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Foreword

Europe is the global leader of the Green Transition. The EU aims to become
climate neutral by 2050. A successful transition fundamentally depends on
Europe’s ability to develop and deploy clean energy and mobility solutions in
an economically and environmentally sustainable way. In addition, industri-
al and home appliances will need to run under the highest energy efficiency
standards. Electric motors that efficiently translate electric energy into motion
(or vice versa in the case of generators) are essential components of all these
applications. The most energy-efficient electric motors and generators contain

rare earth permanent magnets. Whilst the EU is a world leader in the manu-

facturing of electric motors, the bloc is fully import dependent along the full Bernd Schafer
. . CEO, Managing Director

value chain of rare earth magnet materials. .
EIT RawMaterials

This European Call for Action on Rare Earth Magnets and Motors is the result

of a stakeholder consultation process. This was conducted under the auspices of the European Raw Materials
Alliance (ERMA), which was founded in 2020 by the European Commission under the leadership of Commission-
er Thierry Breton and Vice President Marog Seféovi¢. One of the objectives was to identify and address regu-
latory bottlenecks and related opportunities that would support the growth of alternative European and global
rare earth supply chains to strengthen EU industrial ecosystems. Thus, rare earth magnets and motors became
the first theme for ERMA, which — overall — aims to make Europe economically more resilient by diversifying
its supply chains, creating jobs, attracting investments to the raw materials value chain, fostering innovation,
training young talents and contributing to the best enabling framework for raw materials and the Circular Econ-
omy worldwide. The Alliance addresses the challenge of securing access to sustainable raw materials, advanced
materials, and industrial processing know-how. By 2030, ERMA's activities will increase the production of raw
and advanced materials and address Circular Economy by boosting the recovery and recycling of Critical Raw
Materials.

We are grateful and excited that EIT RawMaterials has been given the opportunity to manage ERMA on behalf
of the European Commission. Innovation, education, matchmaking, business development, and intelligence very
much represent the DNA of our Innovation Community. We are committed to supporting Europe’s transition
towards a circular, green, and digital economy whilst strengthening its global competitiveness and securing

employment.
rj Q}A L
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fl’he new Industrial Strategy for Europe highlighted the need to strengthen EU
resilience and strategic autonomy. The supply chain disruption caused by the
coronavirus exposed our vulnerabilities when we relies too much on others for
our strategic interests. The European Raw Materials Alliance is a step in the
direction of strengthening the industrial ecosystems that depend on raw mate-
rials. The Alliance will accelerate the green and digital transition by reinforcing
value chains, diversifying supplies and involving all willing partners in imple-
menting the necessary actions. We invite companies large and small, Mem-
ber States and regions, researchers and civil society organisations to help us
achieve these objectives.

Thierry Breton
Commissioner for Internal Market

//O.ur strategic foresight shows clearly that the demand for critical raw materials
is only going to rise, especially given the ongoing transition towards a green
and digital economy. The pandemic has also highlighted the criticality of raw
materials for our recovery. To secure a sustainable supply of raw materials we
need to join forces across Europe, as we have done for the EU Battery Alliance.
The European Alliance on Raw Materials will mobilise industrial and innovation
actors, Member States, regions, the EIB, investors and civil society — to help
build our capacities and investment cases along the entire value chain, from

extraction to processing and recycling. This will in turn strengthen our resilience
and boost our open strategic autonomy.

Maros Seféovic

Vice-President for Interinstitutional Relations and Foresight,

European Commission
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Key Facts

95% of electric vehicles use rare earth drive motors; quantities required worldwide will grow from 5,000 tonnes
in 2019 to approximately 50,000 tonnes per year by 2030.

> 100,000 tonnes of rare earth permanent magnets are consumed each year in renewable energy, machine
tools, robotics, loudspeakers, water pumps and mobile technology.

16,000 tonnes of rare earth permanent magnets are exported from China to Europe each year, representing
approximately 98% of the EU market

< 1% recovery of rare earth permanent magnet scrap in Europe, which represents a large potential resource at
a low carbon footprint.

There are significant rare earth reserves in Europe, but no mining takes place.

ERMA has identified 14 projects from mine to magnet (invest volume of €1.7 billion) which would regain a
20% global production share for the EU — to prime a leveraged downstream market of €400 billion alone in the
EU27 mobility and automotive business alone affecting 6 million jobs..
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Executive Summary

The challenge: Rare earth elements are essential materials for Europe’s economy and green political agenda.
They are used in various high-tech applications and are of particular strategic importance in magnets for elec-
tronics and communication devices and also in renewable energy, robotics, electric vehicles (EVs), as well as
aerospace and defence applications. Strikingly, 95% of EVs use rare earth permanent magnet traction motors,
because they provide the highest energy efficiency, which translates into driving range. While rare earths used
for magnets (neodymium, praseodymium, dysprosium, and terbium) constitute only 25% of the total rare earth
production volume, they represent 80% to 90% of the total rare earth market value. More than 90% of rare earth
magnets are produced in China today: this high production concentration in combination with rising global po-
litical tensions results in a high supply risk for these materials from a European perspective. In addition, there
is a lack of supply chain transparency and of standards and certification schemes regarding environmental and
social impacts and governance. Indeed, the European Commission considers rare earths to be among the most
resource-critical of all raw materials and has been promoting research and innovation across the entire value
chain for years. Yet, the European rare earth industry has been massively eroding over the last two decades. In
China, the rare earth value chain is considered to be a highly strategic asset to secure a growing market share in
major downstream industrial ecosystems. The largest rare earths mining and processing companies are state-
owned and are sustained by various direct and indirect state subsidies. The exponential growth in demand for
rare earth permanent magnets, particularly in automotive and renewables, may result in supply chain disrup-
tions. Currently, EU manufacturers have a disadvantage in accessing the materials over their Asian competitors
and particularly suffer from price fluctuations driven by speculation. The political dimension of not regaining
control over the rare earth value chain is tremendous. Whilst the rare earth permanent magnet market itself is
relatively small — about €6.5 billion — its downstream leverage is enormous: the EU27 mobility and automotive
business alone is expected to grow to around €400 billion, with 6 million jobs by 2030 (Eurostat 2020). The
question is, how much of this massive downstream value and how many jobs are at risk if we lose, for instance,
electric traction motor manufacturing to China. In addition, there is the strategic importance of rare earths for
defence applications.

In this context, the European Commission launched the ERMA Cluster on Rare Earth Magnets and Motors, with
the objectives to secure access to sustainably produced magnet rare earths at reasonable costs from primary
and recycled sources; to make Europe a global leader in rare earth metal, alloys and magnet production; and to
sustain and expand Europe’s global leadership in electric motor and generator design. A two-fold approach was
followed, that is, to identify promising investment cases as well as to recognise regulatory issues that hinder the
growth of the sector in Europe.

Our response: To increase Europe’s strategic autonomy in rare earths, the EU will need to address the entire
value chain. This involves creating a circular economy around rare earths by advancing recycling and substitu-
tion, as well as exploration, mining, processing, separation, metal making, alloying, magnet making, and motor
design. Today there is no primary production within the EU and less then 1% of rare earth elements are recycled
in Europe. This needs to change if we want to successfully compete economically and want to lead the Green
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Transition. Within the first six months of its existence, the European Raw Materials Alliance (ERMA) has identi-
fied investment cases from rare earth (urban) mine and urban mine to magnet, with projects spread all across
Europe with a total investment volume of €1.7 billion. If these projects were realised, 20% of Europe’s rare earth
magnet needs by 2030 could be sourced from the EU, that is, 15 times more than today. Two cases have already
received a French Recovery Fund grant: a rare earth magnet recycling plant developed by the French company
Carester (€15 million) and the magnet recycling and manufacturing company MagREEsources (€0.75 million).
More investment cases are expected to be submitted, potentially increasing the overall rare earths materials

CHALLENGES UPSTREAM

Lack of investments in Europe = Price volatility = Social License to Operate

CHALLENGES DOWNSTREAM

Costs, performance, environmental footprint

» Limited R&D capacity compared to Asia =
Lack of level playing field in terms of tax schemes and subsidies

= Small, monopole upstream market =
Lack of transparent and sustainable chains

Recycling Schemes €200 million

[ [ L

Products REE concentrate REE Oxide REE Metal REE Granulate Nd-Fe-B Magnet = Component

Refining &
Reduction

Magnet Production of
production components

Exploration & Mining &

Development Production Separation

Processing Final product

L /L /
/ / /

Est. investment needs €500 - 1,000 million €30 - 40 million €250 - 300 million

SOLUTIONS
Risk sharing across the value chain, for instance, by long-term supply contracts / off-take agreements = Diversification of supply chains by investing

in European facilities (create options) = Collaborative R&D (e.g. materials processing, reduction of REE content, use of process waste and of recycled
material, i.e. closing loops) = Joint Public-Private Investments = Raising of public awareness for REE and permanent magnets

Fig. 1: ERMA Cluster Rare Earth Magnets and Motors: Challenges and solutions and price tags per value chain step indicating the order of magnitude of investment needs for an EU value
chain capable to match 20% of domestic materials demands.

production and recycling capacity in Europe.

The European Raw Materials Alliance ran a stakeholder consultation process with members to understand reg-
ulatory bottlenecks. More than 180 stakeholders from industry, academia, government organisations and NGOs
participated and defined action items that centre around four key recommendations:

i) European policymakers will need to create a level playing field: The real cost of EU production within the
segment of rare earth magnets and motors is intrinsically higher than the Chinese production cost, which is
massively lowered by a set of direct and indirect state subsidies and lower social and environmental stan-
dards. On top of this, trade facilitations, such as unilateral tax exemptions, discriminate against European
and other global competitors. To increase the strategic autonomy and resilience of the European rare earth
magnets and motors industry it is imperative to create a level playing field.

ii) European OEMs will need to consider potential commitments to buy a significant percentage share of rare
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earth materials from European producers. Indeed, downstream industry would gain a significant advantage
in diversifying its supply chains, gaining access to local suppliers, maintaining access to local materials knowl-
edge for future motor designs and test facilities as well as in supporting the development of capacities for a
circular economy of electric motors.

iii) European policymakers will need to make sure that end-of-life products (and waste materials) containing
rare earths stay in Europe by introducing and implementing regulations and standards that facilitate the
re-processing and recycling of products.

iv) Even with all these initiatives in place, we will need to provide CAPEX support to match private invest-
ments initiating this new investment process, e.g., utilising relevant state aid rules to support projects in the
rare earth value chain, such as by implementing a dedicated IPCEI (Important Project of Common European
Interest).

Along these four recommendations, Europe needs develop strategic actions. A disruptive change is required.
This document lays out 12 Actions, which have been developed to different levels of detail. The document is de-
signed to be the first milestone of a stakeholder interaction that will need to be followed up and reassessed. The
implementation of the suggested ERMA Rare Earth Magnets and Motors actions would potentially trigger an in-
vestment volume in the order of €1.7 billion: so far, ERMA has identified 14 projects that would ramp up EU rare
earth production capacity by up to 20% of the EU demand by 2030, that is, from mine and urban mine to magnet.

EUROPE

Rare earth permanent magnets in wind energy

fl’he European wind industry recognises the long-term strategic and commercial benefits of diversifying supplies of rare
earths and permanent magnets used in wind turbines. A European rare earth and permanent magnet supply chain would
bring jobs and growth and contribute to a “just” energy transition. And it would increase the bargaining power of end-users
such as the wind industry vis-a-vis third country suppliers.

As an industry we are working hard to improve the social and environmental sustainability of the materials we use. Our
approach to the rare earths and permanent magnets supply chain is no different. We are working to improve our material
efficiency rates and actively exploring substitution option for rare earths. Sustainability standards and recycling will play an
increasing role. We welcome the EU's work on the diversification of supply chains. Clearly it needs to recognise the costs
involved and the potential consequences for energy prices. The costs of wind energy have fallen significantly over the last
decade. And as renewables expand further it is in society’s interests that they should continue to fall.

Giles Dickson, CEO, WindEurope
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Windturbines - particularly offshore - use several tonnes of rare earth permanent
magnets due to energy efficiency and the robustness of technology.
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Market Developments and Policy Context

Rare earth magnets and motors are essential components
in battery and fuel cell electric vehicles as well as in wind
turbines. But they also, for example, make machines, ro-
bots, and water pumps move, provide cool air in refrigera-

tors and air-conditioning (compressors), and allow phones
and laptops to speak (microphones). Invented and indus-
trialised in Europe as early as the 19th century, the power
of electric machines has been rediscovered today, and EU
manufacturers are still world market leaders. The devices
are driven by advanced materials that contain costly metals,
including resource-critical rare earth metals. Securing the
supply chain of these materials is crucial to sustaining Eu-
rope’s global market leadership in electric motors and gen-

erators and to developing a Circular Economy of products
driven bv these dEViCES. Fig. 2: Example use cases of rare earth permanent magnets.

The European Commission considers rare earths to be amongst the most resource-critical raw materials: they
are of highest economic importance and at the same time feature a high supply risk. They play a vital role in the
industrial economy of Europe, that is, in traditional sectors as well as in emerging ones, including aerospace and
defence.In 2019, about 130,000 t of rare earth permanent magnets (Nd-Fe-B) were produced worldwide" which
corresponds to a market volume of about €6.5 bn. 93% of these magnets were produced in China, reflecting a
very high production concentration (which is, in fact, found across all rare earth value chain steps, from mining
to recycling). Today, there is a 1,000 t production capacity left in Europe competing with 16,000 t of Chinese
magnets imported each year. In addition, rare earth magnets are increasingly imported as part of motors and
generator assemblies and products. Despite a growing market, the EU magnet production capacity is not fully
utilised today and is rather serving specialised niche applications. The main reason behind this development is

ROW 9%
EU<1%

EU <1% China 23%
\ ROW 19%

Australia 10% Malaysia 14%
USA 12%
EU 2%

’
-

4

ROW 5%

China 63% China 85% China 90% China 93%

Rare Earth Oxides Rare Earth Oxides Rare Earth Permanent Example:
Mining Refinement Metals Magnets Wind Turbines

Fig. 3: From rare earths mining to wind turbine manufacturing: market shares. Sources: USDA; USGS; JRC 2017; JRC 2020; Adamas Intel 2019

" Estimates based on Adamas Intel 2019 and Roskill 2018. Other sources indicate higher global production figures, i.e., up to 190,000 t of Nd-Fe-B per
year (I Higgins, pers. communication).
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the fact that China has a monopoly in rare earth supply chains and that the prices of Chinese materials do not
reflect the real costs of production, being kept artificially low by direct and indirect state subsidies (see further
details below). Hence, there is a lack of, i) supply chain diversification, market driven competition, and resilience
against supply shocks; ii) supply chain transparency and a clear definition of sustainability standards; iii) indus-
trial capacity to implement an EU Circular Economy of rare earth materials; and iv) strategic investments aiming
to benefit from a growing materials market to create economic growth and new jobs in Europe, i.e. jobs directly
related to the rare earth magnet and motor value chain as well as indirect jobs secured downstream.

The economic importance of the rare earths value chain becomes obvious by looking at the emerging electric
vehicle market: over the last decade, the evolution of technology has resulted in 95% of EVs using permanent
magnet motors by 2019, particularly because they provide the highest energy efficiency which translates into
drive range. In 2019, about 5,000 t of rare earth permanent magnets were used in EVs worldwide. By 2030,
the number may rise to between 40,000 and 70,000 t on a global level, depending on the anticipated growth
scenario. By then, according to the conservative scenario, a global EV market worth of about € 700 billion would
depend on securing access to sustainably produced rare earth magnets — a comparatively small but specialised
market of about € 2-3 billion (value corresponding to magnet volume share needed in the respective EV sector).
As indicated above, this pattern is reflected in other industrial ecosystems: energy efficient electric motors are
also needed in fuel cell electric vehicles and domestic appliances, like energy efficient refrigerators, washing ma-
chines, and dish washers; rare earth containing wind turbines are gaining market share, particularly in offshore
wind farms due to their robustness and efficiency; all microphones and speakers of mobile devices contain rare
earth magnets due to the need for miniaturisation.

Chinese rare earth magnet prices are government con-
trolled and follow a strategic, cross-value chain, long-term
rationale that aims to take leadership in key downstream
industrial sectors: in China, the rare earth value chain is con-
sidered to be a highly strategic asset to secure a growing
market share in major downstream industrial ecosystems
(see above). The largest rare earths mining and processing
companies are state owned and are sustained by various di- Abo ut $ 2 2 6
rect and indirect state subsidies. The most obvious of these 124 . I I .

is a strategic set of import charges and VAT refund mech- miiiion
anisms that are WTO compliant, but down the line make

rare earth business elsewhere in the world almost impos-

Export Rare Earth Magnet

VAT Refund by Chinese Government 102

sible: rare earth ores can be imported duty free into China

whereas the import of processed rare earth materials, in-

cluding magnets, comes with a tax. The country wants to

protect higher value creation steps from competition. Even

more importantly, there is no VAT refund on the export of F’f; ;ﬁﬁ’;’;ﬂ’j;‘ﬂ:;ﬁ'ggg;Zc‘/’";f;‘;g,"n":;i%‘ZZ’ZZ’Z?;Z;Q
processed rare earth ores, that is, rare earth oxides, metals, average of 13.75%)
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and alloys, whilst there is a VAT refund on exported rare earth magnets and motors. As a consequence, whilst
Chinese magnet manufacturers can purchase rare earth raw materials without VAT (only the end customer is li-
able to pay VAT), non-Chinese ones must pay for it and thus have a cost disadvantage of 13%. This is a significant
competitive disadvantage, since raw materials costs determine up to 90% of the cost of the magnet alloy. In ad-
dition to this massive disadvantage, other significant market distorting factors include lower environmental and
social sustainability standards as well as easy access to cheap finance, land, manufacturing equipment, electric-
ity, and a growing academic community talent and research centers. Hence, non-Chinese companies along the
entire rare earth value chain have difficulties entering the market, unless they want to deliver raw materials to
China. Outside of China, magnetic materials are mainly produced for niche market applications.

The goals of the EU include sustainable development and a competitive market economy. Thus, there is a
need to create a level playing field for European rare earth materials manufacturers to be able to compete in
a global market. Therefore, the guiding question should not be whether EU manufacturers can compete with
Chinese ones in terms of a spot market price for a rare earth product. In fact, today, there is a price difference of
about 20-30% for a magnet produced in Europe compared to an equivalent one produced in China, depending
on the application. The key question is rather what the real costs are to have access to a sustainably produced
magnet, that is, financially, environmentally, socially, and in terms of supply risks — also considering the cost of
potentially not having access to these materials at a given point in time.

Rare earths research, development, and engineering have always delivered major innovation breakthroughs:
the materials were first discovered and developed for applications and industrial production in Europe. They
were essential for the industrial deployment of streetlights (gas lamps), colour television, catalysts, specialty
alloys, glasses, aerospace applications, electronics, medical imaging technologies (such as magnetic resonance
imaging), and energy efficient electric motors and generators (see above). Discovered in 1983 by Japanese and
American industrial researchers, Nd-Fe-B — the mass market rare earth permanent magnet material — began
to be produced in Europe as early as 19852 Since then, the European Commission and EU Member States have
funded research on rare earths and

particularly magnetic materials. Zzzgzzzgz Total spent: €373 million
A milestone was the EU funded 70,000,000 €
project called Concerted European 60.000,000€

. . 50,000,000 €
Action on Magnets (CEAM) which 40,000,000 €
started in 1985. Europe was at the 30.000,000€

20,000,000 €
forefront of rare earth magnet re- 10,000,000 €
search and industrial production, o€
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

and many students educated in
this period have become industrial Fig. 5: EU R&D funding in “rare earth” projects that started 2008-2019. Major research fields considered: metallurgy,

magnets, optical fibres, electronics, LED, OLED, sensors, speciality glasses, e-motor and generator designs.
(Source: CORDIS database)

2\/acuumschmelze, Germany, has been producing Nd-Fe-B since 1985, Sm-Co magnets since 1973. Together with its Finish subsidiary Neorem, it is the
only major sintered magnet producer that has survived in Europe. The industrial capacity to produce sintered magnet manufacturing also exists at Magneti
Ljubljana, Slovenia, and Magnetfabrik Schramberg, Germany.
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or academic leaders in the field today. Over the last ten years, the European Commission has invested € 373 mil-
lionin the field of rare earth research and innovation via its respective Framework Programmes. Now it is time to
exploit the achieved results and to make Europe a leader in a sustainable rare earth industry again. In addition to
the existing use of rare earth materials, tomorrow, they might be essential for new cooling technologies (mag-
netocaloric cooling), optoelectronics, hydrogen technologies, and medical technology applications — equipment
developed by world leading European researchers in the labs, today.

Rare earths are not rare, and they are not necessarily produced with a high environmental footprint: geologi-
cally speaking, they are comparatively abundant. Europe has its own deposits. What makes them resource-crit-
ical is the highly concentrated production along the entire value chain in one part of the world, which is China.
According to the new Chinese “Export Control Law’, effective since 1 December 2020, the country is closely
monitoring its domestic needs and is strategically securing access to rare earth sources worldwide, including
deposits in California, Madagascar, and Greenland. Europe imports rare earth materials not accounting for the
real costs, and exports problems in terms of environmental footprints (such as CO2 emissions, radioactivity, or
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Fig. 6: Global Warming Potential of 1 kg Nd-Fe-B (kg CO2 equ) according to various LCA reports. Consider that the COZ2 footprint represents only one factor of a full Life Cycle Assessment.

mining impact), and costs linked to appropriate social standards. In fact, the EU has the potential to be the world
leader in the sustainable production of rare earth materials. A concerted European action in rare earth materials
innovation would allow the bloc to benefit from a growing market, make it more resistant to supply shocks, and
would secure a great number of direct and indirect jobs, particularly in the transforming automotive, energy, and
machine industries.

Rare earth magnets can be produced in a responsible or a less responsible way. Figure 6 shows the CO2 equiv-
alents emitted in the production of 1 kg Nd-Fe-B, according to various academic publications. The data show
a large variation and will have to be substantiated by future industry-based research. There is a huge potential
to increase the use of renewable energy in the mining and processing sectors, which would significantly reduce
the environmental impact of primary raw materials production. In any case, even considering a magnet with a
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comparably high CO2 footprint, the environmental impact of the magnet is minor compared to the one of the
corresponding lithium-ion battery, which contributes the equivalent of several thousand kilograms of CO2 emis-
sions during the production process (Agora Verkehrswende 2019). An energy efficient rare earth synchronous
motor would significantly help to reduce battery size, thus environmental impact, to achieve the same driving
range and performance.

Both primary metal mining and production as well as recycling needs to be developed to meet materials de-
mands of an exponentially growing rare earth magnet market: for the foreseeable future, recycling alone can
only meet a minor fraction of the growing materials demands (Figure 7).
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Fig. 7: The Electric Vehicle market is growing exponentially, which is why the recycling of any kind of EV material can only contribute a minor share to meet growing materials de-
mands. Assumptions: EV lifetime of 10 years; global car sales with a CAGR of 30% according to the Sustainable Development Scenario (SDS) of the International Energy Agency (IEA
2021). Own calculations after A. King 2021
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95% of EV/s use rare earth permanent magnet motors due to their high energy
efficiency which translates into larger driving range.
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Strategic Action Areas

The European Commission launched the ERMA Cluster on Rare Earth Magnets and Motors with the objectives
of securing access to sustainably produced magnet rare earths at reasonable costs from primary and recycled
sources; of making Europe a global leader in rare earth metal production, alloys and magnets; and of sustaining
and expanding Europe’s global leadership in electric motor and generator design. During the stakeholder consul-
tation process, four main recommendations were identified:

o European policy makers will need to create a level playing field: the real cost of EU production within the
segment of rare earth magnets and motors is intrinsically higher than the Chinese production cost, which
is massively lowered by a set of direct and indirect state subsidies and lower social and environmental
standards. On top of this, trade facilitations, such as unilateral tax exemptions, discriminate against Euro-
pean and other global competitors. To increase the strategic autonomy and resilience of the European rare
earth magnets and motors industry it is imperative to balance a fair level of reciprocity.

o European OEMs will need to consider potential commitments to buy a significant percentage share of
rare earth materials from European producers.? Downstream industry would gain a significant advantage
in diversifying its supply chains, gaining access to local suppliers, maintaining access to local materials
knowledge for future motor designs and test facilities as well as to support the development of capacities
for Circular Economy of electric motors.

o European policy makers will need to make sure that end-of-life products (and waste materials) containing
rare earths stay in Europe by introducing and implementing regulations and standards that facilitate the
reprocessing and recycling of products.

o Even with all these initiatives in place, we will need to provide CAPEX support to match private invest-
ments initiating this new investment process, e.g., by utilising relevant state aid rules to support projects
in the rare earth value chain, such as by implementing a dedicated IPCEI.

In the following section, the Rare Earth Magnets and Motors stakeholder group identified in response to these
recommendations a set of 12 specific actions (Actions 1-12), which are clustered in 6 strategic action areas
(Strategic Action Areas | - Vl). As indicated below, most of the action items have a clear reference to the Critical
Raw Materials Action Plan of the European Commission published in 2020 (EC 2020).

3During the discussions in the Cluster meetings, some participants raised that a “significant percentage share” would represent a value of at least 15%
of EU demand, in order to reach an economy of scale. In 2019, this would have represented a production of 2,000-3,000 t of Nd-Fe-B, which is likely to
be the critical mass for a new high efficiency magnet plant to be competitive. Other Cluster members raised the point that this number would have to be
substantiated further and linked to a specific timeline of developing such capacities.
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l. Establish a supply chain for rare earth raw materials and make Europe a leader in the
Circular Economy of rare earths

The EU should strategically invest in the rare earths value chain and become world leader in the Circular Econ-
omy of rare earths. To enable this, improved intelligence in the rare earths magnets and motors value chain is
required as a sound basis for decision making, that is, for political and industrial leaders, investors as well as for
consumers. Many primary rare earth sources around the world have been identified and investigated over the
past 10-15 years, but the results of such studies have been published in various locations and it is time con-
suming to try to compile key information about them on a comparable basis. Europe hosts several occurrences,
some of which are currently being investigated. In particular, the quantity (resource and reserve tonnages) and
quality (resource and reserve grades of individual REEs) of mineralisation, and the key technical and economic
assumptions (e.g., processing recoveries, price and cost assumptions) are of critical importance when assessing
primary rare earth sources. Under the current circumstances, public and private investors should consider the
possibility of supply interruptions and price volatility. EU stakeholders should respond by building up stock, and
state incentives should be considered to kick-off a Circular Economy of rare earths, to overcome the “chicken
and egg situation” in which no large investment in magnet recycling will materialise unless there is a market for
recycled magnets, whereas, at the same time, there is no market for recycled magnets unless there is major
investment in the supply of the respective materials. At the same time, there is a need for reassessing policy
cohesion to promote primary rare earth production within the EU as a strategic goal, because recycling can
only partly bridge the gap indicated by the forecasted demand increase (see Figure 7). Low impact rare earth
extraction from existing mining by-products and tailings needs to be promoted as well as the establishment of
cost-effective production facilities using raw materials from multiple sources.

Making it happen

Action 1: The EU should identify on a global level primary sources (mining) and secondary sources (recy-
cling) of rare earth raw materials suitable for a supply into an EU value chain. Financial, environmental,
and social sustainability, resilience of supply, as well as technical and economic feasibility of extraction
should be considered, in order to enable an EU-based value chain to become fully competitive with the
established industry. Member states should be encouraged to produce information of interest to attract
exploration investments (from both primary sources and secondary sources, i.e., mine waste). A project
database should be created that enables comparative studies in harmonised formats (UNFC and CRISCO
standards). The EU should characterise the European rare earths and permanent magnet market and de-
mand in tonnes per vear (from raw materials to manufacturing and recycling). [Timeline: Q1 2022].

Action 2: The EU should promote the diversification of raw materials supply for European industries
through strategic trade partnerships with resource-rich countries.

Action 3: The EU should explore regulatory measures to incentivise exploration, mining, and a full rare
earth Circular Economy, across the entire value chain:
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« to develop a market for end-of-life magnets and to generate a contracted flow of magnets for
recycling companies. Existing waste directives and related legislation should be reassessed to de-
velop measures that support the establishment of systems for the collection, extraction, and pro-
cessing of magnets in Europe. Legislation that promotes End of Life (EOL) products containing rare
earth permanent magnets to stay in Europe should be considered (including processed EOL magnet
scrap). The Commission should assess the feasibility of obliging OEMs that want to sell products in
the EU to only buy magnets with a minimum amount of recycled rare earth metals content. [Time-
line: Q1 2023].

« to promote exploration and mining. The EU should carry out an investigation that identifies incon-
sistencies and obstacles in the EU regulatory framework in order to reduce the institutional risks
for investments that depend on the use of land and water. Member States should be encouraged
to determine the fitness of their raw materials policies, mining codes and incentives for exploration
to address the strategic needs of materials for rare earth magnets and motors. [Timeline: Q1 2023]

Reference to Critical Raw Materials Action 2, 9 & 10.

CARESTER

Your partner for Rare Earths

Creating a rare earth recycling facility

/r(-)ur target is to recover all kinds of end-of-life magnets which contain rare earth elements and to
produce separated rare earth oxides. We will produce raw materials from magnets of the same quali-
ty as the virgin material. It means we can recycle as much as we want without compromising on the
quality.

Fredéric Carencotte, CEO, Carester
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II. Facilitate access to finance for rare earth projects across the value chain

The European Raw Materials Alliance (ERMA), established only 6 months after the new EU Industrial Strategy,
has created a Raw Materials Investment Platform (see erma.eu), which triggers the identification and realisation
of new raw materials investment cases in Europe and in third countries with a European interest. ERMA has
identified priority investment areas that include materials efficient motor designs, the recovery of rare earths
from end-of-life magnets and processing waste, magnet manufacturing, rare earth refining, extraction of pri-
mary rare earth ores and recovery from mining waste. There is a need for early-stage financing to identify and
develop possible mining operations. Both prefeasibility and definite feasibility studies require funding to estab-
lish proven resources for future mining.

So far, 14 specific investment proposals have been submitted from various different parts in Europe: France
(magnet making and recycling), Germany (magnet making), Estonia (rare earths metallurgy and magnets), Bel-
gium (recycling), Norway (mining), Sweden (mining), Finland (mining), Poland (separation), and Slovenia (magnet
making). The overall investment needed for these projects is € 1.7 billion. The potential capacity increase along
the rare earth value chain from now to 2030 would be substantial. For example, we could ramp up magnet pro-
duction in Europe from 500 tonnes to 7,000 tonnes annually by 2030. About 20% of Europe’s rare earth magnet
needs could be sourced from the EU, significantly strengthening its strategic autonomy. Over the same period of
time a minimum of 5,000 direct jobs would be created, and a multitude of indirect jobs in Europe’s downstream
industry would be saved; and the competitiveness and autonomy of various European Industrial Ecosystems
would be significantly strengthened.

The initial capital investments required to get an efficient, sustainable, and best available technology production
up and running in Europe is substantially higher than what it is, or was, in China as most Chinese productions are
already built. It is very clear that Chinese state-owned operations do not have to factor depreciation into their
pricing. Thus, to realise the full investment potential of the Raw Materials Investment Platform, bridge financing
capacities in the form of a Raw Materials Bridge Fund and the pooling of raw materials demands in the sin-
gle market through a Raw Materials Investment Vehicle that invests into certified sustainable value chains are
needed. An Important Project of Common
European Interest (IPCEI) on Rare Earth

I EU Production EU Demand Current ERMA Invest Status 50000 r

Magnets and Motors should be initiated ewr e :
to facilitate larger scale investments. At
least 4 EU Member States have indicated
that they would have a strong interest in =~ == S S | :
promoting such an IPCEl. The financing
tools need to be established quickly to

uuuuuuuuuuuuuuuuuu

uuuuuuuuuuuuuuuuuu

allow the anticipated materials produc- ol

. i . o E & R
tion facilities to deliver on time, in order to & T & &Y & &
avoid supply bottlenecks that would slow
down the Green Transition. Fig. 8: EU demand versus ERMA target capacities in 2025 and 2030.

ermaeu | [ European Raw Materials Alliance (ERMA) 3 @EU_ERMA #EUerma



Co-funded by the
European Union

EUROPEAN _
RAW MATERIALS ERMA (eit ) RawMaterials
ALLIANCE

Connecting matters

To put these figures into context, one of the scenarios described below could be envisaged:

» TheEU strategy on offshore renewable energy proposes to increase Europe’s offshore wind capacity from
its current level of 12 GW to at least 60 GW by 2030, which represents around 5 GW per year. Wind tur-
bines contain in average 600 kg of permanent magnets per MW. 7,000 tonnes of magnet production per
year would be sufficient for around 12 GW of wind energy capacity. Thus, more than 100% of the EU an-
nually installed offshore wind energy capacity could be covered by rare earths magnets made in the EU.

o Assuming the use of 2 kg of Nd-Fe-B per electric vehicle (EV) and an annual EU production of about 5
million EVs by 2030, the EU could be 50% self-sufficient in rare earth magnets supply for its domestic
production in the sector.

potentlal ining and separation /

Rare Earths
Projects

-
\

making
Recycling,
magnet making
Magnet /
making

Fig. 9: ERMA investment cases in the rare earth value chain identified so far are located in various European locations
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Making it happen
Action 4: In close collaboration with the Member States, the European Commission should create 3 tools

to facilitate access to finance:

o A Raw Materials Bridge Fund: a new financial instrument to secure bankability and de-risk projects
in the volume of 150-200m EUR p.a. (issued as loans, equity, mixed forms together with EIB / EIF).
Similar to the EIC Fund recently set up in Luxembourg; financing of projects up to 15m EUR [Time-
line: Q2 2022].

e A Raw Materials Investment Vehicle: a new European, state-supported investment and procure-
ment organisation acting as lead buyer and pooler of raw materials demand across European coun-
tries. Similar to the Japan Oil, Gas and Metals National Corporation (JOGMEC): direct investment or
guarantor of private sector investments [Timeline: Q1 2023].

o AnIPCEI for Rare Earth Magnets & Motors [Timeline: Q1 2022].

Reference to Critical Raw Materials Action 3 & 6.

Rare earth permanent magnets are used in speakers and
microphones particularly in mobile applications.
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lll. Sustainability: define standards and certification schemes for the making of sus-
tainable rare earth magnets and motors

Taken for granted today for food products and textiles, Europeans want to know what they consume. When pur-
chasing a mobile phone, you also consume natural resources. Sustainability does not come for free. Rare earth
extraction and processing come with a footprint. Europeans should be in the position to determine the scale of
that footprint by choosing between different supply chains. There is also a need for greater transparency, to get
a clear understanding of the cost structures in the rare earth value chain to be able to justify an EU price premi-
um (if necessary) and to better identify innovation needs. There is a need to define sustainability criteria for the
rare earth value chain, and schemes to certify sustainability accordingly. Instruments to increase transparency
in the rare earth value chain worldwide should be developed and installed. Tracking rare earth materials would
permit the systematic development of intelligence on the environmental and social footprints of specific rare
earth value chains. By law, downstream industries that use rare earth magnets and want to sell their products
in Europe will have to comply with and factor into their cost and pricing schemes these sustainability standards.

Making it happen

Action 5: The EU should establish an EU sustainability standard and certification scheme.

The European Commission and industrial representatives need to align on a framework in establishing
sustainability in the rare earth value chain. This involves leaders from the downstream industry, partic-
ularly the automotive and machine industries, and would include the analysis of existing schemes by a
dedicated and EU-financed taskforce. EU delegates should participate in and become active members
of the ISO/TC298 Rare Earth group, the leading standardisation initiative in rare earths worldwide today.
The Commission should have an interest in using this platform to push the sustainability agenda for rare
earths at the global level. Traceability and independent auditing of standards will be hugely important.
[Timeline: Q3 2022]

Action 6: Following the example of the latest battery regulations, the EU should launch a study on the
key determining factors for the production of sustainable rare earth magnets.
Based on that study, the EU should:

« identify the possibility of developing a standardised EU life cycle assessment scheme for rare earth
magnets, focusing on a “Product Environmental Footprint” pilot project in close cooperation with
industry.

o put forward rare earth magnet motor sustainability ‘design and use’ requirements for all motors to
comply with when placed on the EU market (comprises a suitability assessment of different regula-
tory instruments such as the Ecodesign Directive and the Energy Labelling Regulation).

« monitor the coherence of different regulatory instruments (e.g., REACH, Waste Framework Direc-
tive) to ensure smooth functioning of the internal market for rare earth magnets and motors, end-
of-life-magnets and materials obtained from recycled motors. [Timeline: Q3 2022]
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Action 7: In line with the Sustainable Corporate Governance Directive, the EU should promote ethical
sourcing and transparency in the value chain by enforcing the respective regulation.

OEM s should track their supply chain and provide certified information on environmental and social stan-
dards in the production of rare earth magnets and motors. Until 2025, this approach should be facilitated
via incentives, for instance, by establishing self-certifying blockchain systems for rare earths tracing, la-
belling, and sustainability assessment. [Timeline: Q3 2022]

Reference to Critical Raw Materials Action 3,10.

IV. Competitiveness: create a level playing field with global competitors

The European Commission should support European rare earth materials producers to be able to compete with
Asian competitors on a level playing field. There is a need to provide incentives for magnet producers for each
magnet produced and sold in the EU. Otherwise, no private company would start to invest and run a profitable
business in the mass market production of magnets in Europe. The European Commission should support the
creation of a market for “made in the EU" rare earth magnets among EU magnet customers. The Commission
should stress the importance of balancing sustainability with corporate profitability and incentivise magnet us-
ers to procure a certain percentage share of magnets locally. Offtake by major European downstream industries
is vital for the long-term survival of an EU rare earth materials industry.

Making it happen

Action 8: In close collaboration with the Member States, the European Commission should explore mea-
sures to balance a fair level of reciprocity regarding state subsidies and the externalisation of social and
environmental costs in rare earth metal mining and production, magnet making, and recycling. [Timeline
2021-2023]

» Find a solution to help EU rare earth magnet manufacturers to procure raw materials (oxides, met-
als, alloys) under same cost conditions as Asian competitors; today, this is equal to 13% of the mar-
ket price of rare earth raw materials. Incentivise industrial magnet consumers (automotive, energy
etc.) to procure rare earth magnets made in EU, that is, via taxation incentives with respect to capital
gains tax or corporate tax;

o Create ataxshield for the investments in these sectors that will allow companies not to pay revenue
tax before recovering their investment.

» Explore how to best apply the Carbon Border Tax Mechanism to the rare earth supply chain, given
the lack of transparency and standards in the global rare earth business; consider also social and
governance standards.
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» Establish low-cost electricity zones, based on renewable energy to support energy-intensive in-
dustrial processes such as electrolytic production of rare earth metals and master alloys. Consider
a substantial reduction in taxes on electricity.

o Define a mandatory minimum proportion of locally sourced rare earth material for the EU defence
industry.

Reference to Critical Raw Materials Action 2 & 5.

V. Raise awareness of the importance of rare earths, that respective materials can be
produced sustainably, and that they are needed to design clean tech

Rare earths are a key to engineering the most energy efficient and compact devices in various sectors and they
can be produced and acquired in a sustainable way. Sustainability, however, does not come for free. It has an
intrinsic value. There is a need to communicate and make society aware of the challenges and opportunities
that come with rare earths. Education on the subject should be targeted at various levels of society, that is, in
the wider society as well as towards political and industrial decision makers. In companies, product designers
and procurement people need to be made aware of the business potentials of rare earths. In higher education,
rare earth metal mining and production as well as materials design needs and recycling need to be promoted in
respective curricula.

Making it happen

Action 9: The European Commission should elaborate a communication strategy addressing all stake-
holders and society in general. This strategy would include [Timeline 2021-2024]

o The pooling of all existing activities undertaken by European research and education projects, as-
sociations and industry partners, governments and NGOs under the umbrella of ERMA - to setup a
mapping of existing activities

o The creation of ERMA material and events (print, online, showcases, roadshows etc.) to stress the
importance and criticality of rare earths, show the benefits and positive impact of research, innova-
tion activities and greener (localised) production in building in a viable, sustainable circular economy
for rare earths

» The continuous support of a rare earth expert group that would consult political and industrial deci-
sion makers and would help to raise awareness. The ERMA Cluster Rare Earth Magnets and Motors
would represent a good starting point for this group.

o (Creation of an author/publisher network for press releases on the European/national/regional level
of EU member states to support ERMA activities
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» Joining of all existing activities undertaken by European research and education projects, associa-
tions and industry partners

Reference to Critical Raw Materials Action 8

VI. Promote Europe’s innovation capacity in the rare earths value chain

Rare earth elements have specific physical properties (particularly, magnetic and optical) that have a great ex-
ploitation potential for future technology that will enable us to confront major societal challenges including cli-
mate change. The EU Framework Programmes for research and innovation should continue to incentivise ef-
forts to better understand rare earths extraction, processing, recycling, and materials design. The shrinking EU
academic community in rare earths should be supported via respective R&D& calls for proposals and dedicated
researcher mobility programmes. The establishment of preindustrial pilot lines to upscale rare earth technology
and advanced materials production should help to transfer ideas to market more rapidly. Beyond developing its
short- and medium-term innovation capacity, Europe should continuously invest in research and development
of new rare earth processing technologies, magnetic materials, and applications. Materials science research fo-
cusing on the identification of new magnetic materials and motor designs should consider the availability limita-
tions given by nature, not those defined by man: light rare earths, for example, are highly abundant in the earth'’s
crusts and occur all around the globe. Excluding them from materials and product designers’ repertoires would
artificially limit innovation capacity. Innovation in materials and processing must be combined with innovation in
optimising rotor geometries of traction motors to increase motor efficiency.

Making it happen

Action 10: The EU should establish a European Rare Earth Research Factory: a versatile technology plat-
form that enables the manufacturing and testing of new processes and materials in the industrial pilot
scale. This platform should be connected to the (few) existing labs, pilot lines, and testbeds in a digital
manner in order to facilitate a pan-European collaborative approach as well as confidential, case-by-case
research. [Timeline Q3 2022]

Action 11: The EU should establish a researcher mobility programme to better enable scientists and
engineers across Europe to share experience in rare earths. [Timeline Q3 2020]

Action 12: The European Commission should consider the following R&D topics for the Horizon Europe
framework programme [Timeline 2021-2027]:

» Novel, cost-efficient rare earths extraction and processing routes (sampling, characterisation, ben-
eficiation, separation, metal making, alloying); consider unconventional rare earth sources, like low-
grade ores, non-ferrous metals beneficiation tailings and iron ore tailings, metallurgical waste (hy-
dro and pyro), apatite. Assessment of the status and potential suitability of disruptive technologies
for rare earth separation; consider scaling effects, CAPEX and OPEX costs, and the efficiency of
processes.
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« Identification of novel magnetic phases and designing out of them a stable bulk magnet.
« New magnetic materials and applications for energy savings, including magnetocaloric applications.

« Additive manufacturing of permanent magnets: development of suitable powders and selective la-
ser melting/sintering processes for additive manufacturing of permanent magnets.

o Advancements in magnet microstructure design.

 Significant reduction or complete elimination of heavy rare earth elements (50 - 100 %) compared
to current (Nd,Dy)-Fe-B.

o Development of prototype magnets and testing of them in demonstrator motors with regard to
their performance in a relevant application.

» New resource and energy efficient electric motor designs.

« Significant reduction of environmental footprint and improvement of energy sustainability in rare
earth value chains.

o Recycling of EOL products containing rare earth magnets with a particular focus on cost efficient
dismantling lines.

o Product designs that facilitate the reuse and recycling of rare earth magnets.

Reference to Critical Raw Materials Action 3, 6, 8 & 10.

7. References
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Stripcasting of Nd-Fe-B alloys. The alloys are cast onto a spinning copper
wheel to achieve rapid cooling rates which enables the creation of fine
grained microstructure. Source CEA Grenoble
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