeframe, DOE expects near-critical
shortages in cerium and lanthanum for the catalyst and phosphor industries.'"® “Critical”, in DOE
parlance, refers to a substance that is indispensable to the clean energy industry, and that faces
some sort of supply risk. The assessment criteria established by the DOD Strategic Materials
Production Board use slightly different definitions, stating, for example, that “the criticality of a
material is a function of its importance in DOD applications, the extent to which DOD actions are
required to shape and sustain the market, and the impact and likelihood of supply disruptions.”
Some reports have referenced dysprosium as a defence-critical REE,'*” while a 2009 National
Defense Stockpile configuration report noted that requirements for lanthanum, cerium, europium
and gadolinium had already caused production delays for some defence weapon systems.'*' This
is ironi%zgiven that the Mountain Pass ores have high concentrations of both lanthanum and
cerium.

The Pentagon, in its 2011 annual report to Congress on defence industrial capabilities,
recommended the development of risk mitigation strategies for defence-critical HREE, especially
dysprosium, praseodymium and praseodymium (for magnets) and yttrium (for phosphors).'*
Beyond these official statements, however, it is possible to infer other potentially defence-critical
REE shortfalls simply from observations of how and where REE appear in the defence supply
chain. At present, for example, only one US-based company, Electron Energy Corporation in
Pennsylvania, produces SmCo permanent magnets, used inter alia by the reference/navigation
unit in the M1A2 Abrams main battle tank. The company uses samarium metal and “significant”
amounts of gadolinium. As the US produces neither samarium nor gadolinium, these elements
might reasonably be considered to be defence-critical.'* The potential strategic impact of
shortfalls becomes more obvious when one considers that shortfalls may be caused by political or
economic decisions taken in Beijing. Even if the decisions are indeed focused on protecting
China’s environment or conserving its rare earth reserves, the impact of the resultant supply
constraints on defence production would be no different than if the decision had been deliberately
aimed at crippling the most modern and capable US defence systems.

Could such a decision be taken deliberately? To even ask the question is, of course, to answer it.
China’s national security policy specifically contemplates the use of asymmetric power to dilute
an adversary’s military superiority; as one of the authors of this paper has elsewhere noted,
“much of China’s ongoing military R&D and its force modernization process — for example anti-
satellite weapons, anti-ship ballistic missiles, digital warfare and other examples of
‘informationization’ — appears to be aimed at developing asymmetric technologies intended to

"9 Source: Adapted from US DOE, Critical Materials Strategy, 97. US DOE includes indium (not a REE)
in the short-term critical list.

"% Cited in Grasso, 8 and 16.

2! Martin, 32. It is worth noting that while the US maintained a quantity of yttrium in its National Defense
Stockpile until 1998, there are presently no rare earths in the stockpile.

122 Long, et al., Table 5, 12.

2 DOD, Annual Industrial Capabilities Report to Congress, 11.

124 Grasso, 7.
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obviate the US advantage in key strategic areas.”'* Gaining control over global production of
REE offers not only clear financial and industrial benefits to China, but also gives Beijing a lever
to use against the US and its allies, including regional adversaries like Japan and the Republic of
Korea, both of which are as dependent as the US upon high technology industries and,
consequently, upon stable Chinese supplies of REE.

Mineral resources critical to national security are by definition strategic, and dependence
(especially total or even near-total dependence) on unstable or unfriendly foreign states for
supplies of such resources is therefore a matter of strategic concern. Ensuring access to critical
strategic resources necessitates the development and implementation of strategic solutions. In the
case of China’s de facto monopoly on rare earth oxides and metals, and its growing control over
the production of rare earth-bearing components and end-products, there are a number of
potential strategic solutions. The most obvious are the development of alternative primary sources
of REO, preferably domestic, but also in partnership with allied or at least friendly states;
stockpiling (which, if Chinese policies continue, may not be possible); increased recycling of
major rare earth-bearing products; and research aimed at developing alternative technologies not
dependent upon resources not domestically or readily available. The following subsections will
examine these alternatives.

4.2 Alternative Sources of REE

The USGS assesses US domestic REE resources as “modest.”'*® The principal strategic concern,
however, is not the extent or composition of those resources, but rather the facts, first, that their
exploitation is not at present economically viable, at least not under free-market conditions; and
second, that China’s trade, industrial, regulatory and tax policies are designed not only to enable
China to continue to control REO production, but also to incentivize REE end-use manufacturers
to relocate to and remain in China. Restarting US REO production and encouraging REE-bearing
component manufacturers to return to the US will therefore be problematic, entailing both a
significant price tag, and in all probability a deliberate decision by the US government to
intervene in the rare earths market. The present trajectory of US government policy all but
ensures that such expenditures and interventions will be unavoidable. The Department of
Energy’s “critical materials strategy” is based on one over-riding fact and one key assumption.
The DOE strategy notes that “clean energy technologies” rely more heavily on REE than do
traditional, developed market sectors, and assumes that the deployment of these technologies can
only increase, “perhaps significantly, in the short, medium and long term.”'*” Therefore, the US
need for REE-dependent technologies is, according to the DOE, destined to grow geometrically
over the coming years.

In view of this assessment, the DOE has identified five rare earth metals (dysprosium,
neodymium, terbium, europium and yttrium) as “most critical in the short term”, where
“criticality” is defined in terms of two factors: risk of supply disruption, and “importance to the

D A. Neill, China’s Evolving Nuclear Posture Part Il — The Evolution of China’s Nuclear Strategy
(Ottawa: Defence R&D Canada Technical Memorandum 2011-156, September 2011), 100.

126 Long, et al., 1.

127 US DOE, Critical Materials Strategy, 7. This assumption, as will be discussed further along, may be
seriously flawed.
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clean energy economy.”'* The assessed risk of supply disruption incorporates the fact that the
sole domestic developed source of rare earths, Mountain Pass, is capable of producing very little
(europium, yttrium) or none (terbium, dysprosium) of the element in question; or cannot produce
it in the quantities required to support the burgeoning clean energy economy (neodymium).'*
The DOE therefore assesses that these elements will remain critical in the medium term as well.

Washington’s access to and exploitation of minerals for defence purposes are circumscribed by a
complex array of legislation and policies, including (but not necessarily limited) to the following:

e the Defense Production Act (P.L. 81-774);

the National Defense Stockpile [Title 50 United States Code (U.S.C.) 98-h-2(a);

the Buy American Act (41 U.S.C. 10-10d);

the Berry Amendment (10 U.S.C. 2533a); and

the Specialty Metal provision (10 U.S.C. 2533b)."*°

These policies and laws overlap in significant areas, and do not present an internally consistent
assessment of what minerals are, or should be, deemed “critical,” “strategic,” “vital,” or even
“special”; nor are they coherent even between themselves. The REE, for example, are accounted
for in three of the five policies mentioned above, but are not covered by either the Specialty Metal
provision or the Berry Amendment.

The US National Defense Stockpile, held since 1939 as a hedge against interruption of supplies of
strategic minerals, reached a high of $14.8 billion in materials in 1980. In 1988 it was transferred
to DOD and, after the end of the Cold War, was sold down to a 2009 inventory of $1.4 billion in
order to help alleviate pressures on the defence budget. The decision to reduce the Stockpile was
based both on the collapse of the Soviet Union as a strategic adversary, and on the assumption
that, in the post-Soviet era, US pre-eminence would remain unchallenged, which would allow
Washington to meet its defence needs via the international free market."”' This assessment could
not hold up against a combination of Chinese industrial expansion and manipulation by Beijing of
global markets to suit its domestic and regional policies.

The US political reaction to concerns about access to strategic minerals, especially REE, has been
sporadic and disjointed. The 111" Congress (which was superseded by the 112" in January 2011)
introduced a number of different legislative initiatives aimed at improving America’s access to
important REE. H.R. 6160, aka the “Rare Earths and Critical Materials Revitalization Act of
2010,” passed the House on 29 September 2010 with broad bipartisan support.*> Amongst other
things, the Resolution aimed to establish a $70 million R&D programme within the Department

122 US DOE, Critical Materials Strategy, 6.

12 See Annex A for the proportion of REE present in the bastnaesite ores produced at Mountain Pass.
B0 Humphries, 3.

1! Kent Hughes Butts, Brent Bankus and Adam Norris, “Strategic Minerals: Is China’s Consumption a
Threat to United States Security?”, US Army War College, Center for Strategic Leadership Issue Paper,
Volume 7-11 (July 2011), 3.

132 The vote result was 325-98.
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of Energy to “identify and test potential substitutes” for scarce, costly or difficult-to-obtain REE,
and to improve REE extraction, processing, recovery and recycling technologies. The law also
established a loan guarantee programme to support commercial applications of new REE
technologies with specific emphasis on the production of magnets, batteries, optical systems and
electronics. Other legislation pending at the time of the 2010 Congressional elections included
H.R. 4866 (the “Rare Earths Supply-Chain Technology and Resources Transformation Act of
20107, intended to re-establish the domestic US REE production industry); S. 3521 (the “Rare
Earths Supply Technology and Resources Transformation Act of 20107, which was similar to
H.R. 4866, and which was aimed at expediting the glacial permitting process inhibiting
exploitation of domestic REE resources); and H.R. 5136 (the “Fiscal Year 2011 National Defense
Authorization Act”), which directed the Secretary of Defense to assess the REE supply chain with
a view to determining strategic or critical vulnerabilities, and developing plans to address them.
Congressional findings arrived at during the 111" Congress also identified an “urgent need to
eliminate U.S. vulnerability related to the supply of neodymium iron boron magnets,” and to
restore the domestic US capacity to manufacture such magnets for defence applications. '’

REE have never been classified as strategic materials, despite more or less meeting the criteria for
such classification (which according to the US National Research Council are materials which are
essential in use, difficult to identify substitutes for, and prone to supply restrictions)."** This
oversight may soon be rectified. Successive US government studies have identified the lack of
developed US sources of rare earths and of US companies capable of reducing REO to metals
usable by higher industry and, consequently, China’s growing domination of the global REE
market, as a strategic risk. In its 2011 Annual Industrial Capabilities Report to Congress, the US
Department of Defense offered five recommendations, arguing that DOD should:

e develop and implement risk mitigation strategies for the HREE, especially those deemed
most critical to defence technology (dysprosium, yttrium, praseodymium and
neodymium, although the latter two are technically LREE);

e identify and prioritize REE product applications in order to diminish/mitigate supply and
scheduling disruptions to selected DOD systems;

e develop and distribute to industry a prioritization and allocation plan so that throughout
the industry it is understood that DOD product applications are to receive higher priority
and response than commercial product applications;

e create partnerships with domestic companies that produce, process and fabricate finished
components from REE to determine what assistance may be needed to retain or obtain
REE processing capabilities; and

e continue monitoring the health of the domestic REE companies in the supply chain.'*’

The report further recommended that Congress consider authorizing application of Title III of the
Defense Production Act (50 U.S.C. App. 2061 ef seq.), which is specifically designed to facilitate

1 Humphries, 10.
1 Humphries, 14.
35 Annual Industrial Capabilities Report to Congress, 11-12.
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the creation, maintenance, modernization, protection, expansion or restoration of industrial
capabilities required for national defence. One of the key objectives of Title 11l is to expedite the
transition of emerging technologies from the R&D to the production phase, and to this end, it can
be used to provide financial incentives in the form of purchases, commitments to purchase, or
lease of manufacturing equipment for government or privately-owned commercial facilities. Title
IIT has been used successfully in the past to speed the entry into service of promising new
technologies. Two recent examples cited in the DOD report include the introduction of silicon
carbide monolithic microwave integrated circuit devices (developed by Cree, Inc., of North
Carolina) into the US Army’s Counter Radio-Controlled IED Electronic Warfare devices for use
in Iraq and Afghanistan; and the entry into service of travelling wave tube amplifiers for space
applications, which were developed by L-3 Communications Electron Technologies as a means of
securing a domestic supply of K-band travelling wave tube amplifiers. While not directly
contributing to combat operations, acquiring a domestic source for this technology helped DOD
solve bandwidth problems resulting from a shortage of DOD-owned communications satellites.'*
If the projected shortages of REO and finished rare earth metals and components materialize, the
same legislation and policies could be used to incentivize and subsidize the re-creation of a
domestic US capacity for the production and processing of rare earths for military purposes.
Whether such incentives would hasten the revitalization of the moribund US rare earths industry,
however, as opposed to retarding it by interfering with market forces, is an open question.

The DOE’s assessment of US REO reserves as “modest” notwithstanding, US REO reserves are
significant, particularly in comparison to present consumption rates. US domestic reserves of
REO, which stood at 1.5 million tonnes in 2010, are large in the context of annual domestic
consumption, which stood at 10,200 tonnes of REO in 2007."" Exploitation of domestic US
reserves, however, is retarded by a number of hurdles, not the least of which is the lead time
necessary to develop a new mine, usually on the order of a decade, but which tends to be much
longer in the United States. Based on reports from industry representatives, the US Government
Accounting Office assesses that “it can take from 7 to 15 years to bring a property fully online,
largely due to the time it takes to comply with multiple state and federal regulations.”"*®

In addition to the regulatory burden and China’s ability to attract end-use manufacturers and
manipulate REO pricing, the US situation is complicated by the fact that most domestic rare earth
deposits have relatively low concentrations of REO. The size of unexploited deposits, however, is
potentially very large. The USGS estimates unexploited US reserves at more than 10 million
tonnes of extractable minerals. Most of this is attributable to the massive deposit located at Iron
Hill, Colorado, which is estimated to contain roughly 9.6 million tonnes of relatively low-grade
deposits.”® A further complication is the relative lack of certain key elements in US deposits, in
particular those which, while required in only small quantities, are essential to the production of
key defence components. While the mineral deposits at Mountain Pass contain 11.2%
neodymium and 4.1% praseodymium, for example, they contain almost no dysprosium or
terbium, which are vital ingredients in the kinds of high-temperature permanent magnets required
by defence and selected industrial applications. The USGS assesses that the significant
dysprosium percentages occur, for example, in deposits in Malaysia (8.3% in xenotime deposits

B¢ dnnual Industrial Capabilities Report to Congress, 69-71.
137 Long, et al., 23.

%% Martin, 22.

9 Long, et al., 19.
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at Lehat); China (6.7% in high-yttrium laterite deposits at Longnan); and Canada (8.2% in bulk
ores at Strange Lake, Quebec); the US, by contrast, has only low-grade deposits, for example at
Green Cove Springs in Florida, where monazite ores are assessed as containing 0.6% dysprosium,
and 0.3% terbium.'* New finds may alter this calculus; the Bokan Mountain deposit in southern
Alaska, 100 km northwest of Prince Rupert, B.C., is reported to contain lower concentrations of
LREE but significantly high concentrations of HREE in comparison to the Xiangi ores.'"'

For all of these reasons, Washington is not relying solely on restarting domestic production of
REO, and is instead looking at the REE resources of allies and traditional trading partners like
Canada and Australia as a means of diversifying sources of supply. According to USGS
estimates, there are upwards of 100 million tonnes of extractable REO reserves in locations that
Washington assesses as low or near-zero risk (Australia, Brazil, Canada, and Greenland). The
question is whether the governments of these countries, which may not feel the same strategic
pressures as Washington does in the face of China’s REE monopoly, will be willing to engage in
the same sort of costly subsidization and market intervention that will be necessary to develop
REE production and consumption industries capability of competing in the face of China’s
economic and industrial advantages.

One possible long-term alternative to China as a source of REE is Afghanistan. One of the
legacies of the West’s 10-year engagement in Afghanistan following the ouster of the Taliban
government in Kabul in 2001 has been a more thorough appreciation of that country’s extensive
untapped mineral resources. In recent years, teams of scientists, largely from the USGS, have
been conducting surveys. In addition to potentially valuable deposits of gold, lead, tin, zinc,
tungsten, copper, gold and other metal ores, US researchers conducting surveys in Helmand
province have discovered a previously unknown, and potentially enormous, deposit of rare earths.
Current estimates place the quantity of extractable ores at 1.3 million tonnes, roughly 10 years’
global consumption at current rates with a value, according to Pentagon estimates, of about $7.4
billion."** Mining of rare earths and other ores would be a considerable financial boon both in
terms of cash flow and employment for the Afghan economy, so long as the aforementioned
problem, as well as those that have plagued China’s rare earths industry, can be managed.

The key difficulty, of course, is that the business of extracting and exporting rare earths (or for
that matter any other mining product) from Afghanistan’s hinterland is complicated by
remoteness, the lack of infrastructure, a largely unskilled populace, and the threat of Islamic
terrorism. Any attempt to exploit Afghanistan’s mineral riches would be decidedly not zero-risk.
Helmand is also one of the larger centres of poppy cultivation in Afghanistan. Absent significant
changes for the better in the local and regional security situation, therefore, it seems unlikely that
businesses would be willing to take the risk of investing in Afghanistan’s rare earth finds when
there are many other less challenging reserves worldwide.

Japan consumes roughly 30,000 tonnes of REO per annum, making it the second largest
consumer after China itself. Japanese REE consumption patterns are driven by the same
technological end-uses as other advanced industrialized countries, and range from traditional,

140 Long, et al., Table 5, 12.

! Mike Power and Jim Robinson, “Bokan Mountain Heavy Rare Earth Deposit” (Aurora Geosciences
Alaska Limited, 2011), slide 16. [http://ucore.com/MikePower 2011.pdf]. Accessed 29 March 2012.
142 Sarah Simpson, “Afghanistan’s Buried Riches”, Scientific American, October 2011, 62.

DRDC CORA TM 2012-204 51



established markets to emerging markets. The latter are where most of the growth in demand is
being generated at present; Japan is, for example, the world’s largest producer of hybrid electric
vehicles, and for the last four years Japan’s production in this sector has been double that of the
rest of the world combined.'” Because Japan has no domestic sources for REE, it is entirely
dependent on Chinese production, making Japanese industry particularly vulnerable to supply
constraints.

Japan is attempting to mitigate its reliance on Chinese REE output by investing in a variety of
alternative delivery options.'** In 2010 alone, the Japanese government and various corporations
concluded agreements intended to secure access to REO and metals:

e Toyota/Sojitz Corporation entered a joint plan with the government of Vietnam to mine
5,000 tonnes of REO (bastnaesite and parisite ores) at Dong Pao annually;'*

e Japan and Kazakhstan agreed to cooperate in the production of rare earth oxides and
metals in Kazakhstan;

e Sumitomo struck a deal with Kazatomprom, Kazakhstan’s state nuclear power agency, to
secure 3,000 tonnes of rare earth metals per year;

e Japan and Mongolia signed an agreement to promote development of rare earth projects;

e Lynas Corporation of Australia entered into a strategic alliance with Sojitz Corporation to
allow the latter to serve as its exclusive distributor in Japan;

e Toyota Tsusho announced plans to build a rare-earth processing plant in the Indian state
of Orissa in 2011 with hopes to begin shipping up to 4,000 tonnes of rare earths per year
to Japan from 2012. Toyota Tsusho partnered with Indian Rare Earth Limited, part of the
state-owned Nuclear Power Corporation of India; 16 and,

e Molycorp announced separate deals with Hitachi Metals and Sumitomo Corporation
covering the funding, supply and manufacture of rare earth end products (e.g., alloys and
magnets) in the US.

Japan has also sent research teams to various other, including Canada, to investigate new,
developmental sources of REE.""’

Japan is also putting considerable effort and funding into research and development aimed at
exploiting hitherto uneconomic sources of REO. While it has been known for some time that
seabed deposits may contain worthwhile quantities of REO, recovering ores from the seabed is an

'3 Cindy Hurst, “Japan’s Approach to China’s Control of Rare Earth Elements”, China Brief, Vol X1, Issue
7 (22 April 2011), 5.

44 Grasso, 1.

145 John Seaman, Rare Earths and Clean Energy: Analyzing China’s Upper Hand, (Paris: Institut frangais
des relations internationals, September 2010), 26.

14 Rare earth chlorides are a by-product of IREL’s extraction of uranium and thorium from monazite
minerals in eastern India.

7 Hurst, “Japan’s Approach”, 6.
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expensive and technically challenging proposition. Nevertheless, Tokyo is investigating the
feasibility of mining the seabed to acquire access to indispensable strategic minerals. Researchers
at the University of Tokyo, the Japanese Agency for Marine-Earth Science and Technology
(JAMSTEC) and the Tokyo Institute of Technology have published preliminary results of seabed
samples taken throughout the Pacific Ocean. The team collected over 2,000 seafloor sediment
samples at depth intervals of roughly one meter at 78 different sites. Their preliminary findings
were that deep-sea mud samples (at depths between 3,500-6,000 meters below the surface) from
numerous sites in the eastern South Pacific (especially east of Tahiti) and central North Pacific
(east and west of Hawaii) contain high concentrations of REE. Their estimate is that an area of
one square kilometre could provide over one-fifth of current annual consumption of those
elements. This may be especially the case with regard to HREE, because the mud commonly has
a higher HREE/LREE ratio than even the southern China ionic adsorption-type deposits.'**

In early October 2011, Japan’s Science Ministry announced that it would start building new
research ships to conduct undersea surveys, with ¥22 billion allocated in FY2012, and completion
planned for 2015. The ships will be equipped with high-precision sensors and the will be able to
control simultaneously several unmanned probes, thus permitting research of volumes of resource
deposits distributed across wide areas. The ships will be operated by JAMSTEC, which currently
operates seven research vessels, each of which is at present capable of controlling only one
seabed probe.'* The new vessels will vastly expand Japan’s ability to map and assess the
potential for exploitation of seabed REO.

4.3 Recycling

To date, there has been almost no systematic recycling of REE from end-product components.
REE-doped zeolites used in fluid cracking are usually regenerated (i.e., decarbonized) and reused
indefinitely. Spent chemical catalysts, by contrast, are generally considered to be hazardous waste
and are disposed of as such, entailing high waste management costs. REE are used in automotive
catalytic converters in such small quantities that they are almost never recovered; recycling
efforts, when they occur, tend to be aimed at recovering valuable catalytic metals (e.g.,
palladium) that are present in much greater quantities. REE components tend to end up as slag
from these recovery processes, or in landfills (and in the case of spent chemical catalysts, lined
hazardous waste landfills). This is also the fate of rare earths consumed by both the non-battery
metallurgical industry, and the battery alloy industry; while metal alloys (including those from
batteries) are often recycled, this is almost always done to recover metals present in greater
quantities (in the case of batteries, nickel and cobalt); the rare earths present in the alloys tend to
be discarded as part of the slag resulting from the recycling process. '

Coloured glass is often recycled, but nearly always for purposes in which any REE it may contain
is irrelevant (i.e. the production of fibreglass insulation). It is equally likely to end up in a landfill.
Scrap from doping operations aimed at producing laser crystals, which often contains significant
quantities (as much as 5% by weight) of REE, is never recycled. Polishing powders used by the
glass industry can be regenerated, but the necessary chemical processing is costly, making it more

18 Kato, et al., 535-539. See especially page 536, Figure 1.

149 “Government to Develop Ships to Survey Undersea Rare Earth Deposits,” Nikkei Telecom 21 in English
(9 October 2011), OSC JPP 20111009969003.
150 Goonan, 6.
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economical to replace contaminated powders with new product. Similarly, REE used in phosphor
powders and ceramic applications are almost never recovered, as it is not at present economical to
do so, although research and development of phosphor recycling technologies is ongoing. "'

Recovery of REE from rare earth permanent magnets is more likely to be economical, due
principally to the much higher quantities of REE involved in magnet production. The problem of
magnet recycling is complicated both by corrosion, which is common in exposed applications like
wind turbines, and by the use of anti-corrosion plating elements like nickel. Recycling
technologies for these magnets are nonetheless being explored, with Japan leading the way.
Hitachi, for example, which holds the patent for NdFeB magnet production, has according to
company reports developed a process for extracting REE from decommissioned magnets.'**
While this is less cost-effective than using ‘fresh’ REO, cost becomes less of an issue when the
availability of imported ores is threatened by political and regulatory decisions taken in Beijing. If
China continues to use its monopoly as a political lever, recycling of REE-bearing components is
likely to become more widespread, at least until alternative supplies of REO and metals become
available.

4.4 Substitution

There are some limited prospects for substitution of REE-bearing components with non-REE-
dependent technologies. As a general rule, however, the incorporation of REE into existing
technologies has tended to improve them in ways that enable entirely new applications. For
example, the invention of small, powerful NdFeB magnets has made possible the extreme
miniaturization of electric motors for use in such devices as computer hard drives and CD/DVD
optical drives; in miniaturized robotic systems; and in military weapons systems where space and
weight are at a premium, e.g., precision-guidance packages for bombs, fin actuators for missiles,
and servomotors for unmanned aerial vehicles. There is some scope for substitution by SmCo
magnets, although this is not a practical solution in most cases, as in addition to such magnets
being less powerful than their NdFeB equivalents, samarium is both scarcer and more expensive
even than neodymium. There is no indentified substitute for the terbium and dysprosium
commonly used in special purpose, e.g., high temperature, magnets.

At present there are no substitute technologies for most REE applications that would not either
preclude adaptation (because the resulting components, if made using substitute elements, would
not fit into existing systems) or result in reduced performance (e.g., due to heavier weight, slower
response time, or reduced power). However, research efforts aimed at developing alternatives to
rare earth magnets are bearing fruit. In September 2010, Japanese researchers at the government-
backed New Energy and Industrial Technology Development Organization and Hokkaido
University announced that they had developed a next-generation motor for hybrid and electric
automobiles which, unlike current motors, contains no rare earth magnets. The researchers
boosted the magnetism of magnets without recourse to REE and nonetheless managed to build a
motor with same power output (50 kW) as the current generation of hybrid motors for electric
vehicles like the Toyota Prius. '** In addition, ongoing work by GE Global Research is focusing

1 Schiiler et al., 107.
152 Goonan, 9.

133 «Researchers Develop Electric Motor Minus any Rare Earth Metals,” Mainichi Daily News Online in
English (30 Sep 2010), OSC JPP 20100930969161.
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on developing nano-composite magnet alloys capable of providing similar levels of performance
without relying on rare earths.'”* While such research efforts are promising, scientific and
technical solutions to the REE shortage remain by and large in the developmental stage.

Finding substitutes for REE in applications that depend on their chemical, physical or optical
properties — for example, the use of yttrium or cerium as glass additives or in phosphors —
requires enormous amounts of costly and time-consuming research, and may prove to simply not
be possible. At present, there is no known substitute for lanthanum in fluid cracking or in
automotive catalytic converters, and there is no proven substitute for europium either in
fluorescent lamps or in the red phosphors used in television screens. In electroluminescent
applications, however, as noted above, LED technologies are beginning to overtake compact
fluorescent bulbs. Current generations still require some REE for certain colours, but future
generations of organic LEDs are likely to be REE-free.'”

In some areas, substituting non-REE technology for REE-bearing components is already feasible.
As mentioned above, the wind power industry is rapidly becoming dependent upon NdFeB
magnets in direct-drive turbines; but if the price of neodymium were to rise to the point that using
such magnets renders wind turbines non-competitive,*® then the industry would doubtless
depend more heavily upon geared turbines containing non-REE magnets. The same approach may
be applied to hybrid and electric vehicles (and is already happening as LI batteries begin to
replace NiMH battery technology), although with the proviso that performance-to-cost margins
are already very slender, and that further reductions in the already limited performance of electric
vehicles could render them entirely non-viable as consumer products."”’

4.5 Increasing Global REE Production?

The only permanent option for alleviating the strategic impact of China’s REE monopoly is
increasing REE production in the US and/or countries allied or friendly to the US. While the US
DOE is projecting modest to significant production increases in REE productivity by 2015, its
estimates are short on details about who is going to account for these increases, and how
companies engaged in building up capacity are going to be insulated from market pressures,
either genuine (e.g., resulting from the current global recession) or contrived (e.g., resulting from
Beijing’s manipulation of the global REE prices and supplies).

In reality, the only prospect for near-term increases in REE production is Molycorp’s Mountain
Pass facility. Mountain Pass is already expanding operations and expects to be able to produce up
to 40,000 tonnes of REO annually by as early as 2013, including full-scale production of cerium,
lanthanum, praseodymium and neodymium oxides. Mountain Pass, however, will not have the
capacity to reduce oxides to metals, or to produce the rare-earth alloys required by end-use

1% Katherine Bourzac, “New Magnets Could Solve Our Rare Earth Problems”, MIT Technology Review (20
January 2011). [http://www.technologyreview.com/energy/27112/pagel/]. Accessed 22 November 2011.

"> Schiiler, et al., 103.

13 Which is to say, ‘non-competitive’ even with heavy government subsidization.

7 The General Motors Volt, for example, retails for two to three times the price of a comparable gasoline-
powered compact car, but has a maximum range of only 40-80 km on a fully-charged battery.
[http://www.gm.ca/gm/english/vehicles/chevrolet/volt/overview?adv=110208&k clickid=73b104e5-8ba9-
a469-4248-000001d8fcff]. Accessed 8 November 2011.
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customers or component fabrication consumers."”® DOE’s 2010 estimates for current and
projected potential increases in REO production are listed at Table 5. These estimates, which
suggest that non-Chinese REE sources could replace fully half of China’s 2010 output by 2015,
are perhaps excessively optimistic in view of the sharp decline in demand resulting from, amongst
other things, the ongoing impact of the global recession.

Policy-driven supply constraints by Beijing might drive REO prices up, thereby making mining
activities at deposits that are not currently economically viable more attractive, but there are
numerous risks. First, REO are not traded on the metal exchanges, but by negotiated purchase on
Exchange Traded Funds; there is no spot or futures market, and therefore no prospect of dealing
in REO as states deal in other strategic minerals like iron, bauxite, chromium, molybdenum, or
even crude oil." The lack of such markets is due largely to the relatively small size of the
international REO market but also to the fact that REO production has for the past six decades
been essentially a monopolistic affair. Genuine market trading is unlikely to emerge given that the
monopoly is now held by China.'®

Table 5 — Current and Projected Production of Key REO (tonnes/year) "%
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Lanthanum 33,887 | 6,640 | 3,900 |2,000 | 845 [ 1,620 | 594 |3585 | 16,184 | 50,071 48%
Cerium 49935 | 9820 | 7,650 | 4,820 [ 2,070 | 2,520 | 1,368 | 1,101 | 29,349 | 79,284 59%
Praseodymium | 6,292 | 868 600 590 [240 [200 [174 |120 [2,792 | 9,084 44%
Neodymium 21,307 | 2,400 | 2250 [2,150 [ 935 [535 |657 |423 [9350 |[30657 | 44%
Samarium 2,666 | 160 270 240 | 175 |45 87 75 1,052 | 3,718 39%
Europium 592 20 60 40 20 0 18 3 161 753 27%
Gadolinium 2,257 | 40 150 100 |145 |o 39 63 537 2,794 24%
Terbium 252 0 15 10 90 0 3 9 127 379 50%
Dysprosium 1377 |0 30 30 35 0 12 60 167 1,544 12%
Yttrium 8,750 | 20 0 0 370 |4 39 474 | 907 9,657 10%
TOTAL 127,315 | 19,968 | 14,925 | 9,980 | 4,925 | 4,924 | 2,991 | 2,913 | 60,626 | 187,941 | 48%

In addition, prices for minor metals tend to be vulnerable to periodic and unforeseen changes in
demand. The appearance of a new technology (e.g,, direct-drive wind turbines, hybrid and electric
vehicles, and flat-screen displays for televisions, computers and other consumer electronic

138 Grasso, 10-11.

' One reviewer noted that the restrictive trading mechanisms available for REE/REO vis-a-vis the
precious and base metals markets is a barrier to development of the rare earths industry.

1" The same might be said of OPEC and crude oil. However, the market trading of oil emerged before
OPEC formed. Moreover, OPEC controls only about forty percent of global crude oil production, whereas
China controls 97% of global REO production. US Energy Information Administration, World Oil Balance
data, 2009. [http://www.eia.gov/petroleum/data.cfm]. Accessed 22 November 2011.

1! Source: Adapted from US DOE, Critical Materials Strategy, 72. Note that the figures in this table differ
from those in the source document, where the arithmetic is inaccurate.
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devices) can create a surge in demand for an otherwise low-volume mineral, leading to sudden
shortages and skyrocketing prices. Political decisions (e.g., the decision to in effect ban
incandescent light bulbs in favour of compact fluorescent light bulbs; to offer massive
government subsidies for green energy deployments in the wind and solar photovoltaic generation
industries; and to provide hefty consumer incentives to offset the high production costs of select
hybrid and electric vehicles) can lead to sudden increases in demand in what were previously
relatively small markets. One consequence of the announcement of a de facto incandescent light
bulb ban in the US and Canada, for example, was a sudden jump in domestic Chinese
consumption of terbium and europium, as China is where the bulk of the world’s supply of CFL
bulbs are produced. In the same manner, small niche markets are vulnerable to even a brief
supply disruption and can result in crippling delays in delivery. Small numbers of end-users
likewise make for fragile markets, and increase risks to producers. Given the high risks and the
low probability of high profits normally associated with the REE industry, few corporations have
stepped forward to challenge China’s domination of the REE market.

From a US perspective, Canada is a logical source for REE production. Canada already provides
approximately 25% of the oil consumed by the US, more than Washington obtains from any other
state (or indeed, any other region). Canada also supplies a considerable proportion of the strategic
minerals consumed by US companies, including roughly 20% of the gallium, indium and
tellurium (although even US consumption of these truly rare minerals is small — only a couple of
dozen tonnes per annum).'®> Moreover, Canada has large, proven reserves of rare earth-bearing
ores at a number of different locations, although all of the deposits discovered to date are of
relatively low quality in comparison to Chinese and other deposits.

Table 6 shows the location and content of identified REE deposits in Canada. Some Canadian
deposits have relatively high concentrations of the more desirable HREE; the Strange Lake ores,
for example, contain high proportions of dysprosium, holmium, erbium, thulium, and
ytterbium,'® while the Thor Lake ores contain relatively high concentrations of neodymium,
praseodymium, and dysprosium — the key elements in permanent magnet manufacture — as well
as samarium, europium, gadolinium, yttrium and terbium.'®* These deposits are owned and
managed by Great Western Minerals Group (GWMG) and Avalon Rare Metals (both Canadian
companies). Avalon began drilling at Thor Lake in 2010, at what is considered one of the largest
and potentially most valuable REE sources in the world. Great Western’s interests in domestic
production are obvious; the Group owns a magnet production company in the UK and is likely
looking to extract neodymium, praseodymium, dysprosium and terbium to support the
manufacture of high-temperature magnets without recourse to unreliable Chinese exports.

Rare earths exploitation could become a significant market sector in Canada in relatively short
order. In addition to Avalon and Great Western, a number of other Canadian companies are
engaged in exploration and development activities, including exploitation firms (Quest Rare
Minerals), traders and stock-pilers (Dacha Strategic Metals) and rare earth magnet manufacturers
(Neomaterials). Canadian REE deposits are attracting foreign investment and interest as well;
JOGMEC, which operates under the purview of Japan’s Ministry of Trade, Economy and
Industry and which has a mandate to develop secure access for Japan to stable resource supplies,

12 us DOE, Critical Materials Strategy, 37-38.
163 Long, et al., Table 5, 12.
1% Hocquard, 23.
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has signed an agreement with Midland Exploration, Inc., to develop the Ytterby project at Strange
Lake in Quebec. The Strange Lake ores have relatively high concentrations of cerium,
neodymium, praseodymium, yttrium and lanthanum oxides,'®® making them especially attractive
to the magnet, catalyst, doping and phosphor industries.

Table 6 — Canadian REO Reserves (estimates ranging from 2007-2010)'%

Grade Extractable
Location Tonnage (t) | (%REO) | REO (t) Status
Thor Lake (Lake Zone) 12,010,000 1.700 204,000 | Measured, in-pit
Hoidas Lake 2,847,000 2.000 57,000 | Measured, inferred
Strange Lake 137,639,000 0.970 1,335,000 | Measured, inferred
Thor Lake (Lake Zone) 175,930,000 1.430 2,516,000 | Measured, inferred
Thor Lake (North T) 1,136,000 0.710 8,000 | Measured, inferred
Zeus (Kipawa) 2,270,000 0.110 2,500 | Measured, inferred
Oka 210,000,000 0.127 267,000 | Unclassified (2002)
TOTAL 4,389,500

As is the case with many REE-bearing deposits worldwide, Canada’s rare earth deposits tend to
be found in remote areas that pose complex access, power, labour, waste management and
environmental challenges. Overcoming these challenges will be expensive and time-consuming;
thus, there is little prospect of Canada becoming a key producer in the global REE market over
the near term (much less of Canada replacing China). However, if China continues to restrict REE
exports, and if the US and allied governments reach a determination that REE constitute a
strategic resource and are therefore deserving of protection and/or subsidization, before long
Canadian REE producers could begin to replace China as a key supplier to the US and allied
states. Even if this should come to pass, US and Australian producers are further along in the
development process, and are likely to be online and capable of replacing reduced Chinese
production much sooner.

1% Trish Saywell, “Midland Explores Ytterby REE Project”, The Norther Miner, Vol. 96, No. 35 (18-24
October 2010), 1. [http://www.midlandexploration.com/documents/editeur/02026-
Midland%20Exploration-reprint-Oct%2018,%2010.pdf]. Accessed 3 November 2011.

166 Adapted from Long, et al., Table 11, 20-21.
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5 Assessment and Conclusion

World reserves are sufficient to meet even a vastly expanded annual demand for REE well into
the next century. The immediate problem is one of near-term monopoly and the consequent trade
and strategic advantages conferred upon China by virtue of Beijing’s successful domination of the
international rare earths market over the past two decades. China’s control of that market is a
consequence of two factors: its large, diverse and high quality REO reserves; and the advantages
enjoyed in a globalized free market by centrally-planned economies (i.e., low labour, regulatory
and environmental compliance costs). The result is a skewed international market subject to
negative pressures ranging from large and unpredictable price fluctuations to politically-
motivated embargos. The actual and potential consequences for REO consumers, and thus for
industrial and defence sectors dependent upon REO-containing products and components, are
significant, and are likely to worsen over the near term.

China’s commanding position atop the global rare earths market is likely to continue
unchallenged for some time to come. As long as China remains the predominant REE supplier,
access to and prices for rare earth oxides and metals will be largely driven by the policies set by
its central government. These policies are based on Beijing’s strategic security, economic and
industrial priorities, which are designed to ensure uninterrupted access to the resources China
needs to support continued industrial development. In the REE domain, China’s policies are
designed not only to solidify its domination of the global rare earth market, but also to consolidate
within China as much of the industry and technology for the provision of finished REE-bearing
products as possible. The creation of a two-tier pricing system, where domestic consumers (a
category that includes foreign companies operating in China) pay a relatively low price, while
foreign consumers pay that price plus export taxes and the cost of export licensing, will favour
Chinese companies and may entice foreign companies to relocate their operations to China. China
will attempt to control REE pricing as long as its policies, and foreign tolerance thereof, allow it
to do so — which is to say, as long as competitive REE producers and processors do not arise
elsewhere. China is not, of course, doing anything unprecedented or even unusual in manipulating
market forces to achieve its domestic and international goals; in other times and other
circumstances, the US, Japan, the Republic of Korea, Germany, and many other states have done
the same. The difference is that China is a strategic competitor to the US and its allies, and by
virtue of its actions and stated policies in the Asia-Pacific region, may at some point become an
adversary. Accordingly, its continued domination of an industrial sector that is, and that for the
foreseeable future will remain, critical to the security of the US and its allies, and should be a
matter of considerable strategic concern.'®’

None of this should have come as a surprise. In 1998, six years after Molycorp declined to renew
its license for mining at Mountain Pass, the same year that the Mountain Pass separation plant

17 As this paper was going to press, the US, the EU and Japan had formally asked the WTO to intervene
and settle a dispute with China over China’s export restriction policies concerning raw materials, especially
rare earths. Based on previous interventions, even if the WTO were to rule in favour of the US, EU and
Japan, there are few enforcement mechanisms available to allow redress. Sebastien Moffett and Doug
Palmer, “China’s Rare Earth Monopoly Challenge”, Financial Post, 13 March 2012.
[http://business.financialpost.com/2012/03/13/chinas-rare-earth-monopoly-challenged/]. Accessed 29
March 2012.
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closed due to regulatory problems with its wastewater disposal, Science magazine warned that the
US was “in danger of losing its longstanding leadership in many areas of REE technology.

Transfer of expertise in REE processing technology and REE applications from
the United States and Europe to Asia has allowed China to develop a major REE
industry, eclipsing all other countries in production of both ore and refined
products. The Chinese Ministry of Science and Technology recently announced a
new national basic research program. Among the first group of 15 high-priority
projects to be funded was “Basic research in rare earth materials.”'®®

The US and its allies are very much caught in a cleft stick of their own cutting. China captured the
global REE market because it was allowed to do so. The resulting damage to US and allied
national security interests is therefore entirely predictable. By and large, the single largest
consumers of REE are the automotive, chemical and wind power industries, which together
consume the lion’s share of the REE produced worldwide. The result of growing consumption —
particularly in the clean energy industry, which is being driven by the (heavily subsidized)
demand for wind turbines, hybrid electric vehicles, and low-wattage lighting — is likely to be
persistent and worsening shortages in REE and REE-containing products that are crucial to
advanced military weapons, surveillance, communication and other electronic systems.

Defence systems, however, consume only a small proportion, both in terms of cost and of
volume, of all REE materials and products produced and traded on an annual basis. The strategic
problem is that the policy responses to the looming shortages — which are being designed and
implemented in the defence and security domains — are not aligned with the principal drivers of
the shortages, which lie in the clean energy and environmental domains. In the view of the
authors, unless there are changes to the trends that have led to REE shortages — Chinese industrial
policies and practices, growing consumption as a result of the pursuit of green energy, and market
forces and regulatory burdens that have induced REE producers and consumers to relocate to
China — it may be extremely challenging for governments to rectify the situation.

While there is at present no sign of any change to China’s policies regarding REE, some of the
other trends contributing to the current shortages appear unlikely to continue indefinitely. The
clean energy sector, for example, is underperforming badly. Despite heavy government
subsidization,'® sales of hybrid vehicles in the West have been lacklustre. In the first ten months
of 2011, for example, Chevrolet sold 5,000 Volts against a year-end sales target of 10,000
units,'” and sales figures for the all-electric vehicle totalled a very small fraction (about one half
of one percent) of total sales for General Motors. This trend continued in 2012, with total US Volt
sales of less than 11,000 through July against a sales target of 45,000, leading GM to announce

1% Cited in Haxel et al., US Geological Survey Fact Sheet 087-02.

1% The base price for a Chevy Volt is approximately $40,000 before a $7,500 government rebate.
[http://townandcountry-manchester.patch.com/articles/fenton-dealership-plugs-in-new-volt-owner].
Accessed 3 November 2011.

170 Thttp://nlpc.org/stories/2011/11/02/gm-struggling-meet-chevy-volt-goal]. Accessed 3 November 2011.
Hundreds of these, incidentally, were bought by US Federal and State government agencies.
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plans to suspend Volt production in September and October in order to “match supply with
demand.”"”!

More significant, however, is the declining interest among Western governments in subsidizing
wind generation. In Britain, for example, after admitting that plans to obtain up to a third of its
electrical generation from wind turbines were not feasible, the British government began
gradually reducing subsidies for renewable energy projects, including both onshore and offshore
wind turbines.'”” The Dutch government has also decided that €4.5 billion in annual subsidies for
offshore wind power developments are unsustainable and as of January 2013 will be transferring
the full cost of wind power to consumers, effectively tripling electrical rates.'” With the
escalating worldwide financial crisis putting increasing pressure on green energy projects that
require heavy subsidization in order to be able to compete with conventional electrical generation
technology, the demand for wind turbines, outside of China at least, could begin to decline. As
magnet production accounts for 20% of all REE consumption (and roughly 76% of global
consumption of neodymium and 70% of praseodymium),'” a fall-off in demand for wind
turbines would have a significant impact on demand and therefore price for the REE required by
the permanent magnet sector. Internal to China, it would not be surprising if the central
government were to continue to subsidize wind power deployments, if only as a means of
maintaining employment in the REE mining and processing industries.

Should the US and its allies decide to offer competition to dilute or eliminate China’s de facto
REE monopoly, they have between them the expertise and the resources to do so; the only
problems are cost and time. China’s REE are cheaper and they are already available. Securing
non-Chinese supplies will likely be a lengthy and expensive process; and creating the industrial
infrastructure to turn REO into metals, alloys, and finished components and products, takes time.
Near-term shortages are probably unavoidable, and China will use the regulatory and taxation
‘taps’ to best advantage. As this paper was going to press, for example, Beijing announced a first
set of export quotas of 10,546 tonnes for 2012, similar to the 2011 quota.'”” However, as only
49% of the 2011 quota was actually subscribed, it is clear that deteriorating end-user demand is
playing at least as significant a role in depressing global REE prices as China’s quota and
regulatory policies.

The key factor in approaching the problem of REE shortages is accepting that because in most
military and civilian applications only very small quantities of REE are required, availability

! Tim Higgins, “GM Said to Halt Chevrolet Volt Production for Four Weeks”, Bloomberg.com, 28
August 2012 [http://www.bloomberg.com/news/2012-08-27/gm-said-to-halt-chevrolet-volt-production-for-
four-weeks.html].

172 [http://www.telegraph.co.uk/finance/newsbysector/energy/8700082/UK - Windpower-targets-are-
unfeasible.html]. Accessed 3 November 2011.

[http://www.guardian.co.uk/environment/201 1/oct/20/renewable-energy-subsidies-slashed?newsfeed=true].
Accessed 3 November 2011.

'73 Ivana Sekularac, “Dutch fall out of love with windmills”, Reuters (16 November 2011).
[http://www.reuters.com/article/2011/11/16/us-dutch-wind-idUSTRE7AF1JM20111116]. Accessed 21
November 2011.

174 Goonan, Tables 1 and 2.

175 “China releases first batch of rare earth export quotas in 2012”, India Infoline, 3 January 2012.
[http://www.indiainfoline.com/Markets/News/China-Releases-First-Batch-Of-Rare-Earth-Export-Quotas-
In-2012/4095710388]. Accessed 3 January 2012.
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tends to be more important than price. The REE market is thus vulnerable to monopolization,
enabling the monopolist to drive out of business any private company that tries to compete by the
simple expedient of opening the tap a little wider. The same argument applies to REE as to oil; if
the rare earths are truly a “critical strategic material,” then cost is less important than availability,
and government intervention in the market may be justified in order to secure access to stable
supplies.

Until domestic or allied sources of supply, or alternative non-REE-dependent technologies, are
developed and operational, China’s ability to limit or even deny access to the REO, rare earth
metals, and finished REE-bearing components required by advanced US defence systems poses a
threat to key military capabilities of the US and its key Western and Asian allies. Given Beijing’s
ability to manipulate market forces to its advantage, there is no means of compelling China to
provide access to these critical strategic materials; thus, there is no near-term alternative for the
US and its allies to developing, as rapidly as possible, domestic sources of defence-critical rare
earths. This could necessitate market intervention in the form of subsidies, regulatory exemptions,
and price and purchase guarantees.

Even if the US and its allies were to act immediately to create sustainable domestic sources of
supply for REE, the strategic problem is likely to worsen before it improves. Subsidizing the
creation virtually from nothing of a complex and highly-specialized primary industry is
expensive, especially as the ability of governments to guarantee markets for niche resources is
limited at best. As noted above, the US military accounts for less than 10% of America’s REE
consumption, and it may be something of a stretch to expect taxpayers to subsidize the other 90%
of domestic rare earth consumption as well. Intellectual property rights are also an issue. The
patents on NdFeB magnet production techniques held by Hitachi do not begin to expire until
2014, and it would be problematic to attempt to convince companies to begin producing
components unless and until they are in a position to use the best technology available. Magnet
production — one of the key strategic sectors justifying an expensive intrusion by governments
into the rare earths market — would have to commence under commercial license or not at all,
which would give China at least three more years to consolidate its grip on the rare earth magnet
market.

During the period of vulnerability between initial financial outlays and productivity leading to
return on investments, new rare earth mining, processing and manufacturing concerns would be
vulnerable to price shocks. With its near-total monopoly on REO production and its growing
monopoly on the production of metals, alloys and REE-bearing end products, China will be in a
position to pose significant market challenges by manipulating global supplies and therefore
prices. Preventing such interference from undermining the development of the domestic rare
earths industries identified as critical to national security may require a long-term and potentially
costly commitment by governments to policies designed to insulate domestic rare earths
producerls7,6 processors and consumers from market fluctuations, whether natural or artificially
induced.

The re-start of REE production at Mountain Pass offers a case study in the complexities involved
in the rare earths market. When Molycorp launched its IPO in 2010, at the height of the rare
earths panic, shares were snapped up quickly, raising $379 million against anticipated start-up

176 Martin, 24.
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costs of approximately $1 billion. Molycorp stock reached its peak ($77 per share) in May of that
year. The stock price subsequently collapsed, falling to $29.22 by 9 December 2011, a 62% drop
in little over a year. The plunge was the result of four of the evolving factors described in this
paper. First, as noted above, demand for rare earths has declined over the past year, a consequence
of the recession. Second, while the major ore body at Mountain Pass contains significant
proportions of cerium and lanthanum (totalling 82% of the Mountain Pass ores), the company
suffers from the fact that the highest (and fastest-growing) demand and prices are for the magnet
elements neodymium (of which the Mountain Pass ores contain 12%), praseodymium (4.3%),
dysprosium (0.0%) and terbium (0.0%), and for critical phosphors like yttrium (0.1%) and
europium (0.1%)(see Annex A). Consequently, Mountain Pass is not ideally placed to replace the
part of Chinese exports restricted due to Beijing’s regulatory action.'”” Molycorp’s Project
Phoenix, which began operations at Mountain Pass in August 2012, has restarted production at
the facility, a welcome development; but the production of rare earth metals and alloys in large
quantities, at Mountain Pass and elsewhere, will be necessary to replace the exports restricted by
China, or to entice manufacturers, especially those that produce rare earth magnets, back from
China.

Third, rare earth prices have, as a result of China’s regulatory actions and the subsequent
scramble to develop new supplies, demonstrated extreme price volatility (even by the standards of
the volatile rare earths market). After skyrocketing to record prices in June of 2011, cerium oxide
and lanthanum oxide, the mine’s two key products (constituting 81% of its output), dropped in
price by 33% and 18% respectively, leading industry experts to speculate about a potential “rare
earths bubble.” The key problem, however, seems to be the delay in passage of legislation aimed
at recognizing the REE as critical to US national security. Molycorp’s investors argue that
“Politically, the whole industry is now on the radar of government as being strategically
important,”'”® but being “on the radar” is not enough. There are nine bills aimed at supporting the
resurgence of America’s rare earths industry currently pending or awaiting introduction in
Congress, and investors — and Molycorp — are banking on passage to support the corporation’s
productivity and its aim of producing rare earths for less than half the cost of Chinese products.
But the bills have not advanced due to Congressional gridlock.

In his testimony to Congress last year, Robert Strahs of Arnold Magnet Technologies argued that
tens of thousands of jobs could be created by restarting the US rare earths industry. Such a restart,
he suggested, would require four prerequisites: (1) obtaining the intellectual property rights to
produce NdFeB magnets under license; (2) halting the illegal importation of such magnets
entering the US “either within products or as magnets”; (3) including rare earth magnets in “Buy
American” legislation; and (4) grants and loan guarantees to rare earth producers, consumers and
manufacturers.'” His testimony was, in effect, a plea in the name of national security for serious
government intervention in the rare earth market in the form of patent acquisition, a crackdown
on gray transactions, increased economic and industrial protectionism, and the provision of
taxpayer-funded financial guarantees. While in a time of severe financial crisis such measures
may seem ill-advised, if access to stable supplies of rare earths is indeed a matter of critical

"7 The company has reported finding another deposit with higher concentrations of HREE, but no details
have been released to date.

178 Richard Martin, “Molycorp’s $1 billion rare-earth gamble”, CNN, (18 November 2011).
[http://features.blogs.fortune.cnn.com/2011/11/18/molycorps- 1-billion-rare-earth-gamble/]. Accessed 21
November 2011.

17 Strahs, 3.
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strategic importance to the US and its allies, then governments in Washington and elsewhere may
need to consider intervention in the interest of creating viable, stable domestic alternatives to
China’s near-total domination of the global rare earths market.
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List of Acronyms

AGM

C/IED

CCP

CD

CFL

CHPS

DDG

DOD

DOE

DSTL

DVD

FYP

GAO

GWMG

H.R.

HREE

IED

JAMSTEC

JDAM

JOGMEC

JSF

LED

Air-to-Ground Missile

Counter-IED

Chinese Communist Party

Compact Disc

Compact Fluorescent Light-bulbs
Combined Hybrid Power System
Guided missile destroyer

Department of Defense (US)
Department of Energy (US)

Developing Sciences and Technology List
Digital Video Disc

Five-Year Plan (China)

Government Accounting Office (US)
Great Western Minerals Group (Canada)
House Resolution (US Congress)

‘Heavy’ Rare Earth Elements (terbium, dysprosium, holmium, erbium,
thulium, ytterbium, lutetium, and, by convention, yttrium)

Improvised Explosive Device

Japan Agency of Marine-Earth Science and Technology (Japan)
Joint Direct Attack Munition

Japan Oil, Gas and Metals National Corporation (Japan)

Joint Strike Fighter

Light-Emitting Diode
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LI Lithium-Ion (batteries)

LREE ‘Light’ Rare Earth Elements (lanthanum, cerium, praseodymium, neodymium,
promethium, samarium, europium, gadolinium)

MIIT Ministry of Industry Information and Technology (China)

MLP The National Medium- and Long-Term Plan for the Development of Science
and Technology (2006-2020) (China)

MOC Ministry of Commerce (China)
NATO North Atlantic Treaty Organizations
NdFeB Neodymium-Iron-Boron (magnets)
NiMH Nickel-Metal Hydride (batteries)
OPEC Organzation of Petroleum-Exporting Countries
RARE US Association for Rare Earth

REE Rare Earth Element(s)

REO Rare Earth Oxide(s)

RMB Renminbi

SmCo Samarium-Cobalt (magnets)

SOE State-Owned Enterprises (China)
SPY-1 Phased-array missile guidance radar
UAV Unmanned Aerial Vehicle

USD US dollars

USGS United States Geological Survey
VAT Value-Added Tax

YAG Yttrium Aluminum Garnet (lasers)
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