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Executive summary

Although raw materials are essential for the EU economy, their availability is
increasingly under pressure. Within the framework of the EU Raw Materials Initiative, it
was decided to identify a list of critical raw materials at EU level, in close cooperation
with Member States and stakeholders. The attached report presents the outcome of
this cooperation achieved through an expert working group ("the Group") which was
active between April 2009 and June 2010 under the umbrella of the Raw Materials
Supply Group.

With regards to geological availability, the Group observes that, as geological scarcity
is not considered as an issue for determining criticality of raw materials within the
considered time horizon of the study, e.g. ten years, global reserve figures are not
reliable indicators of long term availability.

Of greater relevant are changes in the geopolitical-economic framework that impact on
the supply and demand of raw materials. These changes relate to the growing demand
for raw materials, which in turn is driven by the growth of developing economies and
new emerging technologies. Moreover, many emerging economies are pursuing
industrial development strategies by means of ftrade, taxation and investment
instruments aimed at reserving their resource base for their exclusive use. This trend
has become apparent through an increasing number of government measures such as
export taxes, quotas, subsidies etc. In some cases, the situation is further compounded
by a high level of concentration of the production in a few countries.

This report analyses a selection of 41 minerals and metals. In line with other studies,
the report puts forward a relative concept of criticality. This means that raw material is
labelled “critical” when the risks of supply shortage and their impacts on the economy
are higher compared with most of the other raw materials. Two types of risks are
considered: a) the "supply risk" taking into account the political-economic stability of the
producing countries, the level of concentration of production, the potential for
substitution and the recycling rate; and b) the "environmental country risk" assessing
the risks that measures might be taken by countries with weak environmental
performance in order to protect the environment and, in doing so, endanger the supply
of raw materials to the EU. Building on existing approaches, this report sets out an
innovative and pragmatic approach to determining criticality.

In particular,

o It takes into account the substitutability between materials, i.e. the potential for
substitution of a restricted raw material by another that does not face similar
restrictions.

o It deals with primary and secondary raw materials, the latter being considered
as similar to an indigenous European resource.

o0 It introduces a logical way to aggregate indicators and makes use of widely-
recognised indexes.
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0 It presents a transparent methodology.

Based on a criticality methodology, calculations are made regarding the economic
importance and supply risk of the 41 materials.
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The Group considers that those 14 raw materials falling within the top right cluster of
the above diagram are critical. As noted, this is due to their high relative economic
importance and to high relative supply risk. The 'environmental country risk' metric
does not change this list of critical materials.

List of critical raw materials at EU level (in alphabetical order):

Antimony Indium
Beryllium Magnesium
Cobalt Niobium
Fluorspar PGMs (Platinum Group Metals)’
Gallium Rare earths?
Germanium Tantalum
Graphite Tungsten

! The Platinum Group Metals (PGMs) regroups platinum, palladium, iridium, rhodium, ruthenium and osmium.

2 Rare earths include yttrium, scandium, and the so-called lanthanides (lanthanum, cerium, praseodymium,
neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium,
ytterbium and lutetium)
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For the critical raw materials, their high supply risk is mainly due to the fact that a high
share of the worldwide production comes from China (antimony, fluorspar, gallium,
germanium, graphite, indium, magnesium, rare earths, tungsten), Russia (PGM), the
Democratic Republic of Congo (cobalt, tantalum) and Brazil (niobium and tantalum).
This production concentration, in many cases, is compounded by low substitutability
and low recycling rates.

Concerning the materials positioned in the sub-cluster in the lower right corner, it has to
be stressed that a small shift in one of the parameters of the supply risk metric may
result in a sudden change upwards. In order words, a slight change in the underlying
variables may result in one of these materials being reclassified as 'critical'. For several
of the materials positioned in the sub-cluster in the lower left corner, notably the
industrial minerals, the group considers that possible supply risks may occur within a
longer time horizon should 'competition to land' continue to adversely affect production
from quarries or mines in the EU.

One of the most powerful forces influencing the economic importance of raw materials
in the future is technological change. In many cases, their rapid diffusion can drastically
increase the demand for certain raw materials. Based on a study commissioned by the
German Federal Ministry of Economics and Technology, the demand from driving
emerging technologies is expected to evolve sometimes very rapidly by 2030.

Global demand of the emerging technologies analysed for raw materials in 2006 and
2030 related to today’s total world production of the specific raw material (Updated by
BGR April 2010).

Demand from Demand from ;

Raw material Production emerging emerging Indicator’ | Indicator’

2006 (t) technologies technologies 2006 2030

2006 (t) 2030 (1)

Gallium 152 28 603 0,18 3,97
Indium 581 234 1.911 0,40 3,29
Germanium 100 28 220 0,28 2,20
Neodymium (rare 16.800 4.000 27.900 0,23 1,66
earth)
Platinum (PGM) 255 very small 345 0 1,35
Tantalum 1.384 551 1.410 0,40 1,02
Silver 19.051 5.342 15.823 0,28 0,83
Cobalt 62.279 12.820 26.860 0,21 0,43
Palladium (PGM) 267 23 77 0,09 0,29
Titanium 7.211.000 2 15.397 58.148 0,08 0,29
Copper 15.093.000 1.410.000 3.696.070 0,09 0,24

' The indicator measures the share of the demand resulting from driving emerging technologies in total today's
demand of each raw material in 2006 and 2030;

2
Ore concentrate
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The main driving emerging technologies for the critical raw materials are the following:

Raw material

Emerging technologies (selected)

Antimony

Cobalt

Gallium
Germanium
Indium

Platinum (PGM)
Palladium (PGM)
Niobium

Neodymium (rare
earth)

Tantalum

ATO, micro capacitors

Lithium-ion batteries, synthetic fuels
Thin layer photovoltaics, IC, WLED
Fibre optic cable, IR optical technologies
Displays, thin layer photovoltaics

Fuel cells, catalysts

Catalysts, seawater desalination

Micro capacitors, ferroalloys

Permanent magnets, laser technology

Micro capacitors, medical technology

Recommendations

The recommendations are of two types: recommendations for follow-up and further
support, and policy-oriented recommendations to secure access to and material
efficiency of critical raw materials. The Group refrains from specifying detailed actions,
but instead indicates areas where measures should be undertaken.

The Group recommends that the list of EU critical raw materials should be updated every 5
years and that the scope of the criticality assessment should be increased.

The Group recommends that steps be taken to:

e improve the availability of reliable, consistent statistical information in relation to raw
materials;

e promote the dissemination of this information, notably by preparing a European Raw
Materials Yearbook with the involvement of national geological surveys and
mining/processing industries. It should focus on improving the knowledge on the availability
of resources and on their flow into products through the value-added chains of the EU
economies;

e establish indicators of competition to land in the Member States;

e encourage more research into life-cycle assessments for raw materials and their products
on a “cradle-to-grave” basis;

e create a working group(s) to further analyse the impact of emerging technologies on
demand of raw materials.

The Group recommends that a sub-group of the Raw Material Supply Group of the European
Commission should be set up to ensure follow-up of this report on critical raw materials.

The Group recommends policy actions to improve access to primary resources aiming at:

e supporting the findings and recommendations resulting from the work carried out by the ad
hoc working group on "Best practices in the area of land use planning and permitting" with a
view to securing better access to land, fair treatment of extraction with other competing land
uses and to developing a more streamlined permitting processes;
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e promoting exploration, and ensuring that exploration by companies is regarded as research
activity;

e promoting research on mineral processing, extraction from old mine dumps, mineral
extraction from deep deposits, and mineral exploration in general, notably under EU RTD
Framework Programmes;

e promoting good governance, capacity-building and transparency in relation to the extractive
industries in developing countries, notably in the area of critical raw materials;

e promoting sustainable exploration and extraction within and outside of the EU.

The Group recommends that the following policy actions, with regard to trade and investment as

defined in the trade raw materials strategy, be pursued:

e maintain current EU policy choices in the negotiation of bilateral and regional trade
agreements;

e consider the merits of pursuing dispute settlement initiatives at WTO level so as to include
in such initiatives more raw materials important for the EU industry; such actions may give
rise to important case law so long as existing GATT rules lack clarity and are limited in
scope;

e engage without reservation in consultations with third countries whose policies are causing
distortions on international raw materials markets in order to discourage certain policy
measures and to request adherence with market forces;

o foster an effective exchange-of-views on certain policies made within the institutional
framework of EU economic cooperation agreements (e.g. with China on the latter country’s
NFM recycling plan to year 2015);

e continue to raise awareness on the economic impact of export restrictions on developing
and developed countries in various multilateral fora, such as WTO or the OECD;

e consider shaping a new EU-wide policy on foreign investment agreements in such a
manner as to better protect EU investments in raw materials abroad and ensure a level
playing-field with other foreign investors who benefit from the backing of State funds;

e continue to increase coherence of EU policy with respect to raw materials supply, for
example in the assessment of injurious dumping and subsidies.

The Group recommends that policy actions are undertaken to make recycling of raw materials

or raw material-containing products more efficient, in particular by:

e mobilising End of Life products with critical raw materials for proper collection instead of
stockpiling them in households (hibernating) or discarding them into landfill or incineration;

e improving overall organisation, logistics and efficiency of recycling chains focus on
interfaces and system approach;

e preventing illegal exports of EoL products containing critical raw materials and increasing
transparency in flow;

e promoting research on system optimisation and recycling of technically-challenging
products and substances.

The Group recommends that substitution should be encouraged, notably by promoting research
on substitutes for critical raw materials in different applications and to increase opportunities
under EU RTD Framework Programmes.

The Group recommends that the overall material efficiency of critical raw materials should be
achieved by the combination of two fundamental measures:

e by minimising the raw material used to obtain a specific product function;
this covers every step from smart production with metals and minerals savings to
substitution of potentially critical raw materials by less critical ones;
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e by minimising raw material losses into residues from where they cannot be economically-
recovered.

The measures should be evaluated with regard to impacts on environmental and economic

performance over the entire value chain.
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1. INTRODUCTION

Raw materials are essential for the efficient functioning of Europe’s economy.
However, whereas the importance of oil and gas has often been highlighted, the
essential role of non-energy materials such as minerals and metals has not received
equal attention.

Yet industrial minerals are indispensable for a wide range of downstream industries.
Most people are usually not aware that feldspar is used in the production of television
and computer screens, car headlamps, and soda bottles; silica is used in products
such as tableware, ornaments and wall and floor tiles; while speciality talc can be used
to improve the performance of biological wastewater treatment plants.

Metals are also essential to modern industrial activity as well as to the infrastructure
and products used in daily-life. For instance, copper and aluminium are used in cables
that transport electrical power over great distances to the most remote locations, and
zinc protects the steel infrastructure that supports them under all weather conditions.
Moreover, high tech metals are indispensable ingredients for the development of
technologically sophisticated products. Modern cars, flat-screen televisions, mobile
phones and countless other products rely on a range of materials, such as antimony,
cobalt, lithium, tantalum, tungsten and molybdenum. The same group of high-tech
metals are also fundamental to new environmentally friendly products, with electric cars
requiring lithium and neodymium, car catalysts platinum, solar panels requiring indium,
gallium, selenium and tellurium, energy efficient high-speed trains requiring cobalt and
samarium, and new fuel-efficient aircraft rhenium alloys.

All these minerals and metals are present everywhere in the fabric of society today

Figure 1: Everyday’s uses of minerals and metals. Source: Peer R. Neeb, 2006.

Peer R. Neeb 2010
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Securing reliable and undistorted access to non-energy raw materials has become a
critical challenge to many resource-dependent countries all over the world.
Industrialised regions like the EU, US and Japan, have explicitly recognised the
challenges which the availability of certain raw materials may pose for the functioning
of their economies. Their assessments help their governments to take appropriate
steps in mitigating supply restrictions and specific actions such as stockpiling.

Europe is in a particularly vulnerable position.

On the one hand, Europe is highly dependent on imports for many raw materials which
are increasingly affected by growing demand pressure from emerging economies and
by an increasing number of national policy measures that disrupt the normal operation
of global markets. Moreover, the production of many materials is concentrated in a
small number of countries, e.g. more than 90% of rare earths and antimony, and more
than 75% of germanium and tungsten are produced in China, or 90% of niobium in
Brazil and 77% of platinum in South-Africa. In addition, high tech metals are often by-
products of mining and processing major industrial metals, such as copper, zinc and
aluminium, which means that their availability is largely determined by the availability of
the main product. Besides, due to its low elasticity (e.g. it takes 9 to 25 years to
develop a large copper project), mine production cannot adapt quickly to meet
structural changes in the demand pattern. This increases the risk of the occurrence of
crises, such as the rush for tantalum in 2000 due to the boom of mobile phones.

On the other hand, while the EU still has valuable deposits and much under-explored
and unexplored geological potential, their exploration and extraction faces increased
competition for different land uses and is required to take place in a highly regulated
environment. It is for example not unusual in the EU for 8 to 10 years to elapse
between the discovery of deposits and the start of actual production. Member States
are increasingly aware of these challenges for instance Sweden has modernised its
mining legislation and introduced lead times in the permitting process. At the same
time, a significant opportunity exists for securing material supplies by improving
material efficiency and recycling.

In order to address these complex and interrelated challenges, the European
Commission has launched an integrated strategy in November 2008: the EU Raw
Materials Initiative. It encompasses measures in three areas to secure sustainable
access from outside Europe, improving framework conditions for extracting minerals
within Europe, and promoting the recycling and resource efficiency of such materials.

One priority action of the Initiative is to identify a common list of critical non-energy raw
materials at EU level, in close cooperation with Member States and stakeholders.
Some Member States® have already carried out assessments with the aim of
determining how critical some materials are to their economy, but up until now there
has been no comprehensive study at the European level.

% Some references are included in annex 8 of Commission Staff Working Document SEC (2008)
2741 of 4 November 2008.
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In order to facilitate this process, an ad hoc group, hereafter called the Group, was
created under the umbrella of the Raw Materials Supply Group* in April 2009. The
Group consisted of a mix of experts from national ministries, geological surveys,
extractive and downstream industries, and other stakeholders (see annex IV for list of
names). The Group was tasked with assisting the Commission in defining critical raw
materials at EU level.

The objective of the work was to develop a methodology to assess criticality and then
apply this methodology to a selection of raw materials. The work was facilitated by
technical input by the Fraunhofer ISI and Bio Intelligence. This report describes the
methodological approach that was developed, as well as the results of applying this
approach to selected raw materials. It concludes with a series of recommendations.

As such, this Report provides an important stakeholder input in preparation for the
Communication that the Commission will deliver to the Council on the implementation
of the Raw Materials Initiative by the end of 2010.

* The Raw Materials Supply Group is an expert group with a long standing history. It is chaired
by Enterprise and Industry DG, and comprises representatives from Member States, industry
and other stakeholders.
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2. ASSESSING CRITICALITY

2.1 Geological and technical availability

The geology of the Earth is extremely heterogeneous and thus mineral deposits are
unequally distributed across borders. The mineral wealth of a country, the geological
availability, is therefore predetermined by nature, although the actual use of this wealth
depends on the attractiveness for economic activity within a political and social
framework. Given that only a few percent of the Earth’s surface and subsurface have
been explored in detail, the potential for discovering new mineral deposits is vast and
the geological availability is indefinite. In such a context, the main issue concerns
exploration and technological developments that will allow for a sustainable exploitation
of resources, rather than geological scarcity.

2.1.1 Key terms and definitions

In order to support sound policy and investment decisions, forecasts of mineral
availability must be based on clear, unambiguous and, wherever possible,
standardised terminology. The most important key terms are defined below:

A mineral deposit is any accumulation of a mineral or a group of minerals that may be
economically valuable. The value of a deposit depends on how much mineral there is
available, what it costs to mine and process, either locally or internationally, its current
and future market price, and the political and social framework to access such
deposits.

Mineral deposits occur only at those locations where geological processes have
concentrated specific minerals in sufficient quantities to be potentially mined.
Consequently, unlike most other forms of development such as homes, commercial
areas, farmland, roads and other infrastructure, the possible sites for a mine or quarry
are tied to a particular location and restricted to a few, relatively small areas.

The key concepts of reserves and resources are often confused and used
inconsistently, with little or no appreciation of the important differences between them:

e a ‘mineral reserve’ is the part of the resource which has been fully geologically
evaluated and is commercially and legally mineable. Reserves may be
regarded as ‘working inventories’, which are continually revised in the light of
various ‘modifying factors’ related to mining, metallurgy, economics, marketing,
law, the environment, communities, government, etc.

e the ‘reserve base” includes the 'mineral reserve' plus those parts of the
resources that have a reasonable potential for becoming economically available
within planning horizons beyond those that assume proven technology and
current economics. It has been a widely utilised concept. However publication
of reserve base estimates was discontinued in 2010°.

®In addition, the term ‘resource base’ has been used in literature - this is the total amount of the
mineral commodity contained in the earth’s crust.
® USGS Mineral Commodity Summaries 2010
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e a ‘mineral resource’ regroups all identified resources. It is a natural
concentration of minerals or a body of rock that is, or may become, of potential
economic interest as a basis for the extraction of a mineral commodity. A
resource has physical and/or chemical properties that makes it suitable for
specific uses and it is present in sufficient quantity to be of intrinsic economic
interest. It encompasses 'mineral reserve' and 'reserve base' plus other
identified resources which could be exploited in the future if required according
to the economic situation.

For the purpose of this study, the concept of mineral reserve is the most relevant. It is
mineral reserves rather than resources that are actually mined.

However, it is important to note that identified resources do not represent all mineral
resources available on earth. Some resources are undiscovered. They comprise’:

e ‘hypothetical resources’, which are similar to known mineral bodies and that
may be reasonably expected to exist in the same producing district or region
under analogous geological conditions;

e or ‘speculative resources’, which may occur either in known types of deposits in
favourable geological settings where mineral discoveries have not been made,
or in types of deposits as yet unrecognized for their economic potential.

As illustrated schematically in figure 2 the undiscovered resources and identified
resources, including reserve and reserve base, represent very different quantities of a
mineral with associated major differences in the likelihood of their economic extraction®.

Figure 2 Schematic illustration of the relative size of key terms used in resource and reserve
estimation (not to scale). Source: BGR

Undiscovered

Resources

identified undiscovered

" USGS Mineral Commodity Summaries 2010

8 It should be noted that more complex resource/reserve classification schemes, including
heavily qualified and detailed definitions, are used in various codes for the corporate reporting
of reserves in major mining countries. Adherence to a code of this type, such as the JORC
Code in Australia and the SME Code in the US, ensures full and transparent disclosure of all
material facts and is obligatory for stock market listing in the host country.
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2.1.2 Geological availability

Given the scale of global demand for mineral raw materials it is important to consider
whether adequate resources of minerals and metals are present in the Earth’s crust
and technically available to meet our future needs. Increased recycling, improved
material efficiency and demand management will play important roles, but for the
foreseeable future it is likely that new stocks of ‘virgin’ raw materials within and outside
the EU will continue to be required.

The uncertainties associated with resource estimates are very large. Nevertheless over
the past the reserves have been constantly replenished from undiscovered and
identified resources. As a consequence, over the past 50 years, the extractive
industries sector has succeeded in meeting global demand and the calculated life time
of reserves and resources has continually been extended further into the future (figure
3). This is the result of normal economic behaviour. Mining companies normally only
invest what they require for their short-term needs to prove reserves and thus to justify
commercial investment decisions over a period of, say, 20 years. They don't
necessarily aim at proving the full ore body. There is no indication that the extractive
industry would fail to continue to maintain this record.

It can thus be concluded that published reserve figures do not reflect the total amount
of mineral potentially available and compilation of global reserve figures are not reliable
indicators of long-term availability. Estimates of ‘reserves’, ‘reserve base’ and
‘resources’ , and the static life time of mineral raw materials calculated from them,
should not be used in the assessment of future mineral availability as they are highly
likely to give rise to erroneous conclusions. The Group considered that geological
scarcity is not an issue for determining the criticality of raw materials in the time horizon
considered in this study.

Figure 3: Calculated static life time of mineral reserves and the reserve base for copper, nickel,
cobalt and indium (y = years; t = tonnes). Source: BGR. Data for reserves and the reserve base
are from the USGS.
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By-products and coupled production of metals

Some metals face specific supply challenges since they are derived as “by-products” or
“coupled products”, mostly from ores of major or “carrier” metals in which they are
present in low concentrations (Figure 4). Typical by-product metals are germanium,
gallium, selenium, tellurium and indium, which are normally extracted in addition to the
carrier metal. For example, gallium is found in bauxite (aluminium ores), germanium
and indium typically with zinc, and tellurium with copper and lead ores; rare earths can
be found within iron ore. Rhenium is special as it is produced as a by-product from
molybdenum, which in itself is a by-product of copper. The economic driver for mining
here is clearly the major metal. However, by-product metals can generate additional
revenue, if they can be extracted economically; in some cases, however, they are
regarded as impurities that drive up production costs.

In some deposits groups of minor metals may occur as “coupled elements” without a
real carrier metal. Notable examples include the platinum group metals (PGMs), rare
earth elements (REE), and tantalum-niobium which generally have to be mined and
processed together. However, some metals normally produced as by-products may
also be mined as target metals on their own if they occur in elevated
concentrations (e.g. cobalt, bismuth, molybdenum, gold, silver, PGMs and tantalum).

Supply of by-products or coupled products could be at risk if the volume mined does
not meet a change in market demand. For example, it would not be economic to raise
zinc production just to meet an increase in germanium demand. Therefore, metals
normally produced as by-products or coupled products have highly complex
demand/supply, technology and investments requirements, and price patterns which
need to be considered in future market analyses®.

As with by-products and coupled production of metals, industrial minerals face specific
supply challenges as some are produced and traded as specialities. For example,
barite and limestone of high grade and whiteness are highly specialised fillers for the
paint and paper industry, special bentonites are used for foundry sands as absorbers
or as rheology modifiers in the form of organoclays or in the production of
nanocomposite polymer materials, acid grade fluorspar has to meet a certain grade
and purity criteria, and wollastonite of acicular type (silica sand) has special
applications in plastics, rubber or in pigments. Today, each of these materials is high
tech products. Customers not only need a reliable source, but also a continuing high
and equal quality of the products with some deposits reaching their limitations. The
supplier base for such products is in many cases highly concentrated.

° Hagelliken and Meskers, 2010
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Figure 4. The metal wheel (after Reuter et al. (2005) and Verhoef et al. (2004), with
permission of A.M. Reuter)
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2.1.3 Technological development

The key driver that has enabled supply to keep up with demand in the past, has
actually been the technological progress in exploring, mining and processing mineral
raw materials.

Current reserves represent only a small portion of the mineral resources remaining in
the earth’s crust. Additional reserves are continually identified at existing mines and
known deposits, and through the discovery of previously unknown deposits. Such
deposits may occur in frontier areas, such as the seafloor, deserts, extreme depth, the
arctic region or even in terrains previously regarded as unprospective. Completely new
deposit styles may be recognised thus opening up new exploration potential in such
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terrains. For example, the class of deposits known as epithermal precious and base
metal deposits, which were unknown before the 1970s, now contributes to global
precious metal reserves.

Even the discovery of a single new deposit may have a major impact on global
reserves and production of a number of commodities. For example, the Bayan Obo
deposit accounts for the majority of China’'s 31 % share of the world’s rare earths
reserves.

It is also significant to note that in most parts of the world exploration drilling seldom
exceeds 200 m in depth, although it may extend to 500 m in established mining
districts. Also most mineral deposits worked at present are close to the surface, with
the deepest open-pit mine less than a kilometre deep and the deepest underground
mine about 4 km deep. Given that the continental crust averages about 35 km in
thickness it is clear that there is enormous potential for the discovery of buried mineral
deposits. New developments in exploration and mining technology and their application
in new terrains and at greater depths are therefore critical for ensuring the technical
availability of mineral raw materials.

In addition to new discoveries, technological advances throughout the remainder of the
mineral commodity life cycle (processing, manufacturing, recycling and substitution)
also have important roles to play. More efficient processing methods enabling improved
yields on by-products in particular can have a highly significant impact on future
availability of certain metals such as gallium or germanium. Also, more efficient use of
resources and recycling can be very effective in supplementing existing reserves.
However, mining will continue to be the main basis of supply in the future because of
the structural growth of usages, growth of population and global demand.
Consequently (BRGM) is most important to strengthen the geological knowledge base
to locate new deposits as well as frame conditions for efficient recycling and global
political and economic framework under which the extractive sector operates, and thus
to ensure it performs effectively and in a sustainable manner.

2.1.4 Geopolitical-economic availability

On the basis of the above-mentioned arguments, there seem to be no grounds to
justify some of the alarmist forecasts published in recent years that suggest supplies of
some raw materials will soon be wholly depleted.

Rather than a static view of geological availability, it is proposed to adhere to a more
dynamic model. Such a dynamic model should not only take into consideration the
general trends in reserves and technological developments. It should also consider
changes in the geopolitical-economic framework that impact on supply and demand of
raw materials.

From the beginning of the century, there has been an unprecedented surge in demand,
mainly driven by the strong and continuous growth of emerging economies. While the
effects of the financial crisis in 2008 led to a temporary slow down of growth, it is
expected to resume more quickly in the emerging countries which will therefore
maintain high pressure on raw materials demand. This situation is in some cases
compounded by a high level of concentration at the level of producing countries, as
highlighted in section 1.
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Moreover, many emerging economies are pursuing industrial strategies by means of
trade, taxation and investment policies aimed at reserving their resource base for their
exclusive use. This has become increasingly apparent during the past decade with the
mushrooming of a variety of government measures. Some of these measures are at
odds with commitments taken by these countries under international trade agreements,
such as WTO commitments. Export taxes, quotas, subsidies, price-fixing or restrictive
investment rules are distorting international trade and investment in an increasing
number of raw materials markets. An indication of specific export restrictions is
highlighted in the individual profiles for the raw materials assessed in this study. These
are selected from a Commission inventory of export restrictions applied on raw
mateqioals by third countries, which was started in 2007 and is updated on a yearly
basis ™.

Case study: the WTO case against Chinese export restrictions

China applies export restrictions — including quotas and export duties — on a series of key raw
materials. Because of the especially strong position of China as a supplier of these materials,
the imposed restrictions not only increase global prices for these materials but they also distort
worldwide competition for the downstream industries. Indeed, industries processing these
materials in China have access to cheaper inputs than their competitors abroad, including EU
industries, which amounts to an artificial subsidisation of the domestic industry. This distorts the
level playing field that can be legitimately expected among WTO members.

The EU has raised its concern about these restrictions with China over the years in all the
various bilateral forums available, be they technical or high level. Unfortunately, these efforts
have not been met by any engagement or even reaction from the side of China. In reaction to
this the EU, together with Mexico and the U.S., requested formal WTO consultations on 23 June
2009. Since these discussions did not lead to an amicable solution, a request was made on 21
December 2009 for the establishment of a dispute settlement panel at the WTO.

This panel request focuses on a batch of products including yellow phosphorous, bauxite, coke,
fluorspar, magnesium, manganese, silicon metal, silicon carbide and zinc.

The measures in place — quotas, export duties and minimum export prices — appear to be in
violation not only of general WTO rules, but also of specific commitments that China signed up
to, as part of its WTO Accession Protocol. This sets out either prohibitions of recourse to export
taxes or establishes strict caps on a limited number of products, all of which have been broken.
Export quotas without justification are prohibited under Article XI of GATT. China has similarly
failed to notify many of its export quotas to the WTO, despite its firm commitment to do so.

Although the geological availability of most mineral resources is potentially high the
impact on the environment, energy demand and costs of exploiting lower grade ores,
mining from greater depths and in geographically more challenging locations must not
be overlooked. Providing long term access to the available mineral resources therefore
requires more focus on sustainable mining, both on research for environmentally sound
mining and processing technology, as well as on the social and economic aspects of

% |n its current version the export restrictions database covers 19 countries including Algeria, Argentina,
Brazil, China, Egypt, India, Indonesia, Kazakhstan, Russia, South Africa, Thailand and Ukraine. It is
important to note that it represents the Commission's knowledge of the situation as of November 2009
and does not offer any guarantee of completeness. Moreover, thisinventory is purely factual and does not
presume of the legitimacy nor of the legality (particularly WTO-wise) of any of the referenced measures.
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mining. To counteract the steady increase in global demand for primary mineral
resources and to reduce the negative societal impacts associated with meeting this
demand, it is necessary to recycle materials more widely and more effectively, to
increase material efficiency in manufacturing processes and to search for new
substitute raw materials through technological innovations.

2.2 Scope
2.2.1 Geographical coverage

This is the first time that the criticality of raw materials has been analysed at the
European Union level. However, in recent years different criticality assessments have
been carried out at the level of Member States, such as Austria, France, Germany and
the UK, which are referred to in annex 8 of the Communication on the Raw Materials
Initiative.

These different criticality assessments use varying criteria and adopt varying time
perspectives. The data sources and means of aggregating information to determine
criticality also vary. As a result, the different methodologies have delivered different
outcomes in relation to the criticality of particular non-energy raw materials. The
diverse outcomes will also arise from national differences in the importance of
manufacturing industries reliant on specific materials, on the technologies in place
which affect substitutability and on national recycling rates. Hence, it is very likely that
the identification of critical raw materials may differ according to the geographical
coverage. An example of this relates to sand and gravel and crushed rock
(“aggregates”). The EU is largely self-sufficient in aggregates. However, the availability
of aggregates from regional and local sources is essential for economic development,
in view of logistical constraints and transports. This could lead to the situation whereby
the supply of aggregates could be identified as critical to the economy of a specific
region or country in the EU, but not necessarily at the overall European level.

Case study: aggregates

Europe currently needs some 3 billion tonnes of aggregates (crushed stone, sand and gravel) a
year, equivalent to over 6 tonnes per capita. Aggregates are an essential ingredient of the key
building components that make up the residential, social and commercial infrastructure of
modern European society. Some 90% overall of these aggregates come from naturally-
occurring deposits, the remaining 10% coming from recycled materials, marine and
manufactured aggregates.

The production of recycled and marine aggregates will continue to grow. However in the
longerterm some 85% of demand will still need to come from aggregates. As aggregates are
heavy and bulky, it is imperative for economic and environmental reasons (transport, fuel
consumption, carbon dioxide generation, noise, road damage, etc) that these are sourced local
to the main markets. Therefore access to local aggregate resources is a key issue both for the
aggregates industry and for European society.

While there is general availability of indigenous aggregates at European and national levels,
economically viable regional and local access is often severely constrained. Therefore, unless
there is the acceptance Europe-wide of a strategy to provide viable local provision, the
necessary future supply of aggregates at a local level will become even more acute, and this
will quickly spread to the regional and subsequently to the national level.
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2.2.2 Materials covered

In line with the assessments made by Member States and other countries, it was
decided to focus on non-energy minerals and metals. For the purpose of simplification,
in this report the term “metals” is used to indicate “metallic ore”; definitions are
highlighted in a box below.

Definitions

Metallic ore: mineral, from which a metal can be extracted economically.

Industrial mineral": mineral, which may be used in an industrial process directly due to its
chemical/physical properties. Industrial minerals are used in a range of industrial applications
including the manufacture of steel, chemicals, glass, fertilisers and fillers in pharmaceuticals
and cosmetics, ceramics, plastics, paint, paper, and the treatment of gases and waste, etc.
Industrial minerals include barites, bentonite, borates, clays, diatomite, feldspar, fluorspar,
gypsum, limestone, silica sand, talc, and many others.

The list of materials to be analysed was ultimately decided by the Group on the basis of
their expert advice. Starting with the 20 materials identified in the preliminary
assessment made in the Annex 8 of the Communication on the Raw Materials
Initiative, 19 materials have been added. For some materials, it was considered
appropriate to make a breakdown of their value-chains in order to analyse their specific
supply risks. This was the case for bauxite/aluminium and magnesite/magnesium.
Consequently a total of 41 materials have been identified as “potential candidates” for
criticality and assessed in this study. It is important to stress that the current analysis
that covers 41 materials is not exhaustive. If additional materials had been considered
it is possible that some of these might also have been regarded as critical.

Table 1: li