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The European Commission ranked 14 raw materials as the most critical Germany

metals as part of the activities of the “Raw Materials Initiative”. This group

of 14 raw materials contains the whole group of the rare earths elements. Public Relations &
Communications

Rare earths are used today in the production of many consumer goods Mandy SchoBig
such as computers, LCD screens and digital cameras as well as in “green tel.: +49 (0) 30 - 40 50 85-334
technologies” such as wind turbines, electric cars and energy efficient light- ~ &-mail: m.schossig@oeko.de

ing.

The group of the rare earth elements is sub-divided in the heavy rare
earth elements (HREE) and the light rare earth elements (LREE):

Heavy rare earth elements (HREE)

Light rare earth elements (LREE)

1. Rare Earths — Reserves and Mine Production Worldwide

The U.S. Geological Survey (USGS) estimates the global reserves of the sum of all rare earth
oxides which could be economically extracted in future to be at 99,000,000 tons. The global
production in 2009 is estimated be 124,000 tons.

Overview of current and planned short-term mine production as well as further large de-
posits

o Mine production Production planned
2009 in the short term

Further large deposits
&/ Oko-Institut eM.
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Though China produces more than 95 percent of the global production, their share of the re-
serves is much lower at 38 percent. The main reserves outside of China occur in the United
States, Australia, the states of the former Soviet Union and other states as shown in the next
figure.

Global rare earth reserves by country (in million tons; data from USGS 2010)

other countries* United States
22 Mio t 13 Mio t
22% 13% Australia
/ 5,4 Mio t
India 5%
3Miot —
3%
Former Soviet Union China
19 Mio t 36 Mio t
19% 38%

* Other countries: Canada, Greenland, Brazil, Malaysia, South Africa, Malawi, Vietham

World Mine production of rare earths in 2009 (USGS 2010)*

Country tons of rare earth oxide Share
(REO)

China 120,000 97 %

India 2,700 2.1 %

Brazil 650 0.5 %

Malaysia 380 0.3 %

Kyrgyzstan n.d.

Total 124,000 100 %

* These data from USGS do not include the illegal Chinese production of up to 20,000 t and smaller Russian produc-
tion volumes.

At present, only few amounts of rare earths are coming from other countries than China. Due to
the high demand for rare earths and the decreasing Chinese exports, there are many activities
aiming at the opening of new mines outside of China.

The most advanced mining projects outside of China are:
¢ the re-opening of the Mountain Pass mine in California (Molycorp Minerals) and
e the new rare earth mine at Mt Weld in Australia (Lynas) with processing in Malaysia.

2 The Greens| E Free All 4 %
_'@ sz et 6 Oko-Institut eM.



€ @ The Creens| European Free Aliance Oko-Institut e V.
2. Environmental aspects of rare earth mining

The main environmental risk in rare earth mining are the huge amounts of tailings, which are a
toxic waste being stored in artificial ponds surrounded by the tailing dam. A dam failure as it
happened in Hungary in 2010 to the tailings from an alumina factory leads to destructive site-
specific emissions such as thorium, uranium, heavy metals, acids and fluorides. Furthermore,
most rare earth deposits contain radioactive materials which impose the risk of radioactive
dust and water emissions.

Risks of rare earth mining without or with insufficient environmental protection
systems

Leachate into groundwater
(site-specific, e.g. heavy
11 metals, arsenic, fluorides,

sulphides, thorium, uranium)
Leachate into groundwater Risk of dam
(site-specific; e.g. heavy Collapse by Dust 11
metals, sulphides, thorium) * Poor construction (site-specific, e.g. with heavy
* Overtopping metals, thorium, uranium)
eSeismic events

Rain
water Rain "
Waste Tailings U a
land use water
rock - d t land use .
storage (impoundmen Air  Waste
areas) L
emission water
Mining Milling Flotation Furthe_r
(<1-10% REO) (~30-70% REO) | Processing
land use Ores with low concentrate
concentration .
chemicals
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The Chinese government intends to reduce the environmental harm in the coming years by in-
stalling environmental technologies in the large mines and by reducing the numerous small ille-
gal mines. China also aims at higher efficiencies in mining and processing and is running some
research projects on a sustainable rare earth economy.

The most advanced mine projects outside China at the Mountain Pass in the United States and
at Mt. Weld in Australia will provide environmental protection systems. However, the global
pressure for a cheap and steady rare earth supply might lead to further new mines outside of
China with inacceptable environmental standards. One example of potential concern about en-
vironmental damage is the plan for a joint mining of uranium and rare earths in Greenland. The
interested mining company intends to store the tailings in a natural lake with connection to mari-
time waters.
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3. Exports, Imports, Processing and Applications

The export volume of rare earths from China increased gradually from 1979 until 2006, where
the volume reached a peak with 57,400 tons and then declined from 2007 onwards. In 2010 the
export rates decreased by 29 percent compared to 2008. Additionally, illegal exports from China
amount up to 20,000 tons per year.

The major importers of rare earth compounds in 2008 were Europe, USA and Japan. The
figures mean a total of 78,000 tons of imported rare-earth compounds in 2008. Hereby, around
90 % are imported from China.

Imports Share of Compounds included in the statistic Data
imports from source
China
EU 27 |23,013t |90 %' Metals, intermixtures or interalloys of rare-earths, | Eurostat

Sc and Y Compounds of rare-earth metals, mix- 2010
tures of these metals, Y or Sc

USA 20,663t | 91% Rare-earth and Y compounds, Rare-earth met- USGS
als, Mixtures of rare-earth chlorides, Ferrocerium | 2010c
and other pyrophoric alloys

Japan | 34,330t |91% Cerium-, Lanthanum- and Yttrium Oxide, other Trade Statistics
cerium compounds, others Japan 2010

Imports of rare earth compounds by the European member states
(from outside the EU-27)

BELGIUM
SPAIN 2% ITALY
2% 2%

UNITED KINGDOM
8%

GERMANY
8%

FRANCE
38%

NETHERLANDS

16% AUSTRIA

24%

European companies importing rare earth components are mainly involved in manufacturing
processes for semi-finished or finished products which contain rare earths like magnets, alloys,
automotive catalysts etc.

Most of the core rare earth refining and processing activities are located in China and some
small-scale processing is done in Japan. One example for the dominance of the Chinese rare
earth processing is the fact that China is the only country holding production capacities for all
stages of the permanent magnet production chain.

1 The statistics from Eurostat provides no data on the origin of the imports to Austria. The share of Chinese imports

to total imports of all EU-27 members besides Austria is 90%.
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Main application fields of rare earths

- Water treatment

- Energy efficient lighting - Pigments
-LED - Fertiliser
-LCD - Nuclear technology

- Plasma display - Defence

- Laser

Phosphors,
Luminescence

- Automotive catalysts

- Catalysts in refining and
chemical processing

- Diesel additive

Ce La Pr Nd°

Catalysts

Magnets

Nd Pr Sm Law

- Motors and generators
Wind turbines
Electric vehicles o i
Hybrid vehicles Metal alloys / batteries Glass, Polishing, Ceramics

- Hard Discs

MRI
- Speakers ) La Ce Pr ‘Nd sm sc Ce La ° Pr  Nd - Polishing compounds
- Magnetic cooling - Colouring and decolouring
agent in glass
- Alloys for steel and iron casting - Stabilizer in ceramics
- Super alloys - Ceramic capacitors

- Flint ignition devices - UV adsorption

- NiMH-battery

- Fuel cell

- H,-storage . "

- Light weight construction & Oko-Institut eV.

A closer look: rare earths in wind turbines

Rare earths are part of neodymium magnets (Nd-magnets). These permanent magnets are the
strongest available magnets and can be used in generators of wind turbines. 14 percent (or
about 1/6) of newly installed wind turbines on the market already use Nd-magnets. They work
without gear, which makes them robust and a good candidate for off-shore applications.

In 2010, the global capacity of wind power was already 175 GW. For the future use of rare
earths, the global growth rate of wind turbines is a crucial driver The next figure shows the
newly installed wind power capacity in the first half of 2010 (WWEA 2010):

Rest of the World USA
23% 8%

China
1200 MW 7 800 MW
Germany 48%
660 MW
4%
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Already now, almost half of the new capacities are implemented in China and Chinese wind
power is expected to grow further tremendously.

To date it is not clear which direction the technology development will take. The potential supply
shortages of terbium, dysprosium and neodymium might slow down the dissemination of tur-
bines with neodymium magnets and might lead to a shift to alternative turbine types. A rein-
forced research on a higher reliability of traditional techniques with gear would support this sub-
stitution. Furthermore, a higher efficiency in the whole magnet production chain as well as recy-
cling from used magnets could contribute to a sustainable use of these valuable raw materials.

4. Development of Prices

The figures below show a moderate price development until the end of 2009 and the steep in-
crease due to the increasing global demand and the reduction of Chinese exports in the second
half of 2010. The steep price increase does not only affect the rare earths for which supply
shortages are forecasted but also less scarce elements such as cerium.

Price development of selected “cheap” REE (Oxide) in recent years
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5. Strategy for a sustainable rare earth economy

The expected supply shortages of up to seven rare earth elements (dysprosium, europium, lan-
thanum, neodymium, praseodymium, terbium, yttrium) until 2014 and the current high prices
provide for the first time the incentive to promote an efficient use of rare earths, to develop sub-
stitution options and to implement a recycling scheme for rare earths in Europe. Building-up a
recycling scheme provides a number of advantages:

e The secondary rare earths potential arises in Europe
Lower dependency on foreign material supply
Building up of know-how on rare earth processing
No radioactive wastes arising in secondary rare earth processing
Environmental benefits concerning air emissions, groundwater protection, acidifi-
cation, eutrophication and climate protection

Eight steps towards an efficient rare earths recycling

1) Establishment of a European Competence Network on Rare Earths with all rele-
vant stakeholders such as recyclers, manufacturers, public authorities, politicians
and researchers is essential for a successful implementation.

2) Start of basic research activities in order to gain knowledge about rare earth refin-
ing and processing in Europe and become more independent from Asia.

3) Start a European Material Flow Analysis to close significant data gaps and to gain
a broader knowledge on the material flows in Europe related to rare earths.

4) Identification of initial products to be recycled, e.g. waste from the magnet and
lighting production, magnets from used electric motors, used lamps and displays, re-
use of large magnets and spent catalysts.

5) Design of collection and pre-treatment schemes for rare earth containing waste
which have to be integrated in already implemented waste management procedures.

6) Development of pilot recycling plants necessary for learning on complex recycling
processes. This also comprises research activities.

7) Correspond to financial issues: The long-term investment in recycling plants as well
as the uncertainty of the future price development for primary rare earths bears high
risks for investors. The European Investment Bank (EIB) could reduce large risks for
investors.

8) Creation of a legal framework: Screening on gaps in legal framework concerning
existing recycling schemes and adaptation of the legal EU framework in order to op-
timize post consumer rare earths recycling.

If we start now, we can implement an efficient European recycling scheme for rare earths
within a minimum of five to ten years.

For further information please contact:

Dr. Doris Schiuler

Division Infrastructure & Enterprises
Oko-Institut e.V. Darmstadt office
e-mail: d.schueler@oeko.de
www.oeko.de
www.resourcefever.org

Oko-Institut is a leading European research and consultancy institute working for a sustainable future.
Founded in 1977, the institute develops principles and strategies for realising the vision of sustainable
development globally, nationally and locally.



