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Publishable Summary

This deliverable report D5.2, developed within the scope of the MAGELLAN project, evaluates
the potential for responsibly sourcing Rare Earth Elements (REE) from the primary mining
sector in Europe. REE, comprising the 15 lanthanides, along with scandium and yttrium, are
essential components in clean energy, electric mobility, and advanced digital technologies. Of
particular concern are Heavy Rare Earth Elements (HREE) such as dysprosium (Dy), terbium
(Tb), and yttrium (), which face constrained global supply and growing strategic demand.

China dominates the REE supply chain, controlling a significant portion of extraction,
processing, and manufacturing, including the production of rare earth magnets. Specifically,
China produces around 69% of the world's REEs, processes 85-90% of them, and
manufactures approximately 90% of rare earth magnets. Specifically concerning extraction,
China dominates with the Bayan Obo deposit, the main primary source of LREE while the main
primary source of HREE comes from the ion adsorption clay deposits of Southern China and
Northern Myanmar.

Published one year after the adoption of the EU Critical Raw Materials Act (CRM Act), this
report assesses the EU’s ability to meet its target of sourcing at least 10% of its REE demand
through domestic mining by 2030. Despite extensive EU-funded research, there are currently
no active REE-producing mines within the Union. This report identifies nine advanced-stage
mining projects that could represent near-term opportunities for responsible primary REE
production. Where possible, interviews were conducted with project developers to obtain up-
to-date information with full transcripts included in section 9.

Given the likely unavailability of domestic REE production at scale before 2030, the report
underscores the importance of integrating primary sourcing strategies with recycling and
processing initiatives. It highlights recent EU policy actions, including the approval of five
strategic projects focused on REE processing, as critical short-term measures to reduce import
dependency and strengthen the resilience of the EU’s REE supply chain. The report concludes
that a combined approach - leveraging both advanced mining projects and synergies with
recycling - is essential to enhance the EU’s long-term autonomy in critical raw materials.
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Glossary
Term Explanation
CRM Act Critical Raw Materials Act
EoL End of Life
EC European Commission
EU European Union
EV Electric Vehicle
EVTM Electric Vehicle Traction Motor
HREE Heavy Rare Earth Elements
HREO Heavy Rare Earth Oxides
iIREE ion-adsorption REE
LCA Life Cycle Assessment
LCC Life Cycle Costing
LREE Light Rare Earth Elements
LREO Light Rare Earth Oxides
Mt Million metric tons
PEA Preliminary Economic Assessment
PIM Powder Injection Moulding
PM Permanent Magnet
REE Rare Earth Elements
REIA Rare Earth Industry Association
REO Rare Earth Oxides
SRM Strategic Raw Materials
WP Work Package

Page 4 of 66




maceLLan

Contents

V= 6510 T T TS (o] Y USSP 2
PUbBIISNADIE SUMMANY ....eiiiiiiiiiii bbb ennnnnnes 3
GIOSSANY .. 4
1070 0] (=] 0] £ T TP TP PTPTTRRR PSPPI 5
LIST OF FIQUIES ...ttt 6
IO [ o110 T 0T 1o o RN 7

2. Review of existing REE data bases covering mines, mining projects and refiners (from

concentrates to metals) outside of China..............ciiiiiiii e 9
2.1.  Government and public data bases.............cccccviiiiiiiiiiii 9
2.1.1  GEOIOGICAI SUIVEYS..... oo i e e e e et e e e e e e e e e ettt e e e eeaeas 9
2.1.2 Commercial market analysis and consulting firms............ccccccviiiiiii 10
2.2. EU projects related data bases ..o 11

3. Review of REE mining and refining ProjectS ..o 14
3.1 REE mining projects in the World ..., 14
3.2 LREE and HREE in world mining projectS.......cccccoeiiiiiiiiiiiii e 16
3.3 REE mining projects iN the EU ..........oooiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeee 17
3.4 Refiners in the EU and in the World outside China............cccccooiiiiiiiiniiiieniiiiine 18
3.4.1 Overview of value chain and refiniNg..........ccccccvviiiiiiiiiiiiiiiieeee 18
3.4.2 REfINEIS IN EUMOPE ... .ottt e ettt e e e e e e e e e e ettt a e s e e aeeeaaeee 20
3.4.3 Refiners in the world outside ChiNa.............covviiiiiiiiiiiiiiiiiieee e 21
3.5 REE value chain in ChiN@ ..........ooviiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee e 23
3.6 Tailings in REE ProduCTION .......coooiieieeeeeeee e 27
3.7 Co-products and By-products in REE production ............c.ccevviviiiiiiiiieeecceeiinn, 28

4  Advanced mining projects in the EU geographical area............cccccciiiiiiiiiiiiiiiiee e 29
4.1 Status of advanced mining projects in the EU geographic area...............ccccvvvenens 29
4.2 Interviews with advanced mining project developers..........ccooovveeiiiiiiiiiiiiie e 34
4.3 Mineralogy of advanced mining projects in the EU...........cvvviiiiiiiiiiiiiiiiiiiiiiiee 34
4.4 Resources, reserves, processing and basket pricing ...........cccciiiiiie i, 36
4.5 Conclusion on advanced mining projects in the EU.............cccccoiiiiiiiiiiiiiiiiiiiiiiin, 39

5 Sustainability of REE mining projects within the European geographic area.................. 40

T = i = Tor T o USSR 43

Page 5 of 66



maceLLan

7. CONCIUSION .ottt e e e e e ettt e e e e e e et e e e e e e e e aana 45
8. REIBIEINCES ... 47
9. Interviews with advanced mining project deVelOpers ............iviiiiiieeeiiieiiie e 52
9.1 Rare Earth NOrway (FEN) ......oovvviiiiiiiiiiiieieeeeeeeeeeeeeeeeeeeeeeee e 53
9.2 REE MINEralS (FEN) .ceeeiiiiiiiiiiiiiieeeeeeeee ettt 57
9.3 Leading Edge Materials Corp. (NOIra K&rT) ......cccoeeiiivviiiiiiie e 59
9.4 Finnish Minerals Group (SOKI) .......coovvviiiiiiiiiiiiiiiiiiieeeeeeeee 62
9.5 Energy Transition Metals (Kvanefield).........cooooeiiiiiiiiiiii e, 65

List of Figures

Figure 1 : Periodic table of elements with LREE and HREE highlighted [1]..............cccovvvnnnni.. 7
Figure 2 : Listing of EU funded research projects targeting REE ...............ccccccviiiiiiiiiinnnnnnns 12
Figure 3 : Example of RMIS query showing location of EU REE medium deposits............... 13
Figure 4 : Current global distribution of REE projects, including both active mines and
= To V7= LTt <o I o] o T=T ot £ - PR 15
Figure 5 : Table with the top 30 REE projects by estimated total value..................cccoovvvvnnnn.. 15
Figure 6 : Magellan value chain and short loop recycling “3” ... 20
Figure 7 : CRM Act - March 2025 Strategic Projects locations.............ccccoovvvieieiieeeeieiiiiinnnnn. 21
Figure 8 : Recent investments in REE value Chain. .................uuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiees 22
Figure 9 : Lynas industrial activities in the sectors of REE mining and RE metal refining......23
Figure 10 : Location of advanced mining projects inthe EU. ..............cooooiiiiiininniiinn, 29
Figure 11 : Table with summary of AEUREEMP.............uuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeeees 31
Figure 12 : Table with summary of AEUREEMP............ccoooiiiiiiiii e 32
Figure 13 : Stage of maturity of the AEUREEMP ..............ouiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiie 33
Figure 14 : Lifecycle of a Mineral diSCOVEIY ...........uuuuuuuuiiiiiiiiiiiiiiiiiiiiiiiiiiiiieiieeeeneeieaeeeeenenenee 33
Figure 15 : Required time to build a mine, from discovery to production [20].............cc.uuee.... 34
Figure 16 : Table with EU REE projects and mineralogy in red..............cccuvevvveeiieiiinieiinnnnnn. 35
Figure 17 : Detailed mineralogy on the EU advanced REE projects. ..........cccoevvvieeeeiieiinnnnnnn. 36
Figure 18 : Detailed REE breakdown of the EU advanced REE projects. ............ccccoevvvnennnnn. 37
Figure 19 : Industrial, academic and R&D synergies for developing European metallurgical
exploitation based on REE primary and secondary resources in the EURARE project. ........ 39
Figure 20 : Price development of the elements neodymium (Nd) and dysprosium (Dy) with a
purity of 99 % since January 2004 ... 43
Figure 21 : Price Comparison of raw material costs for producing an example NdFeB magnet
from primary material and recycled raw materials in the years 2017 and 2022...................... 44

Page 6 of 66



maceLLan

1. Introduction

The MAGELLAN HORIZON project, which stand for “MAGnets in rEsiLient suppLy chAiNs”, is
a groundbreaking initiative aiming to develop a cost-effective and advanced solution for electric
vehicle traction motors (EVTMS) in Europe to engineer a highly efficient and sustainable Rare
Earth Elements (REE) Permanent Magnet (PM) value chain. This Deliverable D5.2 report is
established within the framework of MAGELLAN to assess the feasibility of responsible REE
extraction from advanced mining projects, in alignment with Europe's broader strategic
objectives.

One of the core principles of the MAGELLAN project is the recognition that a substantial body
of research on REE has already been funded by the EU through various projects. To build on
this foundation, the project aims to avoid duplicating past efforts by referencing existing work
and recent scientific publications where possible, while seeking to deliver added value by
incorporating direct, real-world insights from project partners.

REE are a group of 17 chemically similar metallic elements, comprising the 15 lanthanides
(from lanthanum to lutetium), along with scandium and yttrium. Due to their geochemical
similarity, REEs are difficult to separate and are typically categorized into two subgroups based
on atomic weight:
e Light rare earth elements (LREE): lanthanum to samarium.
e Heavy rare earth elements (HREE): gadolinium, terbium, dysprosium, holmium,
erbium, thulium, ytterbium, lutetium, along with yttrium and scandium.
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Figure 1: Periodic table of elements with LREE and HREE highlighted [1]
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Within the HREE group, dysprosium (Dy), terbium (Tb), and yttrium (Y) are considered
particularly critical due to their limited global supply and growing strategic importance in clean
energy technologies. Dy and Th, often used in conjunction with neodymium (Nd), are essential
for the performance of Nd-Fe-B permanent magnets (PMs), which play a crucial role in electric
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vehicles and wind energy applications. Dy, in particular, enhances thermal resistance and
mitigates demagnetization, making it indispensable for high-temperature applications.

This report comes one year after the adoption of the EU Critical Raw Materials Act (CRM Act),
which aims to ensure a secure and sustainable supply of critical raw materials essential to
achieving the EU’s climate neutrality and digital transition goals by 2030. The Act sets
ambitious targets for strategic raw materials:

e At least 10% of annual consumption sourced from domestic mining

e 40% of processing capacity located within the EU

e 25% of demand met through recycling of end-of-life products

Within this policy context, this report acknowledges the significant progress already made
through EU-funded research and innovation in the REE domain with well over 500 million EUR
spent on EU research projects since 2013.

However, the report also highlights the critical gap: as of today, no REE-producing mines are
operational within the EU. The first REE production is expected to come from advanced-stage
mining projects which can be qualified as being at the resource definition stage and ideally
progressing toward feasibility studies.

This report identifies and evaluates nine advanced mining projects across Europe, and where
possible, includes insights gained through interviews with project developers to capture the
latest data and perspectives.

Given the likely inability to achieve meaningful REE mining output within the EU by 2030, the
report emphasizes the urgent need to pursue synergies with recycling as a key strategy to
enhance the EU’s self-sufficiency in critical raw materials. Encouragingly, recent developments
such as EU’s recent approval of five strategic projects focused on REE processing, as well as
growing investment in domestic processing infrastructure, offer a promising path forward. In
the near term, enhanced REE processing capabilities may provide the most realistic
opportunity to reduce import dependence while laying the groundwork for a more resilient,
mining-inclusive supply chain in the longer term.
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2. Review of existing REE data bases covering mines,
mining projects and refiners (from concentrates to
metals) outside of China

2.1. Government and public data bases
Several databases cover REE mines, mining projects, and refiners globally, excluding China,
which dominates the industry. Two main groups of such sources can be identified:

1. Geological surveys, and

2. Commercial market analysis and consulting firms

An overview of these two sources of information is provided in this section. While not
exhaustive, this introduction to the sector provides the reader with a first methodological
approach to the origin of the information.

2.1.1 Geological surveys

The first three entries are European based national geological surveys and do allocate part of
their activities to REE. The BRGM plays a crucial role in identifying REE occurrences and
supporting sustainable resource exploitation. As part of Germany’s critical raw materials
strategy, DERA supports securing REE supply chains for high-tech industries, renewable
energy systems, and electric mobility. Finland, rich in REE-bearing minerals like monazite,
bastnasite, and xenotime, has made GTK a leader in exploring critical raw materials. More
specific objectives are presented below.

BRGM (Bureau de Recherches Géologiques et Minieres) — France:
e Geoscientific Research

Resource Management

Risk Prevention

Climate Adaptation

Data and Mapping

Support for Public Policy

DERA (Deutsche Rohstoffagentur) — Germany:
e Raw Materials Monitoring

Resource Efficiency

International Cooperation

Advisory Services

Innovation Support

GTK (Geological Survey of Finland) — Finland:
e Mineral Resources Exploration

Energy Transition

Geoscientific Research

Digital Innovation

Environmental Solutions

Business and Industry Support
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BGS (British Geological Survey) — UK:

e BGS offers detailed information on REE resources and production globally. They
provide reports, maps, and databases covering REE deposits and production outside
of China.

e The BGS World Mineral Statistics database offers valuable insights into REE
production from various countries.

US Geological Survey (USGS) — USA:
e The USGS provides comprehensive data on REE production, reserves, and resources
globally through its Mineral Commodity Summaries and Mineral Yearbooks.
e The Mineral Commodity Summaries offer an annual overview of the global REE
market, including production statistics and major producers outside of China.
e The Mineral Yearbooks delve deeper into individual countries' REE production and
reserves.

Geological Survey of Canada (GSC) — Canada:

e (Canada is home to significant REE resources, particularly in the Canadian Shield and
northern territories. GSC conducts research to expand REE exploration and support
sustainable mining development. More broadly, the GSC focuses on providing
geoscientific knowledge to support Canada’s resource development, public safety, and
environmental stewardship. Its missions include:

o Geoscientific Research and Mapping
Natural Resource Assessment
Natural Hazard Mitigation
Environmental Management
Arctic Research
Public Data and Tools

O O O O O

Minerals Education Coalition (MEC):
e MEC provides educational resources and data on minerals, including REEs. Their
database includes information on global REE production, reserves, and mining projects
outside of China.

2.1.2 Commercial market analysis and consulting firms

Metal Bulletin:
¢ Metal Bulletin offers market intelligence reports and databases covering various metals
and minerals, including REEs. Their databases provide information on REE mines,
projects, and refiners globally, excluding China.

Wood Mackenzie (Roskill):
e Wood Mackenzie is a leading source for market analysis and consulting in the metals
and minerals industry. They offer reports and databases covering REESs, including
information on mines, projects, and refiners outside of China.

CRU Group:
e CRU Group provides market analysis and consulting services for various industries,
including mining and metals. They offer reports and databases covering REEs,
including information on production, reserves, and projects outside of China.

Adamas Intelligence:

e Adamas Intelligence are leading consultants in metal intelligence specialized in two
specific sectors: rare earths elements and battery metals. For REE, services include

Page 10 of 66



maceLLan

REE magnet outlook, REE pricing, EV motors materials and industrial policies amongst
others. Specific consulting services are also available for feasibility studies, due
diligence and management strategy.

Benchmark Mineral Intelligence:

e Benchmark Mineral Intelligence was formed in 2014 by a new generation of industry
experts who strived for a robust, independent way of collecting market sensitive
information. Benchmark specialises in assessing market prices, supply chain data,
forecasting and strategic advisory for the technologies and supply chains central to the
energy transition. Products and services cover:. price assessments, forecasts,
sustainability, market assessments and consulting.

Mindat.org:
¢ Mindat.org is a comprehensive mineral database that includes information on REE
deposits, mines, and occurrences worldwide. While not specifically focused on REEs,
it offers valuable data on global mineral resources, including those outside of China.

TRADIUM:

e TRADIUM is a trading company supplying a range of innovative industrial sectors that
use technology metals, rare earth metals and precious metals, including electronics,
automotive, glass and ceramics, and dental technology. TRADIUM has acquired a
renowned position worldwide in rare earths and technology metals and maintains good
international contacts with producers and consumers.

These databases collectively provide a wealth of information on REE mines, mining projects,
and refiners outside of China. Researchers and industry professionals often consult multiple
sources to obtain a comprehensive understanding of the global REE market and its dynamics.

It is also worth mentioning the Rare Earth Industry Association [2] (REIA), an international non-
profit organisation representing the global REE industry founded as a consequence of initial
funding by the EIT RawMaterials, providing valuable insights into all aspects of the REE sector.

2.2. EU projects related data bases

A total of 31 EU funded research projects, mostly by the Horizon 2020 and Horizon Europe
programmes, have been developed over the past 13 years for a cumulative investment of
approximately 500 million EUR as illustrated in Figure 2.
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1 3D REMAG NdFeB powders for 3D printing technology

2 CIRMET Plasma HPTP prototype for treatment of industrial wastes containing high value metals

3 DEMETER Training Network for the Design and Recycling of REE PM Motors and Generators in Hybrid and Full EV

4 DysCovery Recovery of critical REE by long route -hydrometallurgical-

5 EREAN European Rare Earth Magnet Recycling Network

6 EURARE Sustainable exploitation scheme for Europe’s Rare Earth ore deposits

7 FUTURAM Develop the Secondary Raw Materials knowledge base on the availability and recoverability of SRMs within the EU with a focus on CRM
8 GREENE Single-Grain re-engineered Nd-Fe-B Permanent Magnets

9 HARMONY Create a comprehensive recycling process for NdFeB magnets. Collection and recycling steps will be implemented in 8 pilots to final TRL 6-7
10 HEFT Novel concept of a low cost, high power density and highly efficient recyclable motor for next generation mass produced electric vehicles
11 INSPIRES Sustainable magnet extraction and recycling from home appliances

12 LOWREEMOTORS  PM Motor design for automotive with low CRM with PIM process

13 MAGELLAN Highly advanced manufacturing PM processes and new designs for the manufacturing of optimised EVTM

14 MAXYCLE Standardisation and classification for contamination levels of EoL magnets, labelling system

15 NEOHIRE New NbFeB based materials, fabrication and recycling to lower REE consumption in wind energy

16 NEW-RE Improved EoL PM management by ensuring high-quality material recycling, leaching from acidic organic solutions in HDD and EV

17 PASSENGER Improved Sr-ferrite MnALC alloy as a substitute to guarantee a sustainable PM production in EU

18 PERMAFROST Fast track project, assessment of the wind turbine PM recyclability via the melting route (magnet to alloy)

19 REE4U Recovery of critical REE by long route : integrated high temperature electrolysis (HTE) and lon Liquid Extraction (ILE)

20 REEPRODUCE Recovery of critical REE by long routes

21 REESILIENCE Aims to build a more resilient and sustainable supply chain for RE magnetic materials and products in EU

22 ReFreeDrive REE PM content reduction : PM demagnetisation integrated to motor design necessary for the robust PIM PM functional shapes design
23 REMANENCE Processes for recovery and recycling of NdFeB PM from a range of WEEE

24 SecREEts Secure supply of critical REEs based on sustainable extraction from EU apatite sources used in fertiliser production

25 SUPREEMO Sustainable European Rare Earth Elements production value chain from priMary Ores

26 SUSCRIMAT Supporting European Education on Sustainable Critical Materials

27  SUSMAGPRO Sustainable Recovery, Reprocessing and Reuse of Rare-Earth Magnets in a Circular Economy

28  TranSensus Harmonization of a transport-specific Life-Cycle Assessment (LCA)

29 UPGRADE Design and achieve the upscaling of a fine microstructure in the strip-cast ribbons that leads to high coercive NdFeB PM

30 VALOMAG Disumantling of EoL applications for extraction of PM and their recycling in short loop processes

31  VIP+ Upscaling of the 2-powder method for production of PM with reduced CRM

Figure 2 : Listing of EU funded research projects targeting REE

Figure 2 shows that EU funding was heavily skewed towards technology and recycling with
only three projects clearly targeting the primary REE sector (highlighted in red).

The European Commission’s Raw Materials Information System (RMIS) can be considered as
a response to a commitment in the 2015 Circular Economy Action Plan, led and maintained by
the Joint Research Centre (JRC). Its latest version (the so-called RMIS 3.0, released in March
2023), introduces major upgrades in terms of web-layout, visual interface and improved search
functions. RMIS covers the entire value chains of raw materials (mostly metals and minerals
from primary and secondary sources) and takes into consideration the materials’ full life cycle.
It provides knowledge on raw materials and associated value chains in the context of
sustainability, including supply risks and circularity [3].

The map illustrated at Figure 3 is generated when the following criterion are applied
(https://rmis.jrc.ec.europa.eu/geological-data-157d8a):

e Country: All

¢ Commodity: Rare Earth Element

e Importance: Medium deposit
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3. Review of REE mining and refining projects

3.1 REE mining projects in the world

Before turning the attention to REE Mining projects in the EU, global contextualisation is
necessary. A recent scientific article titled “Global rare earth elements projects: New
developments and supply chains” [4] published in 2023 provides an unparalleled view worth
referencing.

As widely noted, REE are not rare, and occurrences of mineralisation are plentiful. The level
of project development, and therefore deposit size, grade and individual REO ratio, are the
important parameters for the current study. S.-L. Liu et al. clearly highlight the importance of
this notion in their work:

“There are numerous examples of REE mineralization reported worldwide, but most of them are at the stage of
discovery and scientific investigation. The present study only concerns the REE projects which are reported by
listed companies and governments. These projects are likely to have a better chance to undergo further exploration
and prefeasibility evaluation. Among them, those projects under production are referred to as “active mines”; the

others are referred to as “advanced projects”, but both are considered “REE deposits” in this study.”

While there are 17 elements, it should be noted that, for the energy transition, and more
specifically the electric mobility, the value is concentrated in 4 elements: Nd, Pr, Tb and Dy.
The approach by S.-L. Liu et al. aims to isolate projects that can likely be developed as
commercial producing mines in the next 5 to 10 years. Their study provides a very constructive
data base reported as:

“The database is built on data collected from the following sources: company annual reports and public
presentations, government reports, and papers in various scientific journals. The data collection was conducted
until July of 2022 (Table S1%). The following information is included in the database: project name, owning
companies, geographic location, project status, resources (in REO), grade, deposit type, major REE minerals, and
individual REO percentage. Affiliated pilot/processing plants and the flow of products at different stages are also

documented.”.
Looking at the economic aspect of REE resources, S.-L. Liu et al. report:

“The estimate of rare earth resources and thus their value (V) is dictated by three parameters: TREO quantity,
individual REO ratio, and REO price. It was calculated as follows: V = TREO x (Wira X PLa + Wce X Pce + Wpr X Ppy
+ Wnid X Pnd + Wsm X Psm + Weu X Peu + Waed X Ped + Wb X Pt + Wpy X Ppy + Wer X Per + Wy x Py) where Wi is the
proportion of corresponding REO in TREO, and the Pi is the average price of corresponding REO during January

1, 2022 to July 15, 2022.”.

While this formula incorporates all REE, it should be noted that four REE, namely Nd, Pr, Tb
and Dy, are the most valuable ones in this calculation as they account for around 90% of the
overall REE value despite Nd, Pr, Th, and Dy usually accounting for less than 20% of the
overall REE distributions (Kennedy, 2022). This means that the remaining 80% of the REEs
together account for approximately 10% of the entire value. The majority of RE metals are Nd,
Pr, Th, and Dy when converted to metallics. The balance only makes up 5% of the value
because RE metals account for 95% of the total.

1Link to the data Excel table
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Figure 4 : Current global distribution of REE projects, including both active mines and advanced projects

(4]

The top 30 REE projects by estimated total value.
Project Company Location Deposit type REE mineral Total Grade HREE Vi
Resource (wi. %) percentage
(= 10%,
REO)
Bayan Obo China Northern Rare Earth Asia (& il EEH i 10,000 5.6 1.13% 22549.04
(Group) High-Tech Co., Lid
Tanbreez Tanbreez Mining Greenland Greenland Alkaline rock eudialyte 2900 0.617 31.0% 9826.09
AS
South China China Rare Earth Group Asia lonic Clay MREE & HREE 840 0.02 5L.1% 4441.978
€0, LTD
Kvanefjeld Greenland Minerals Limited Greenland Alkaline rock steenstrupine-(Ce), lovozerite 1114 1.1 11.6% 2665.411
Lovozersky LLC Lovozersky GOK Europe Alkaline rock loparite 717.4 112 4.45% 1631.777
Nam Xe Vietnam Asia Carbonatite parisite 770 1.375% 1626.108
Longanjo Pensana Rare Earths Plc Africa Carbonatite REE carbonates and phosphates 447 1.43 5.04% 1205.817
Ashram Commerce Resources Corp North Carbonatite bastnisite, monazite, xenotime 468.686 1.88 3.50% 1186.801
America
Ngualla Peak Resources Africa Carbonatite bastnasite 462 215 L60% 1086.319
Fen REE Minerals Holding AS Europe Carbonatite bastnasite 437 0.9 3.02% 1048.427
Cataldit 1 South Carbonatite monazite 654.5 55 0.3% 1015.511
America
Maoniuping China Rare Earth Group Asia Carbonatite mastnasite n7 295 11.1% 940.4606
0., LTD.
Tomtor ThreeAre Mining LLC Asia Carbonatite monazite, xenotime, pyrochlore 32329 11.99 9.1% 870.932
group
Mount Weld Lynas Rare Earths Australia Carbonatite pseudomorphs monazite 300 5.4 3.97% 833.0955
Mountain MP Materials North Carbonatite bastnisite 4183 8.9 0.4%% 748.6094
Pass America
Dongpao Toyota Tsusho & Sojitz Asia Carbonatite ‘bastniisite 31 10 0.95% 573.5643
Corparation
Nechalacho Vital Metals North Alkaline rock fergusonite-(Y), zircon, 1387 1464 8.70% 510.6897
(Thor Lake} America ‘monazite, bastnasite, allanite,
parisite
Olympic Dam  BHP Australia 10CG (Tailings)  bastnisite, glorencite 6111.05 0.55 482.1293
Nolans Arafura Resources Australia apatite, ite, allanite 1456 26 2.87% 429.1201
10CG
Serra Verde Serra Verde mineracao South lonic Clay MREE & HREE 109.32 0.12 23.3% 376.9453
America
Elk Creek NioCorp Developments North Carbonatite 104 0.3504 12.0% 330.4565
America
Araxi CBMM South Carbonatite 120 3 2.33% 253.8959
America
Zandkopsdrift Frontier Rare Earths Led. Africa Carbonatite monazite 86.8 2.04 7.26% 232.1536
Strange Lake Torngat Metals Limived North Alkaline granite bastnasite, zirconosilicates, 492 0.89 37.3% 184.2103
America ferriallanite-(Ce), gadolinite-(Y)
Round Top Texas Mineral Resources North Rhyolite yttrofluorite, yttrocerite, 57 0.06 74.2% 176.0614
Corp. America bastnisite, xenotime
USA Rare Earth LLC
Dubba Australian Strategic Australia Alkaline rock REE carbonates, eudialyte 55.63 0.74 23.1% 175.5669
Materials group
Makuutu Ionic Rare Earths Africa lonic Clay aluminosilicate clays 3448 0.064 25.9% 140.4955
Bear Lodge Rare Element Resources Ltd ~ North Carbonatite REE carbonate and 498 3.05 3.48% 134.0381
America fluorocarbonate, monazite
Yangibana Hasting Technology Metals Australia Carbonatite monazite 26.64 0.97 6.92% 128.9205
Red Wine Canada Rare Earth North Alkaline rock monazite, cerium-caleium 48.38 118 6.00% 128.0233
(TwoTom)  Corperation America silicate

Figure 5: Table with the top 30 REE projects by estimated total value
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Turning to the results of the study, the authors highlight the following below, which is illustrated
by Figure 4:

“This database reveals a total of 146 ongoing REE projects at an advanced stage (including advanced projects and
active mines) around the world. They are owned by at least 84 companies together with governments. These
projects involve 124 deposits, totalling over 303.4 million tons of REOs. These REE resources are mainly contained
in five types of deposit: carbonatite, alkaline rock/alkaline granite, ionic clays, I0CG/hydrothermal, and placer.
Currently, four types (carbonatite, alkaline rock, ionic clays, and placer) are under commercial development, with

the carbonatite type projects/deposits dominating active production.”.

Figure 5 provides a 2023 updated list of the top 30 world REE projects by estimated total value
[4] thereby offering a useful benchmark to assess the EU situation. It should be noted that the
Chinese Bayan Obo deposits are, by far, the largest known geological occurrence of REE on
earth.

3.2 LREE and HREE in world mining projects

As mentioned in the introduction, the REE are a group of 17 chemically similar, metallic
elements that include the 15 lanthanides (lanthanum to lutetium), plus scandium and yttrium.
The REE are typically divided into two groups based on their atomic weights: (1) the light rare
earth elements (LREE) and (2) the heavy rare earth elements (HREE).

Given their importance in the Electric Vehicle Traction Motor (EVTM) industry, HREE are of
specific concern for the MAGELLAN project. Additionally, and as highlighted in the title of the
current report, MAGELLAN aims to investigate potential synergies between REE from the
primary sector and recycling.

Review of the work by S.-L. Liu et al. highlight key information regarding LREE and HREE
categories of REE deposits.

They confirm that “Carbonatite magmatism prefers rift or extensional environment and are the primary source
for LREE deposits”.

The authors also report that:
e On world distribution outside China “Europe, North America, and Greenland are dominated by
alkaline igneous rock types; South America mainly has carbonatite-type resources concentrated in Brazil”.
e On clay deposits “The economic ionic clay deposits have attracted much research and industrial
attention because of their HREE-enriched nature”.
e Concerning Europe “It should be noted that Greenland stands out in terms of both total tonnages and

value of REE resources. Two advanced projects alone account for 13% of the total resources, and 22%
of the total values reported in this study. This is due to large quantities of HREE which generally have high

prices and less global resource volume.”.

Moreover, S.-L. Liu et al. importantly mention the following regarding ionic clays: “The HREE
projects mainly occur in alkaline rocks and ionic clays. Currently, ionic clays are only mined in China and Southeast
Asia. In recent years, many HREE projects have been revived in the US and Canada. These projects are strongly
promoted by local governments, which gives them great potential to eventually operate, even though they may not

be as economical as ionic clays type HREE deposits in Asia.”.

Finally, and very importantly a key part of the author’s discussion is worth referencing in its

entirety: “Alternatively, if the resources are huge, a significant tonnage of HREO will also be contained even if it
is an LREE project. After recalculating the LREO and HREO resources separately for different regions, Asia has
significant HREO resources, although the HREO only account for 4.6% of its total REO resource. Greenland is
another region, containing higher HREO resources than other regions among current REE projects. Although they
all have considerable heavy rare earth resources, the types of deposits are very different. The HREE in Asia mainly
source from ionic clays deposits in South China and Southeastern Asia, where these elements are hosted in
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weathered granitic bed rocks. They are also considered as the world’s primary source of HREE, despite being low
grade (~0.02 wt%) compared to primary hard-rock type deposits (Fig. 5), because economic exploitation of them is
viable through REE extraction by low-cost in situ or heap leaching. In contrast, the majority of the HREE in
Greenland are hosted by alkaline rocks type deposit. It means new metallurgical techniques are required to process

REE-silicate minerals (steenstrupine and eudialyte) and thus may cause difficulties in rapid and efficient utilization.”.

China is dominating the world REE production with the main primary source of LREE being
the giant Bayan Obo deposit in Northern China, while the main primary source of HREE comes
from the ion adsorption clay deposits of Southern China.

The Bayan Obo carbonatite-related rare-earth-element-niobium-iron (REE-Nb-Fe) ore deposit,
located in the Inner Mongolia region of China, is the largest REE resource in the world. The
REE, niobium, and iron mineralization within the deposit are intrinsically related to the dolomite
carbonatites and the extensive alteration of the country rocks caused by the carbonatite
magma intrusion (Li et al., 2023 [6]). REE reserves in the Bayan Obo ore deposit are 57.4
million metric tons (Mt) with an average grade of 6% RE>O3 (Fan et al., 2016 [7]). Potential
resources are estimated up to 333 Mt (Li et al., 2023 [6]). LREE, mostly Ce, La and Nd, occupy
97% of total REEs. More than 80% LREE resources in China are distributed in the Bayan Obo
region. The deposit was discovered in 1927 as an iron deposit, and first reports of REE
minerals were published in 1935 (Dushyantha et al., 2020 [8]). The mine started the production
of rare-earth concentrates in 1957 (Tse, 2011 [9]).

lon adsorption clay deposits are another type of unique REE deposits typically found in
Southern China and Northern Myanmar, Malaysia, and Brazil as weathered-crust elution-
deposits with HREE enrichments. These clay deposits are formed through a process of REE
leaching from granite, granite porphyry or even gneisses by groundwater under high
temperature and humidity where RE minerals are dissolved in groundwater (Dushyantha et
al., 2020 [8]). The REE content of ion-adsorption REE (iREE) deposits is relatively low (0.05
wt%-0.3 wt%), but they are relatively rich in HREE and provide over 90% of the world’s HREE
products (Wu et al., 2023 [10]). The in-situ leaching method using ammonium sulphate as
leaching agent has been applied in REE extraction in these deposits. This has caused severe
environmental pollution in the region. In recent years the mining activity in Myanmar has
expanded many times faster than across the border in China (Chinaka et al., 2023 [11]). This
has led to assumptions that China has outsourced much of the REE extraction to Myanmar
due to the pollution generated by this activity.

3.3 REE mining projects in the EU

An excerpt from the article titled “Europe's rare earth element resource potential: An overview
of REE metallogenetic provinces and their geodynamic setting” [5] and published with the
support of the EURARE project provides a good introduction to the subject of REE mining

projects in the EU: “Although the majority of the rare earth elements were originally discovered in European
samples, chiefly from the Bastn&s and Ytterby mines in Sweden (Gadolin, 1794; Hisinger and Berzelius, 1804;
Williams-Jones et al., 2012) there is no recent history of REE mining in Europe. Exploration over the last decade
has identified some major REE deposits, particularly in Greenland and the Fennoscandian shield, but it is likely that

more extensive primary resources of the REE remain to be identified.”

This observation is in line with the data presented in section 2.1 which highlights that
Greenland stands out in terms of both total tonnages and value of REE resources. Quite
notably, as illustrated by Figure 5, the European geographical area hosts 3 of the ten largest
deposits, which are, with their respective positions: (2) Tanbreez, (4) Kvanefjed and (10) Fen.
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3.4 Refiners in the EU and in the World outside China

As mentioned in the EURARE project: “Currently, Europe does not have industrial-scale REE
beneficiation or leaching but has some capability for REE separation: this includes the Solvay plant at
La Rochelle in France, and the Silmet plant in Estonia (Guyonnet et al., 2015). At the time of writing,
activities at both plants are limited, due to the concentration of the REE separation industry in China
(Wall et al., 2017). A new demonstration plant for REE separation is currently under construction in
Norway by the company REEtec, which has previously carried out REE separation at pilot-scale”.

3.4.1 Overview of value chain and refining

The REE refining value chain comprises several stages, transforming raw ore into individual
oxides, high-purity metals or alloys used in high-tech applications as described below.

Step 1: Exploration and mining: REEs ores are located and extracted via open pit or
underground mining. Mining is often complex and expensive because REEs are usually found
in small economic concentration (ore bodies). There are presently no mining exploitation
activities for REE’s taking place in Europe. The most well-known primary deposits are those
associated with Mesoproterozoic alkaline rift-related magmatism in Greenland and Sweden
and with Neoproterozoic carbonatitic magmatism in the Fen region in Norway [12].

These low-grade REE-bearing ore minerals are intricately intergrown with gangue minerals,
leading to tailings that represent about 95% of the processed volume (1-3 Mtpa), as noted in
the EURARE report. Consequently, efficient beneficiation technologies are essential to liberate
and concentrate the valuable minerals.

Step 2. Beneficiation

The processing of rare earth associated with normal mining procedures involves the crushing
of ores into gravel size and the energy intensive milling operation to obtain fine particles or silts
of different grain mineral. The silts are then further processed to separate the desirable mineral
from the other nonessential minerals in beneficiation steps. A comminution process (crushing,
grinding) is monitored guaranteeing a steep particle size distribution with highest degree of
mineral liberation. Followed by effective sorting techniques such as using novel combination
of fast sensors (XRT, XRF, NIR), and gravimetric sorting machines or magnetic separation to
reduce the downstream processing e.g., equipment size, energy for milling, cost of reagents,
depressants, treatment of contaminated tailings, etc. Finally, the ore is treated in flotation tanks
for efficiency recovery of rare earth concentrates. This is a versatile method widely used for
separating minerals in low-grade REEs complex ores by exploiting the differences in their
surface wettability. Several investigations are conducted with principal REE minerals
(bastnasite, monazite etc) by rendering the surface hydrophobicity using fatty acids or alkyl
hydroxamate and by coating gangue phases with depressants to enhance surface
hydrophilicity. The REE minerals are concentrated in the froth while gangue minerals are
concentrated in the corresponding tailing [13].

Step 3: Extraction and processing

This stage treats mineral concentrate by extracting REEs from complex structures using
hydrometallurgical processes by testing different lixiviant (acidic, alkaline and organic acid).
The desired process efficiency will be achieved by altering different parameters; molarity of
lixiviant, temperature, contact time, stirring, solid-to-liquid ratio, etc. The end line product is
pregnant liquor (mixed rare earth oxides) that is suitable or optimized for the separation
processes in the next step.

Step 4: Separation and purifications

This step isolates individual REO from the mixed compound. The most common process is
solvent extraction, separating REEs based on their chemical properties. The technology is
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based on the difference of extraction from an agueous phase to an organic phase along the
lanthanide series by different organic molecules. Due to the high similarity between the
lanthanides a single process does not allow the desired purity to be obtained, and this single
step must be repeated a large number of times. The multistep process is made in a so-called
extraction battery of mixer settlers where both phases (aqueous and organic) are circulating
counter [13]. Each separation process is structured into four key stages: loading, extraction,
scrubbing, and stripping. Another commonly used technique is ion exchange, which separates
REEs by selectively removing and exchanging ions from a solution. It involves using a resin or
other material with specific binding sites to capture REEs from a mixed solution and then using
different eluting agents to release each REE separately. This method is particularly effective
for separating REEs based on their ionic radius and affinity for chelating agents [15]. The
produced high-purity individual REE oxides or salts will then be sent for metal production.

Step 5. Metallisation and conversion of REEs

In this step REOs are converted to high purity Rare Earth Alloys (REAS) through molten salt
electrolysis. The REO-mixture is fed into the cell, whereas the conversion process was
continuously monitored in terms of cell voltage (energy consumption), current, temperature,
cathode immersion, anode consumption, current distribution in the anodes and gaseous
emissions (CO2, CO, HF and CF.). The electrolyte used is typically a mixture of rare earth
fluoride (REF3)-lithium fluoride (LiF) in an equimolar composition. Upon applying a direct
current in the cell, rare earth cations migrate towards the tungsten inert cathode, where they
undergo reduction to form a metal or alloy [16].

Step 6. Magnet Production

PMs are produced from commercial raw materials all the way up to the final magnet. The
process includes casting, hydrogen decrepitation, milling, pressing, sintering plus heat
treatment and in the end final shaping and magnetic characterisation.

In the secondary value chain, long-loop and short-loop recycling represent two distinct
strategies for recovering REEs from permanent magnets, particularly neodymium-iron-boron
(NdFeB) magnets.

Step 7. Magnet Recycling

Short-loop Recycling (Direct Recycling)

Magnets are recycled with minimal processing, often retaining their magnetic or alloy form.
The process involves sorting, cleaning, and sometimes re-shaping the magnet either as
magnet-to-magnet or alloy-to-alloy recycling. In this case, end of life magnets or swarf
(machining scrap) are re-processed directly as new magnets without full chemical breakdown.
The main advantage of the short loop recycling is low energy and chemical use, able to
maintain magnetic properties and less environmental impact. Some challenges to the short
loop recycling include availability properly sorted and cleaned feedstock, hard to scale if
feedstock is contaminated or mixed with other materials and less flexible as rare earth ratios
cannot be adjusted easily.

Long-loop Recycling (Chemical/Metallurgical Recovery)

In the long loop process, magnets are completely broken down to extract individual rare earth
elements by full hydrometallurgical (acid leaching) or pyrometallurgical processing. The
process aims to extracts Nd, Dy, Pr, as oxides or metals. The process is flexible as extracted
rare earths can be used for other applications. The process also useful for mixed, low-quality
feedstocks or degraded magnets. The process allows the production of fresh, high-
performance rare earth oxides from even heavily oxidised or contaminated scrap, the process
is both resource and capital intensive. Extracting neodymium, praseodymium, dysprosium, and
terbium from a wide mix of feedstocks can require many separation stages with each stage
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demanding power, reagents, and skilled oversight and cost factors that must be optimised at
scale.

Both routes are complimentary as there is no single, universal solution to recycling permanent
magnets. Both routes face same challenges — ranging from feedstock availability, market
volatility and design-for-recycling deficiencies to complex regulatory hurdles.

The Magellan process offers an innovative, sustainable, environmentally friendly, and cost-
effective alternative to the complex primary value chain and conventional recycling methods.
It introduces several short-loop pathways that eliminate the need for energy-intensive
metallisation processes, enabling the production of magnets with quality comparable to those
made from virgin materials, as illustrated in Figure 6.

Electro- . .
reduction s"_?g'"g REE Magnet Component Device
— REE powders production integration integration
=z ribbons

t 4t

Long loop 4: n Short loop 1:

Hydrometallurgy repurpose

Characterisation Extraction Collection of
& & End-of-Life
Sorting Dismantling Magnets

Figure 6 : Magellan value chain and short loop recycling “3”

Industrial Machines

3.4.2 Refiners in Europe

The EU is actively working to enhance its REE refining capabilities to reduce dependence on
imports, particularly from China, which currently supplies approximately 95% of the EU's rare
earth requirements.

¢ Neo Performance Materials Narva Plant: Canadian chemical specialty company Neo
Performance Materials is establishing a REE PM manufacturing plant in Estonia with
an initial capacity of 2,000 tonnes/year of sintered NdFeB magnets with a potential
increase to 5,000 tonnes/year, supporting the production of up to 4.5 million EVs/year.
The €100 million investment included €19 million from the EU’s Just Transition Fund.

e Solvay's La Rochelle Plant: Belgian chemical company Solvay is refurbishing its
facility in La Rochelle, France, aiming to supply 30% of Europe's demand for permanent
magnets used in electric vehicles (EVs) and wind turbines by 2030. The plant is set to
begin production in early 2025 and will be the only facility in Europe capable of
processing both light and heavy rare earth materials on an industrial scale.

e Carester Plant: Lyon-based company Carester has begun construction of a rare earth
recycling and refining plant in Lacq, Pyrénées-Atlantiques, after securing €216 million
in funding from the French government and Japanese partners. The site, named
Caremag, is set to begin operations by the end of 2026.
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¢ Pensana Saltend: While not located in the EU but in the United Kingdom, Pensana is
developing a rare earth processing facility at Salt End, near Hull. Once operational, the
plant aims to produce 5% of the global demand for neodymium and praseodymium
oxide, essential for various high-tech applications.

Strategic Projects for the EU
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Figure 7 : CRM Act - March 2025 Strategic Projects locations.

Within the context of the CRM Act, strategic projects are designated to increase EU capacity
to extract, process and recycle strategic raw materials and diversify EU supplies from third
countries. They are or will become technically feasible within a reasonable timeframe, showing
expected production volumes, and implemented sustainably with a sufficient estimated
confidence level [17]. The recent March 2025 designation of five EU strategic projects focused
on REE processing as detailed below and illustrated in Figure 6 further support refining
capabilities in the EU.

e CAREMAG

o LIFE-22-ENV- IT- INSPIREE

e MagFactory

e Pulawy Rare Earths Separation Plant

e ReeMAP Project: Malmberget, Lulea Industrial Park, Per Geijer

3.4.3 Refiners in the world outside China
The global landscape of REE metal refining outside of China is undergoing significant
transformation as various countries strive to reduce dependence on Chinese supply chains.
China currently dominates the rare earths market, controlling approximately 87% of global
refining capacity.

United States Initiatives:

o Phoenix Tailings: This U.S.-based startup has attracted investments from BMW and
Yamaha Motor to develop a low-emission refining process for rare earths. The
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company plans to establish a $13 million facility in New Hampshire, aiming to produce
200 metric tons of rare earths annually by June 2025.

Ucore Rare Metals: Located in Louisiana, Ucore is developing the RapidSX
technology, which is projected to be operational by mid-2025. This method is designed
to be faster and more environmentally friendly than traditional solvent extraction
processes.

Canadian Efforts:

Saskatchewan Research Council (SRC): In Saskatoon, SRC has inaugurated a new
rare earth processing facility, representing North America's latest effort to counter
China's dominance in critical mineral supply chains. The facility is expected to process
minerals from various countries until Canadian mines become operational.

Australian Contributions:

Lynas Rare Earths Ltd: As the largest producer of rare earths outside China, Lynas
operates a significant processing plant in Kuantan, Malaysia. Despite facing market
challenges due to weak Chinese demand, Lynas continues to be a pivotal player in the
global rare earths market.

[ Mountain Pass mine,

New Hampshire Expansion

US investments in Rare Earths value chain

Massachusetts Facility e 5. Thia facilty
Moy, op 0 metric ta
In January 2023, "y, of rare earth metals
Phoenix Tailings began annually

/ commercial-scale
Stillwater,

Oklahoma .

production of rare earth
metals

First batch of
sintered X X
permanent rare " 3
earth magnets .
(lab scale)

Indiana

Heavy REE
separation,

" recycle

.., | neodymium-
based permanent
magnets

FortWorth, Texas

Integrated Magnet
Production: 1,000 metric
tons of finished magnets per
year by the end of 2025.

[ SouthCarolina

California 1000 tons of produced

| San Marcos, Texas

4 rare earth permanent
magnets in 2026 (VAC)

In 2024, 45,000 metric tons
of rare earth oxides (REO)
contained in concentrate,
currently shipping to China
for separation

Production capacity of
"= approximately 2,000 tons
by 2026

Figure 8 : Recent investments in REE value chain.

In summary, while significant strides are being made globally to establish rare earth metal
refining capabilities outside of China, the industry faces ongoing challenges. Continuous
investment, technological innovation, and international collaboration are essential to create a
diversified and resilient global supply chain for these critical materials.
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Figure 9 : Lynas industrial activities in the sectors of REE mining and RE metal refining.

3.5 REE value chain in China

China exerts dominant control over the global REE industry by overseeing a vast majority of
mining, refining, and processing activities. To strengthen strategic oversight and operational
efficiency, China has consolidated its rare earth sector into several key state-owned
enterprises (SOES) as listed below.

China Rare Earth Group Co., Ltd.
a. Established in 2021 through the merger of China Minmetals Rare Earth, Chinalco
Rare Earth & Metals, and China Southern Rare Earth Group.
b. One of the largest rare earth companies globally, controlling major REE resources in
southern China.
c. Specializes in HREE like Dy and Tb, critical for high-tech applications.

China Minmetals Rare Earth (Merged into China Rare Earth Group)
a. Previously a leading REE producer before the merger.
b. Focused on mining and processing LREE, including Nd and Pr, used in magnets and
electronics.

Chinalco Rare Earth & Metals (Merged into China Rare Earth Group)
a. A subsidiary of Aluminum Corporation of China (Chinalco), specializing in REE
extraction and refining.
b. Played a crucial role in integrating rare earth production with aluminum smelting
technology.

China Southern Rare Earth Group (Merged into China Rare Earth Group)
a. Focused primarily on HREE, sourced from ion-adsorption clay deposits in southern
China.
b. Key supplier of yttrium, dysprosium, and terbium for military and renewable energy
applications.
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China Northern Rare Earth Group High-Tech Co., Ltd.
¢ Remains a major independent SOE and the largest producer of LREE.
o Based in Inner Mongolia, it operates the Bayan Obo mine, the world’s largest REE
deposit.
e Its products include rare earth concentrates, magnetic materials, and rare earth
carbonates, all vital for electric vehicles, renewable energy, and electronic devices.

In 2024, China increased its domestic production of rare earths from 255,000 metric tonnes to
270,000 metric tonnes (USGS, 2025 [18]). This dominance is primarily due to several major
mining operations across the country:

¢ Bayan Obo Mine, Inner Mongolia
The Bayan Obo mine is the largest REE mine globally, both in terms of reserves and
production. It accounts for more than 40% of the world's known REE reserves and
nearly half of the global rare earth production (NS Energy, 2020 [19]). In 2019, Bayan
Obo alone contributed approximately 45% of the world's rare earth production (Science
News, 2023 [20]). The mine primarily produces light rare earth elements such as
cerium, lanthanum, and neodymium.

e Maoniuping Mine, Sichuan Province
The Maoniuping mine is the second-largest REE deposit in China after Bayan Obo. It
is an alkaline hard-rock deposit located in Sichuan Province. While specific production
figures are not readily available, Maoniuping is a significant source of light rare earth
elements, including bastnasite and monazite.

e Weishan Mine, Shandong Province
The Weishan mine, situated in Shandong Province, is a carbonatite-related REE
deposit containing both high- and low-grade mineralization (Jia & Liu, 2019 [21]). The
primary REE-bearing mineral is bastnasite. Detailed production volumes are not
specified in the available sources, but Weishan contributes notably to China's rare earth
output.

e Recent Discoveries in Sichuan Province
In September 2024, a significant new deposit of approximately 4.96 million tons of rare
earth elements was discovered in Sichuan Province, near the Liangshan Yi
Autonomous Prefecture (Huffington Post, 2024 [22]). This discovery is expected to
enhance China's already substantial rare earth reserves and bolster its production
capabilities.

China's REE production is not limited to these mines. Other regions, such as Longnan,
Pingyuan, and Chongzuo, are known for medium and heavy rare earth element deposits.
However, specific production volumes for these areas are less well-documented. It's important
to note that China's dominance in rare earth production has significant geopolitical and
environmental implications. The extraction and processing of REEs have raised environmental
concerns, particularly regarding pollution and ecological damage in mining areas. As such,
China continues to balance its production ambitions with environmental considerations and
international demand.

For more than a decade, the country has been cleaning up its act, which includes closing illegal
or environmentally unsound rare earth mining and reducing production and exporting rare
earths (Investing News Network, 2025 [23]). Since China's rare earth industry is dominated by
state-owned miners, the country can theoretically keep a tight hold on production. However,
the Chinese government is still working to curb illegal rare earth extraction, which remains an
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issue (Investing News Network, 2025 [23]). The Chinese government will soon enact stricter
regulations requiring companies involved in rare earth mining, smelting, and sales to maintain
detailed records of product movement and enter this data into a traceability system (Investing
News Network, 2025 [23]). These new regulations become effective in October 2024.

Environmental concerns of REE processing in China

The extraction and processing of REE in China have resulted in widespread environmental
degradation, with serious consequences for ecosystems, agriculture, and public health. REE
are crucial for modern technologies such as smartphones, electric vehicles, wind turbines, and
military equipment, making China’s dominance in this sector globally significant. However, the
environmental cost of their extraction has drawn increasing concern.

One of the most severe issues is soil and water contamination. REE mining often relies on the
use of strong acids, which leach into surrounding environments and acidify soils, rendering
them infertile (Bai et. al, 2022 [24]). Additionally, many REE deposits contain radioactive
elements such as thorium and uranium, and improper waste disposal practices have led to
groundwater contamination (Bai et. al, 2022 [24]).

As a result, local communities have faced reduced agricultural yields and increased health
risks due to the toxicity and radioactivity of the mining byproducts. Air pollution is another
consequence, caused by the emission of toxic gases such as sulphur dioxide and ammonia
during the extraction process. These pollutants contribute to respiratory illnesses and other
health problems in nearby populations, while also exacerbating regional air quality issues.
Moreover, radioactive exposure from poorly managed mining operations presents a long-term
health and environmental risk. Thorium and uranium, often found in REE ores, are hazardous
when not properly isolated and contained. In some areas, radiation levels have risen to
dangerous levels, increasing the likelihood of cancer and other illnesses among workers and
residents.

The issue of waste management further compounds the environmental damage. Massive
tailings dams, like the Baogang Tailings Dam in Inner Mongolia, are used to store liquid waste
from REE processing. These facilities are prone to leakage, and nearby farmlands have shown
signs of soil contamination and crop failure, threatening food security and livelihoods. In
response to these environmental and public health threats, the Chinese government has taken
several steps. It has cracked down on illegal mining operations, which often operate without
environmental safeguards and contribute disproportionately to the degradation. Additionally,
investment in technological innovations has led to more efficient and cleaner mining
techniques (South China Morning Post, 2025 [25]). Some of these newer methods reportedly
allow for faster production with reduced environmental impact, signalling a potential shift
toward more sustainable industry practices (South China Morning Post, 2025 [25]). Despite
these efforts, the legacy of environmental damage from decades of intensive and often poorly
regulated REE extraction persists. Many affected regions require significant remediation, and
a comprehensive shift toward environmental sustainability and regulatory enforcement
remains essential. Continued oversight, international collaboration, and investment in green
technologies are necessary to balance the global demand for REEs with the imperative to
protect ecosystems and communities from further harm.

The sourcing and production of REE encompass a complex global network of natural resource
extraction, technological refinement, and geopolitical considerations. While primary sources
like bastnadsite and monazite continue to be the backbone of global supply, the
importance of secondary sources, especially recycling, is growing rapidly. The
dominance of China in both raw material supply and metallization capabilities poses strategic
challenges to other nations, driving investment in domestic production, technological
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innovation, and alternative sources. Efficient and sustainable extraction and metallization
techniques remain critical to meeting the accelerating global demand for rare earths while
minimizing environmental and human health impacts.

List of refineries under Chinese ownership outside of China

As of April 2025, there are not publicly reported REE refineries located outside of China under
Chinese ownership. While China continues to dominate the global REE industry, especially in
terms of mining, processing, and refining capacities within its own borders, efforts by Chinese
state-owned and private entities to expand their control over foreign REE infrastructure—
particularly refineries—have faced increasing scrutiny and resistance from host governments.
These governments often cite national security and economic sovereignty as key reasons for
blocking or reversing such investments.

Context and Global Implications

China's extensive control over the REE sector is a significant geopolitical concern due to the
critical role these elements play in advanced technologies, including renewable energy
systems, semiconductors, electric vehicles, and military hardware. While China’s internal
refining infrastructure remains unmatched globally, other nations have become increasingly
cautious about allowing Chinese ownership or control over strategic mineral assets,
particularly refineries that are essential for transforming raw REESs into usable materials.

Key Incidents Highlighting Ownership Restrictions
e Lynas Corporation (Malaysia):
In 2009, China’s state-owned China Non-Ferrous Metal Mining (Group) Co. tried to
acquire a 51.6% controlling stake in Lynas Corporation, an Australian mining company
operating one of the world’s few significant non-Chinese REE refineries located in
Malaysia (Australian Government Treasury, 2009 [27]). The bid was ultimately blocked
by the Australian Foreign Investment Review Board (FIRB), with the intention of
ensuring that non-Chinese buyers-maintained access to rare earth supplies and to
preserve strategic autonomy in a resource-critical industry. Lynas remains one of the
most strategically important non-Chinese players in the global REE market, and its
independence has been consistently protected by Australian regulators.
e Northern Minerals (Australia):

In June 2024, the Australian government ordered China-linked investors to divest their
10.4% stake in Northern Minerals, a company focused on the development of heavy
rare earths, particularly dysprosium, a key element in permanent magnets (CNBC,
2024 [26]). The divestment directive was made under the umbrella of national interest
protections, and by March 2025, the divestments were fully executed, ensuring the
company’s ownership structure remained independent of Chinese influence. This
action reflects Australia’s growing emphasis on supply chain security and resource
sovereignty, especially in light of global tensions and the increasing demand for critical
minerals.

Strategic Overview and Ongoing Trends
Despite these restrictions on overseas ownership, Chinese entities still hold considerable sway
over the global REE supply chain, mainly through their dominance in mining operations,
processing technologies, and export capabilities. However, many nations—including Australia,
the United States, Japan, and members of the EU—are actively seeking to diversify REE
supply chains and reduce dependency on Chinese-controlled operations. These efforts
include:

a. Establishing domestic or allied REE refining capabilities

b. Blocking foreign acquisitions on national security grounds

c. Investing in rare earth recycling and secondary sourcing
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d. Forming strategic alliances to share REE production and processing infrastructure

This trend reflects a broader shift toward economic nationalism and strategic decoupling in
critical resource sectors, particularly as global demand for REE continues to rise sharply with
the expansion of clean energy and digital infrastructure industries.

While China remains the global leader in rare earth production and processing, its ability to
extend direct ownership control over foreign REE refineries has been significantly curtailed by
national regulations and political interventions in other countries. These developments
underscore a growing global realignment of critical mineral strategies, as nations seek to
balance economic development, resource security, and geopolitical independence in an era
increasingly defined by technological competition and strategic resource management.

3.6 Tailings in REE production

Mine tailings of several different types of ore are potential secondary REE sources. Other
sources from mining industry include acid mine drainage (AMD) treatment residues,
phosphogypsum (PG) and bauxite residues. Although these residues hold promising potential
as REE secondary sources, further research is required to make the REE recovery
economically viable, environmentally respectful, and socially acceptable (Costis et al., 2021
[27]).

Rising metals demands, declining ore grades, environmental motivations, and risk
management incentives are expected to drive further growth in tailings utilization initiatives.
Research and pilot trials have demonstrated the technical viability of tailings reprocessing, but
scaling up technologies to industrial levels remains a barrier (Abbadi and Mucsi, 2024 [29]).

Environmental and societal issues related to mining waste, especially U mine waste, are
constraining. The decision to recover REE (or other valuables) from these tailings piles
depends on the willingness of the mining companies, which are legally responsible for their
long-term management and safety control. Recovery techniques must be technically and
economically viable and accepted by society (Costis et al., 2021 [27]).

Iron ore tailings have been studied as secondary deposits of rare earths. Mine tailings from the
LKAB (company) iron ore mine in Kiruna, Sweden, have been found to contain a substantial
amount of apatite, a mineral that is known to be associated with REEs. Analysis of these
tailings have revealed the presence 1200-1500 ppm REEs and after beneficiation contain
approximately 5000 ppm of rare earths, concentrated in apatite and monazite minerals.
Economically viable extraction of REEs from these tailings requires that the phosphorus
contained within the apatite must also be extracted and the waste production of the process
should be minimal (Peelman et.al., 2016 [30]). It is likely that LKAB has shifted its focus of REE
(and P) extraction to recently introduced Per Geijer iron ore deposit which has ten times higher
REE- and P-contents in the ore (1800 ppm TREO and 2.3 % P) compared to the Kiruna ore.
Instead of utilizing the existing tailings, the company is currently developing technology for the
extraction of phosphorus and rare earth elements as by-products from today's iron ore
production. That process is still in very early stages (LKAB 2023 [31]).

Phosphogypsum (PG) is a by-product of phosphoric acid production via a wet process.
European PG production is estimated as 21 Mt/year from 30 different locations, making it a
potential REE source, primarily because of the large production volumes. In Europe, the
recovery of REEs from phosphogypsum (PG) of the Siilinjarvi phosphate mine and adjoining
phosphoric acid plant in Finland has been studied in laboratory-scale by Virolainen et al. (2019)
[32]. In USA the PG has been extensively studied for REE recovery. Phosphate fertilizer
manufacturing over the years has generated 1 billion tons of PG in the Bone Valley region of
Florida (Costis et al., 2021 [27]).
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Acid mine drainage (AMD) sites across Iberian Pyrite Belt (IPB) in Spain and Portugal have
been studied as potential sources of REE. Laboratory and field studies have indicated AMD of
IPB to be modest (80 t/yr of REE) secondary source of REE (Costis et al. 2021 [27]).

On global scale REE extraction studies form mine tailings have been carried out in monazite-
rich alluvial gold mining tailings in Colombia (Echeverry-Vargas and Ocampo-Carmona, 2022
[33]), copper tailings from Chile (Fleming et al., 2021 [34]) and uranium mine tailings in
Australia. U-mine tailings have the highest known REE contents, for example the Mary
Kathleen U-mine in Queensland, Australia, contains up to 4.5 % LREO in the tailings (Vaughan
et al., 2021 [35], Levett et al., 2024 [36]).

In summary, no European projects aiming to utilize mine tailings or other secondary mining
waste to produce REE are expected to be in production by the year 2030, at least not in a
scale that is equivalent to even small-scale mining operation.

3.7 Co-products and By-products in REE production

Globally, REE resources are often hosted in geologically complex deposits that contain a
variety of co-products and by-products. These non-REE elements can be economically
significant and critically important in global supply chains.

Specifically for the EU, European REE resources occur in complex geological settings where
co-products and by-products are also common. These co-products can be valuable,
contributing to the overall economics of mining and processing. Below is a summary of the key
co-products typically associated with European REE deposits:
e Niobium (Nb): Often found in carbonatites and alkaline complexes.
o Fen Complex in Norway, Kringlerne in Greenland
o Intended to be valued in Leading Edge Materials PEA, see section 9
o Reported by Finnish Minerals Group at Sokli, see section 9
e Zirconium (Zr): Common in alkaline intrusions and REE pegmatites.
o Intended to be valued in LEM PEA, see section 9.
¢ Hafnium (Hf): Typically associated with zirconium-bearing minerals.
e Fluorite (CaF,): Common in REE-rich carbonatites.
e Thorium (Th): Found in monazite-rich REE deposits.
o Intended to be valued in by REN in medical applications, see section 9
o Reported in Kvanefjeld deposit
e Tantalum (Ta): Sometimes found in pegmatitic REE-host rocks and with niobium.
e Phosphorus (P): Found in monazite and apatite minerals.
o Found in Per Geijer deposit, LKAB in Sweden
o Reported by FMG at Sokli, see section 9
e Scandium (Sc): Found in trace amounts in lateritic and alkaline-hosted deposits.

It should also be noted that LEM intends on valorizing nepheline syenite as a direct shipping
quarry product, see section 9.

Additionally, FMG reports phosphorus, iron, manganese, vermiculite, niobium and copper
alongside REE at Sokli, see section 9.
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4 Advanced mining projects in the EU geographical area

One of the key objectives of the EU, as clearly emphasized in the CRM Act, is to develop the
production of REE from primary sources within the EU. The Act mandates that, to ensure
supply diversification, at least 10% of the EU’s annual consumption of strategic raw materials
(SRMs), including both LREE and HREE, must originate from domestic extraction.

Currently, no REE mines are operational in Europe, and the first to begin production is
expected to come from advanced mining projects. These projects are generally considered to
be at the resource definition stage and ideally progressing toward feasibility studies. Given
MAGELLAN’s overarching aim to drive disruptive upscaling in REE and PM and in view of the
targets set by the CRM Act, a key question arises:
e Can the EU, by 2030, simultaneously produce at least 10% of its REE demand
domestically and limiting dependence on China to no more than 65%?

4.1 Status of advanced mining projects in the EU geographic area

This section attempts to provide an answer to the fundamental question above. For the
elaboration of section 4.1, company web sites, press releases and public presentations were
reviewed. Significant milestones are presented in chronological order for each company.
Moreover, as detailed in section 4.2, interviews were conducted with advanced project
developers to obtain up-to-date information. Full transcripts are included in section 9. The
location of such of advanced mining projects in the EU in provided by Figure 10 [18].
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Figure 10: Location of advanced mining projects in the EU.

The advanced projects identified by MAGELLAN located in the EU geographic area are listed
below, in alphabetical order with the following identifiers, in order: Deposit name, Company
ownership, Company web site.
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For the sake of further referencing in the documents, they will be termed “Advanced EU REE
Mining Projects” or “AEUREEMP”.

Fen, Norway: Rare Earth Norway (Norway) (https://rareearthsnorway.com/)
o 2024: Maiden Inferred Mineral Resource, which satisfies the RPEEE is at 559 Mt at
1.57% TREO (no source for estimate) [38]
o 2023: Granting of extraction permit
e 2021: JORC-compliant Exploration Target of 1.4-3.3 billion tonnes @ 0.4-2% TREO
(Golder) [39]

Fen, Norway: REE Minerals (Norway) https://www.reeminerals.no/
o 2023: Maiden MRE, Inferred Resources of 95 Mt @ 1.3% TREO (SRK Consulting)
e Historical: 4.7-Billion-ton multi-element JORC-compliant resource (no source for
estimate)

The Fen carbonatite complex is a single geological entity but has a split ownership between
Rare Earth Norway and REE Minerals.

Grgnnedal, Greenland: Eclipse Metals (Australia) https://www.eclipsemetals.com.au/
e 2024: Historical resources: 1,18 Mt @ 0.69% TREO

Kringlerne, Greenland : Tanbreez (Australia) https://tanbreez.com/
e 2024: Critical Metals Corp. signed an agreement for a controlling interest in Tanbreez
[40]
e 2020: Signing of Exploitation Licence
e Historical: 4.7 Bt multi-element JORC-compliant resource (no source for estimate)

Kvanefjeld, Greenland: Energy Transition Minerals (Australia) https://etransmin.com/
o 2023: Refusal by Gov. of Greenland to grant alternative exploitation licence / U impurity
e 2015: Measured and Indicated Resources of 451 Mt @ 1.16% TREO (no source for
estimate)

Norra Kérr, Sweden: Leading Edge Materials (Canada) https://leadingedgematerials.com/
o 2024: July 2024 site visit [41]
e 2022: Initiation of a Natura 2000 permit application
e 2021: PEA returning US$1,026m Pre-tax NPV (10%) and 30.8% Pre-tax IRR (SRK
Consulting)

Olserum, Sweden: European Green Metals (England) https://europeangreenmetals.com/
o 2023: Geosyntec appointed for EIS
e 2013:43-101 Ind. Res. of 4.5 Mt @ 0.6% TREO + Inf. Res. of 3.3 Mt @ 0.63% TREO
(no source for estimate)

Per Geijer, Sweden : LKAB (Sweden) https://lkab.com/en/
e 2023: Inf. Min. Res. of approx. 734 Mt @ 0.18% TREO which is wholly contained in the
Fe Mineral Resource (June 12, 2023 NR, PERC 2021, which is the prevailing
international standard for LKAB, no source for estimate [42])

Sokli, Finland : Finnish Minerals Group (Finland) https://www.mineralsgroup.fi/home.html
e 2023: Sokli could produce nearly 10% of the amount of REE that is needed annually in
Europe to make PM (no substantiation of data)
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To comfort the aforementioned analysis, the original Excel file for Table S12 of S.-L. Liu et al.
was reworked to only show the EU deposits and is presented in Figure 11.

Summary of EU REE projects (S.-L. Liu et al., 2023)
*10n
Project Deposit Company Name Project Name Location Continent Status (2022) , Deposit type EES(‘)OUTr;faI() 10%4t, g,r?duz)
. Kvanefjeld
1 1 G.re.enland Minerals (llimaussagq:Kvanefjeld, Narsaq, Greenland 2 Alkaline rock 1.114,00 11
Limited Greenland
Zone 3, Sgrensen)
Tanbreez Mining . Kujalleq, .
2 2 Greenland AS Tanbreez/Kringlerne Greenland Greenland 2,D(2020)  Alkaline rock 2.900,00 0,617
3 3 Norra Karr Gréinna, south Europe 2 Alkaline rock 20,30 0,55
central Sweden
Leading Edge Materials
South central Hydrothermal/lO
4 4 Olserum Sweden Europe T cG 4,78 0,61
5 5 REE Minerals Holding AS  Fen Southern Norway Europe 1 Carbonatite 437,00 0,9
. Matamuras,
6 6 Quantum Mineria (QM) Matamulas Ciudad Real, Europe 1 Placer 4,60
company ;
Spain
Monazite Inventory of .
7 7 the USSR Russia Europe _
8 8 LLC Lovozersky GOK Lovozersky/Lovozero gﬂ;gznsk Europe 4 Alkaline rock 717,40 1,12
Khibiny Khibiny, Alkaline rock
9 9 (Kukisvumchorr/Kukisvu Murmansk, Europe N (Apatite- 894,60 0,31
mchorr) Russia nepheline tailing)
. Khibiny, Alkaline rock
Khibiny ! N
10 9 (Yuksporskoe/Yukspor) Murmansk, Europe N (Apamg- -
Apatit JSC (PhosAgro Russia nepheline tailing)
PJSC) - )
- . Khibiny, Alkaline rock
11 9 Khlbmy (Apatitovy Murmansk, Europe N (Apatite-
Cirque) . N -
Russia nepheline tailing)
Khibiny, Alkaline rock
12 9 Khibiny (Koashvinskoe) Murmansk, Europe N (Apatite-
Russia nepheline tailing)
North-West Phosphorous Khibiny, Alkaline rock
13 9 Company JSC (PJSC Khibiny (Deer Creek) Murmansk, Europe N (Apatite-
Acron) Russia nepheline tailing)
14 o  ZAO’GK'Partomchorr’  Khibiny Murmansk, Eurone . A'k"’;;i':;m“k
(PAO “FosAgro”) (Partomchorrskoye) Russia P (Ap: ¥ -
nepheline tailing)
LLC YaregaRuda, LLC Ukhta, Komi Qil-bearing
15 10 LUKOIL-Komi (PJSC Yaregskoe Re uk:’|I|c Russia Europe 1 leucoxene 103,11 0,04
LUKOIL) P ! sandstones

Figure 11 : Table with summary of AEUREEMP.

Moreover, another perspective can be obtained by looking at a previous similar summary of
EU projects dating from 2017 and as published in the context of the EURARE project [43].

2Link to the data Excel table
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Deposit Country | Reporting code | Measured resource Indicated Inferred resource Source of data
resource
el nfa Sarapéd et al, (2013}

Katajakangas Finland 0464 Mt 2.4% TREQ nfa

Storkwitz Germany JORC
Kringlerr Greenlan: na A700 Mt @ 0.65% TREQ nfa hitp:ftanbreez.comden/
Ky JORC 143 Mt @ 1.21% TREOQ 308 Mt @ 559 Mt @ 1.07% TREO  0.015% U.O, GMEL (2015}
Saire 1.11% TREOQ
Motzfeldt (Aries) Greenlan JORC 340 Mt @ 0.26% TREO nfa Ram-Re
Sarfartog (ST1) Greenland MI-43-101 588 Mt @ 246 Mt @ 1.5%% TREO 1% TREQ Druecker and &
1.77% TREO

Fen (REE Mineral MNorwaty nfa 84 Mt @ 1.0B% TREOQ 0.8% TREQ Lie and @stergaard {2014}
licence area)
Morra Karr Sweder NI-43-101 311 M@ 0.4% TREO Shert et al. (2015)
0.61% TREOQ
Olserum Sweder NI-43-101 4.5Mt @ 0.6% 3.3Mt @ 0.63% TREO 0.4% TREO Reed (2013}
TREO
Aksu Diamas Turkey NI-43-101 494 Mt @ 0.07% TREO Cox et al. {2013}

Figure 12 : Table with summary of AEUREEMP.

The review of Figures 11 and 12 confirm that, with a few exceptions, the AEUREEMP listing
presented in the introduction of section 4.1 is correct.

This list of EU advanced projects, and its specific details, will evolve as a function of projects
developments in the EU.

First, from a technical point of view as projects mature and new technologies can possibly
solve some processing hurdles.

Second, from a geopolitical perspective, notably as recent developments concerning REE and
Greenland have been significantly influenced by the Trump administration's strategic
initiatives, notably reiterating a proposal for the United States to purchase Greenland from
Denmark, describing control of the island as "an absolute necessity" for national security.

The acquisition of the Tanbreez project by American-based Critical Metals Corp. (Nasdaq:
CRML), which has signed an agreement to acquire a controlling interest in the project, can be
interpreted as early-stage manoeuvring within this turbulent context.

This recent activity can possibly be explained by China’s moves in the region. In 2016,
Shenghe Resources, a Chinese state-linked rare earth company, acquired a strategic 12.5%
stake in Greenland Minerals, owner of the Kvanefjeld Project.

The analysis shows that most of the advanced mining projects in the EU are principally at the
resource definition stage which entails activities such as diamond drilling and metallurgical
studies. Yet, significant additional steps must be incurred before a successful commercial
operation is declared:
e Compliant resources to reserves (NI 43-101, JORC or equivalent)
Mining, metallurgy, infrastructure
Environmental impact studies
Social consultation and acceptance
Financing
Permitting
Construction
Operation
Profitability

Page 32 of 66



ma eLLan

The table presented in Figure 13 (ULiége) attempts to illustrate the stage of maturity of the
AEUREEMP considering the development steps above.

Surface
exploration

Resource
definition

Diamond ElA Exploitation
drilling Licence Licence

Fen Rare
Earth
Norway

Fen REE
Minerals

Grennedal EML

Kringlerne Tanbreez

Kvanefjeld ETM

Norra Kam LEM

Olserum  EGM

Per Geijer LKAB

Sokli FMG

*C R P = Commissioning, Ramp-up, Production

Figure 13 : Stage of maturity of the AEUREEMP

As illustrated in Figures 14 and 15, the full-scale development of a mining operation can take
of the order of 20 years [44]. It should be noted that, in the light of ever stringent regulations,
it is common to observe a time period of upwards of 10 years between the end of a feasibility
study and the start-up of a commercial operation (bringing the total lifecycle to upwards of thirty
years).

The Lifecycle of a Mineral Discovery
RiskS Funding risk
Technical risk
Exploration risk
HIGH .
VALUE Discovery s
A There is a tipping pointin Y This is most likely the time when
exploration when drilling amounts l— people outside of the mining industry
to a real mineral discovery and hear of a new discovery while early
excitement is at its peak. speculators are looking to cash in.
=
3
Speculation [:] g a
Initial drill results provide some insight as DD Operating Mine
to what truly lays beneath but more work The mine is now open, and
is necessary to define a mineable deposit. the company can extract
Early speculators buy into the project. ore and generate cash
flow. Risks still remain,
such as commodity price
and management risk.
- [L’—‘-’ﬂ
Digging In Ve
Junior exploration companies are G
7[5 PG 3 et oq e g Orphan Period &}, [Institutional / Strategic
After initial excitement, ——"_ Investment
v surface exploration. proven discoveries require {—ﬁ
Low large amounts of capital for This is the point when experienced
VALUE construction—but are not yet mine developers and financiers
receiving cash flows from an invest directly to develop the
. operating mine. project into an operating mine.
Life Cycle
. R 4.5 years 1-2 years 2.3 years 2 years 1years
Timeline | ik it it i} it —>
Concept Pre-discove Discover Feasibilit Development Startu Depletion
ry y Y P P P!

Figure 14 : Lifecycle of a mineral discovery
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Figure 15 : Required time to build a mine, from discovery to production [45]

4.2 Interviews with advanced mining project developers
Obtaining harmonized and up-to-date information on the AEUREEMP is challenging, primarily
because they are at different stages of development, and not all companies involved are
publicly listed, meaning they are not subject to mandatory disclosure requirements. The
purpose of the interviews was to obtain up-to-date information by engaging directly with
company management to gather insights on technical, financial, administrative, and permitting
matters.

The goal was to assess how close these projects are to actual production, specifically, to the
point of physically extracting REE ore within the EU. This is crucial for meeting the first target
set by the Critical Raw Materials (CRM) Act: ensuring that by 2030, the EU has the capacity
to extract, from its own reserves where feasible, at least 10% of the strategic raw materials it
consumes annually.

All companies listed in Section 4.1 were contacted with the same request. Five companies
responded:
e Rare Earth Norway (Fen)
REE Minerals (Fen)
Finish Mineral Group (Sokli)
Leading Edge Materials (Norra Karr)
Energy Transition Minerals (Kvanefjeld)

The interviews and communications are presented in Section 8 of the present report.

4.3 Mineralogy of advanced mining projects in the EU

Mineralogy plays a crucial role in mineral processing, which is the practice of separating
commercially valuable minerals from their ores. Understanding mineralogy is important for
several reasons:
1. Identification of Minerals: Mineralogy helps in identifying the minerals present in the ore
which is essential for selecting the appropriate processing techniques based on their
different physical and chemical properties.
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2. Understanding Mineral Associations: Minerals in an ore often occur together in specific
associations. Knowing these associations can help in predicting the behaviour of the
ore during processing.

3. Physical Properties: The physical properties of minerals, such as hardness, specific
gravity, and magnetic susceptibility, influence the choice of beneficiation methods.

As shown in Figure 16, to provide further insights on deposit mineralogy the 2023 S.-L. Liu et
al. Excel table was adapted to:
e Show the mineralogy of the six main projects (two of them covering the Fen complex).
o lllustrate the breakdown in LREE versus HREE with detailed chemical analysis.

0
Deposit Company Name  Project Name Deposittype  Mineralogy ??E"O“'?rifall)o"g:?dnz) La203 Ce203 Pr6011Nd203 Sm203 Eu203 Gd203 Th407 Dy203 Ho203 Er203 Tm203 Yb203 Lu203 Y203 HREEY]
Greenland Kvanefjeld Steenstrupine-
1 ) (limaussag:Kvanefield, ~ Alkaline rock . 1.114,00 11 27,69 4241 407 1241 157 009 111 019 111 019 056 009 046 019 787 1176
Minerals Limited (Ce), Lovozerite
Zone 3, Serensen)
Tanbreez Mining N N
2 ag | TanbreezKringleme  Alkalinerock  Eudialyte 2.900,00 0617 17,74 3318 321 1223 229 031 260 046 291 061 245 031 199 031 1942 3104
Leading Edge )
3 e Norra Karr Alkaline rock  Eudialyte 20,30 055 998 2250 288 1134 305 034 321 068 423 085 28 051 271 034 3452 4992
Xenotime-(Y),
4 $r“a'2:if;:sree" Olserum HydrothermalllO 1o site-(Ce) 478 061 1352 30,78 375 14,66 342 016 342 065 342 065 195 033 179 033 21,17 3371
and Fluorapatite
REE Minerals
5 odng AS Fen Carbonatite Bastnasite 437,00 09 2620 47,61 530 1588 163 035 067 007 031 006 016 002 014 002 157 302

Figure 16 : Table with EU REE projects and mineralogy in red.

The EU EURARE project highlights the key mineralogical differences of EU projects:

“The REE do not occur in nature as native metallic elements, but as constituents in a wide range of mineral types,
including phosphates (e.g. monazite and xenotime), carbonates (bastnésite and synchysite), silicates (e.g. allanite
and steenstrupine) and halides (e.g. fluocerite). They are most commonly found as minor or trace elements in rock-
forming minerals, in which they substitute for the major ions, but there are also many minerals in which the REE
are essential [...] . Rare earth-bearing minerals typically contain multiple REE in varying concentrations, but
minerals tend to be biased towards either the LREE or HREE. Globally, the majority of REE resources are
associated with just three minerals, bastnésite, monazite and xenotime. However, in a European context, other
complex rare earth-bearing minerals such as eudialyte and steenstrupine are important, and the EURARE project

has carried out extensive work on the beneficiation and processing of these minerals”.
Further detailed research on the mineralogy of the AEUREEMP was undertaken and is

summarized in Figure 17 (GTK) which presents the main minerals identified in the various REE
deposits.
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Ancylite Apatite Bastnasite Britholite Eudialyte Monazite Parisite Pyrochlore Steenstrupine Strontianite Xenotime

Gromnedal EML . .
Kringlerne Tanbreez .

Kvanefield ETM .

Norra Kirr  LEM .

Olserum EGM . .
PerGeijer LKAB .

Sokli FMG .

Fen Rare
Earth
Norway

Fen REE
Minerals

Figure 17 : Detailed mineralogy on the EU advanced REE projects.

4.4 Resources, reserves, processing and basket pricing

As previously mentioned, AEUREEMP can be qualified as being at least at the resource
definition stage, and in some cases, at a feasibility definition stage. Environmental studies and
permitting have also been initiated.

Detailing the notions of Mineral Resources and Mineral Reserves is necessary to further
elaborate.

Mineral Resources can be defined as the concentration of material of economic interest in or
on the earth’s crust, whereas Mineral Reserves (or Ore Reserves) are the parts of a Mineral
Resource that can at present be economically mined. Mineral Resources are subdivided, in
order of increasing geological confidence, into Inferred, Indicated and Measured Mineral
Resources. That part of a Mineral Resource, which has been fully evaluated and is deemed
commercially viable to work, is called a Mineral Reserve.

Figure 13 illustrates the stage of maturity of the AEUREEMP regarding resource definition in
the third column. Inferred Resources are the first category of resources that can be defined.
As the intensity of diamond drilling increases, and the spacing of the bore holes tightens, the
improved degree of confidence in the geometry and the geological understanding allow
Inferred Resources to be reclassified as Indicated and, ultimately, as Measured Resources.

The notion of resources and reserves involves considering the value of the commodity
contained. In the case of REE, the notion of basket price is fundamental as varying suites of
these metals are contained in the minerals which are at the origin of economically recoverable
products. The methodology used by S.-L. Liu et al. for mineral basket pricing was presented
in section 2.1 and is described as follows:

“The estimate of rare earth resources and thus their value (V) is dictated by three parameters: TREO quantity,
individual REO ratio, and REO price. It was calculated as follows: V = TREO x (Wia X PLa + Wce X Pce + Wpr X Ppy
+ Wnd X Pnd + Wsm X Psm + Weu X Peu + Wad X Ped + Wb X P + Wpy X Ppy + Wer X Per + Wy x Py) where Wi is the
proportion of corresponding REO in TREO, and the Pi is the average price of corresponding REO during January
1, 2022 to July 15, 2022.”.
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Further detailed compilation on the REE breakdown of the AEUREEMP was undertaken within
the context of the current research and is summarized in Figure 18 (GTK).

La203 | Ce203 | Pr203 | Nd203 | Pm* §m203 | Eu203 | Gd203 | Th203 | Dy203 | Ho203 | Er203 | Tm203 | ¥b203 | Lu203 |S5c203++ | Y203
Fen Rare
Earl
Nonw 0.488| 0.775 0,067 0.197) 0.017] 0,003| 0,006 0,001 0,002 1] 0,001 0 o 0 0,003 0,007
Fen REE
Minerals
0323| 0s596| oo0es| 0227 0025| o006 0013 0,001 0,004 o| opoz [ 0 ] 0| o014
Gronnedal [EML
0,079 0,288 0,041 0,188 0,031 0,008 0,018 0,002 0,008 0,001 0,002 0 0,001 0 0,019 0,001
Kringlerne |Tanb:
0,116 0,217 0,021 0,08 0,015 0,002 0,017 0,003 0,019 0,004 0,016 0,002 0,013 0,002 0,127
Kvanefijeld [ETM
0,301 0.46 0,046 0,141 0,018 0,001 0.012 0.002 0,012 0,002 0,007 0,001 0.005 0.002 0.084
NorraKarr [LEM
0,050 0,105 0,015 0,055 0,015 0,002 0,015 0,004 0,025 0,005 0,017| 0,003 0,017 0,003 0,170
Olserum  |EGM
0,083 0,188 0,023 0,08 0,021 0,001 0,021 0,004 0.021] 0,004 0.012] 0,002 0.011 0,002 0,130
PerGeijer |LKAE
Sokli FMG

TREO

1.57

0,69

0,65

109

0,50

0,18

LREE %

a9

91

&7

HREE+Y
" Ret

1RefS
3 Ref 6,7
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19 et 8

Figure 18 : Detailed REE breakdown of the EU advanced REE projects.

* Highly unstable and radioactive promethium is always excluded.
** Scandium is usually excluded from REE resource estimates

- Ref_1: Leading Edge materials 2021. The Preliminary Economic Assessment of the Norra Kérr Rare Earth Elements Deposit and Potential Byproducts, Sweden.
Prepared by SRK Consulting. https://wp-leadingedgematerials-2023.s3.ca-central-1.amazonaws.com/media/2021/08/NorraKarr_PEA_43-101.pdf. The contents of
individual elements are calculated from the element distributions of Table ES 2, according to totla TREO content of 0.5 %.

- Ref_2: Tasman metals Ltd. 2013. Amended and Restated Technical Report for Olserum REE Deposit, Southern Sweden. Prepared by Reed Leyton Consulting.
https://www.sec.gov/Archives/edgar/data/1474547/000094935313000119/exh99-1_olserum.htm

- Ref_3: Paulick, H., Rosa, D. and Kalvig, P. 2015. Rare Earth Element (REE) exploration potential and projects in Greenland. MiMa report 2015/2.
https://data.geus.dk/pure-pdf/MiMa-R_2015_02.pdf

- Ref_4: Greenland Minerals and Energy, Company Announcement, February 12th, 2015. Kvanefjeld Project — Mineral Resource Update.

https://wcsecure.weblink.com.au/pdf/GGG/01598418.pdf

- Ref_5: Rare Earths Norway AS, 2024: Europe’s largest deposit of rare earth elements discovered at Fen, Norway. Press Release 6 June 2024.
https://rareearthsnorway.com/europes-largest-deposit-of-rare-earth-elements-discovered-at-fen-norway

- Ref_6: REE Minerals 2023. REE Minerals announces Mineral Resource Estimate confirming Europe’s largest deposit of light rare earth elements.
https://www.reeminerals.no/news/ree-minerals-announces-mineral-resource-estimate-confirming-europes-largest-deposit-of-light-rare-earth-elements

- Ref_7: Nome Kommune 2022. REE Minerals AS - Introduction presentation. https://www.nome.kommune.no/_f/p9/ibfed7989-26b0-4239-82d6-
82e5857a31cd/fensdagene22-ree-minerals-thor-bendik-weider.pdf (slide 17)

- Ref_8: LKAB Press Release 2023. Europe’s largest deposit of rare earth elements 25 percent larger — today marks first step in critical review.
https://mb.cision.com/Main/11419/3784613/2119948.pdf

Ref_9: Eclipse Metals Ltd. 2024. Maiden Inferred Resource Declared for the Gronnedal Rare Earth Project, Greenland. https://investingnews.com/maiden-inferred-
resource-declared-for-the-gronnedal-rare-earth-project-greenland/

It is worth noting that this methodology refers to “the estimate of rare earth resources” and not
reserves. While the three parameters quoted (TREO quantity, individual REO ratio, and REO
price) are important, they are not sufficient for qualifying reserves. Indeed, it may be that the
value of one type of potential ore may be higher than another one based on this value
calculation.

However, the mineralogy, which will dictate the processing method, and its potential economic
viability, may disadvantage a deposit with better grade but more complex mineralogy (hence
more complex processing and potential uneconomic recovery, despite higher grade). The
presence, and potentially deleterious effect, of elements such as thorium and uranium also
have to be considered.

The two main types of deposits show specific associated mineralogies:
1. Carbonatites tend to carry the REE in the mineral bastnasite (a carbonate)
2. Alkaline intrusive tend to carry the REE in the mineral eudialyte (a silicate)
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A review of the literature on the topic of mineralogy and its associated processing is presented
below.

Verbaan et al. dive deeper on the topic in their research titled “A review of hydrometallurgical
flowsheets considered in current REE projects” [46]. They provide a table listing 26 advanced
projects showing development stage, host rock, REE carrying minerals, % TREO in Ore and %
HREO relative (to previous). The two AEUREEMP which are part of the list are Kvanefjeld and
Norra Karr. For the most advanced of such projects, they show, in separate tables, the
envisioned beneficiation process and concentrate leach process.

They conclude that “after a potential ore deposit has been found and described by geologists, much work is
required by metallurgists to develop an economical and effective flowsheet suitable for the commonly complex

overall ore mineralogy.”

They do flag the issue of uranium and thorium at Kvanefjeld which ultimately led to the refusal
by Government of Greenland to grant an alternative exploitation and to the current litigation
and dispute regarding this project.

The difficulty in processing silicate minerals, and notably Eudialyte, is highlighted by the

EURARE project once again: “For both Kringlere and Norra Karr, the main ore mineral is eudialyte, which
can be challenging to leach (Davris et al., 2017). Digestion leads to a high silica concentration in solution forming a

gelatinous mass of silica that is unfilterable (Davris et al., 2017; VoRenkaul et al., 2017).”

While EURARE further remarks: “The formation of silica gel has been inhibited through development of a
patented methodology for stabilising the silica (Friedrich et al., 2016). Utilising this methodology, EURARE project
researchers have developed a two-stage treatment for eudialyte that resulted in an easily filterable silica precipitate

with more than 90% REE recovery into pregnant solution (Davris et al., 2017)” uncertainty remains.

It is unknown at this stage if the entire process has been piloted at a sufficiently large scale,
with sufficiently acceptable recoveries and avoidance of deleterious side-effects, to assess the
economic viability of these deposits.

Regarding Kvanefjeld, EURARE mentions “The U in Kvanefield ore is a by-product, which can be
considered as adding value to the ores, and this ensures that the radioactive risks will be managed explicitly”. It
should however be noticed that the Greenland authorities were not sufficiently reassured to
grant an exploitation licence to the project.

As illustrated by Figure 19, the EU EURARE project clearly highlights this distinction in the
REE value chain, from mineral resources to REE compounds [47].
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Figure 19 : Industrial, academic and R&D synergies for developing European metallurgical exploitation
based on REE primary and secondary resources in the EURARE project.

4.5 Conclusion on advanced mining projects in the EU

As a conclusion to this section, it can be stated that executing sufficient diamond drilling is
necessary to obtain an adequate degree of confidence in the geometry and the
geological understanding of the deposit to define Measured Resources.

Additionally, a clearly defined mineralogy and a well-established process route are
essential requirements for converting Mineral Resources into Mineral Reserves. This is
critically important as HREE are present in EU advanced projects, but are often associated
with eudialyte, a silicate ore mineral which is challenging to process.

Furthermore, without a Proven Mineral Reserve, a positive final bankable feasibility study
cannot be produced rendering project financing nearly impossible to obtain.

Beyond difficulties in obtaining exploitation permits, the significant obstacles of first,
defining Measured Resources and second, converting Resources to Reserves, may be
one of the reasons why we have not yet seen a commercial REE mine in operation in
Europe.
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5 Sustainability of REE mining projects within the European
geographic area

Given the global dominance of China in REE production, Europe faces both economic and
strategic vulnerabilities. Establishing sustainable REE production within Europe offers multiple
benefits. Developing domestic sources of REEs would reduce Europe’s reliance on politically
sensitive imports and buffer against trade disruptions, export restrictions, and market
manipulation. Europe has stringent environmental regulations and labour protections, ensuring
that REE mining operations are conducted with minimal ecological damage and human rights
safeguards. This contrasts with regions where regulatory enforcement is weak and
environmental degradation is more common.

As mentioned in previous chapters, REE mining presents unique environmental challenges
due to the elements' low concentrations and the complex, energy- and chemical-intensive
processes required for extraction (Obregon-Castro et al. [48], 2023 ; Duan, 2024 [49]). Many
ores also contain radioactive elements like thorium and uranium, which, when exposed,
contribute to radiation hazards (Wang et al., 2024 [50]; Obreg6n-Castro et al., 2023 [48]). Dust
and radioactive particulates from open-pit mining can travel long distances, posing inhalation
risks. The energy demands of REE production can lead to significant greenhouse gas
emissions, especially in countries with weak environmental regulation (Duan, 2024 [49];
OECD, 2023 [51]; Middleton et al. [52], 2024; Costis et al., 2021 [27]).

REE mining has historically caused social and environmental harm, particularly in rural and
indigenous regions where livelihoods depend on agriculture, fishing, and herding. These
communities often face displacement, cultural disruption, and health risks due to toxic
exposures and poor working conditions in countries like China, Brazil, and Mongolia (Tsosie,
2017 [53]; Schlosberg & Carruthers, 2010 [54]; Oladipo et al., 2023 [55]). Additionally,
indigenous groups have experienced threats to their cultural heritage and traditional
knowledge systems due to mining operations (Schlosberg & Carruthers, 2010 [54]).

Sustainable REE mining in Europe presents economic and strategic advantages. High initial
investment costs, complex refining, and environmental safeguards raise entry barriers (Jowitt
etal., 2023 [56]), but they also create an opportunity to build a secure, transparent, and resilient
supply chain. Diversifying supply away from China reduces vulnerability to geopolitical
tensions and price volatility, which have disrupted global markets in the past (OECD, 2023
[51]; Wlbbeke, 2013 [57]; Duan, 2024 [49]).

Achieving sustainable REE production and recycling faces major challenges, including
technological, economic, regulatory, and social barriers. Recycling rates remain low due to
inefficient separation methods, and while extraction techniques are advancing, they are not
yet cost-competitive (Smerigan & Shi, 2025 [58]). Regulatory inconsistencies across countries
also undermine sustainability. In regions with weak enforcement, companies may prioritize
cost-cutting over environmental and social protections. The lack of global standards or
effective incentives for sustainability further complicates industry-wide improvements (Oladipo
et al., 2023 [55]; OECD, 2023 [51]). Social opposition is a frequent barrier, particularly in areas
where mining threatens ecosystems or local livelihoods. Concerns over pollution and
displacement have led to public resistance and increased project costs (Oladipo et al., 2023
[55]; Eerola 2024 [59]).

However, Europe has a unique opportunity to lead in sustainable REE production. With its
strong regulatory frameworks, transparent governance, and advanced environmental
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standards, Europe can minimize social and ecological harm while securing critical raw
materials. Sustainable domestic production would reduce dependence on politically unstable
supply chains and mitigate the risks of market disruption and unethical sourcing.

Responsible Sourcing and Sustainability in Primary Mining Production

Primary mining involves the extraction of raw materials directly from the ground and plays a
foundational role in global supply chains (Stutz & Warf, 2012 [60]). Ensuring sustainability and
ethical sourcing at this initial stage is critical, as it influences environmental, social, and
governance (ESG) outcomes throughout the mineral lifecycle. Key challenges include
minimizing environmental degradation (e.g., land disruption, water consumption, greenhouse
gas emissions), safeguarding labour conditions, protecting community well-being, and
maintaining operational transparency and ethical governance.

To address these challenges, a range of international frameworks and initiatives have emerged
to guide responsible mining practices in alignment with modern sustainability standards
(OECD, 2016 [61]; IRMA, 2022 [62]; EITI, 2021 [63]).

Global standards and third-party verification systems form the backbone of responsible mining.
The Initiative for Responsible Mining Assurance (IRMA) offers a rigorous certification system
encompassing business ethics, environmental performance, and social responsibility in large-
scale mining operations (IRMA, 2022 [62]). The OECD Due Diligence Guidance provides a
risk-based approach to responsible mineral sourcing, particularly relevant in conflict-affected
or high-risk areas (OECD, 2016 [61]). Meanwhile, the Extractive Industries Transparency
Initiative (EITI) promotes public disclosure of mining-related revenues, contracts, and
ownership to foster accountability and reduce corruption (EITI, 2021 [63]).

Mining companies are increasingly adopting sustainability targets, including the reduction of
carbon emissions, improved water efficiency, and more secure waste and tailings
management (ICMM, 2020 [64]; USGS, 2023 [65]). Innovative practices such as integrating
renewable energy at mine sites, implementing dry-stack tailings storage, and optimizing waste
treatment systems are gaining traction across the industry (Kinnunen et al., 2024 [66]). In
parallel, corporate social responsibility efforts are strengthening, with greater emphasis on
community engagement, benefit-sharing mechanisms, and support for local development.

By embedding sustainability into primary extraction processes, the mining sector can support
ethical supply chains and contribute to long-term environmental and social
resilience. Sustainability systems in junior mining projects are increasingly influenced by
industry-wide standards and investor expectations, even though these projects often operate
with limited resources. Junior miners, typically smaller companies focused on early-stage
exploration and development, are beginning to adopt frameworks such as the OECD Due
Diligence Guidance and align with principles promoted by IRMA. While full certification may be
out of reach during exploration, many junior firms implement baseline environmental and social
impact assessments, engage with local communities, and adopt ESG reporting practices to
attract ethical investment and reduce long-term risk. These practices help position projects for
future compliance, especially as they transition into development phases or seek partnerships
with major mining companies.

In Europe, REE mining projects, like listed in chapter 4.1, are gaining momentum as part of
the EU’s strategy to reduce dependence on imported critical raw materials and build resilient,
sustainable supply chains. These projects are increasingly integrating sustainability from the
outset to align with the European Green Deal and CRM Act. Junior explorers are conducting
detailed environmental baseline studies, pursuing community engagement early in the
permitting process, and exploring innovative low-impact extraction techniques. Their alignment
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with EU sustainability goals not only facilitates regulatory approval but also improves access
to funding from both public and private sources focused on responsible resource
development.

However, assessing the concrete application of sustainability systems in European junior REE
projects remains challenging, as most are still in the exploration or pre-feasibility phase and
have not yet moved into full-scale production. At this early stage, public disclosures are often
limited to preliminary environmental and social assessments, with few measurable
sustainability outcomes available. While many projects express commitments to responsible
practices and align themselves with EU policy objectives, the practical implementation of
sustainability systems, such as waste management protocols, community benefit frameworks,
or emissions reduction strategies, can only be fully evaluated once operations begin. This
uncertainty highlights the importance of transparent reporting and third-party oversight as
projects advance toward development.
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6. REE Pricing

A July 2024 report by DERA [67], the German Mineral Resources Agency, provides a good
and user-friendly summary of the REE pricing environments and history.

The DERA report mentions that “Although there is no publicly accessible market for EoL magnets
and pricing is therefore based on bilateral agreements, a long-term view over a number of years reveals
a clear influencing factor for this pricing. The price trend for EoL magnets obviously follows the price
trend for primary magnets, which, in turn, reflects the trend in raw material prices.”

Moreover, similar to primary magnets, the rare-earth composition and market price trends of
EOL magnets are crucial factors in determining their value. In particular, the elevated cost of
raw materials makes HREE, such as dysprosium and terbium, especially significant in this
regard.

The DERA report further illustrates this topic: “Figure 20 shows the price development of light and
heavy rare earths over the past 20 years, exemplified by neodymium and dysprosium. The price spike
in 2011 was caused by export restrictions imposed by China, the world's largest producer. There were
fears that a supply shortage could arise outside of China. Figure 21 shows how the prices for EoL
magnets have evolved in comparison to the raw materials for primary magnets over the same period as
demonstrated by a typical magnet alloy. Although the costs for primary and recycled raw materials are
at significantly different levels, the trend in terms of percentage price development is the same in both
cases. Future price developments for EoL magnets are likely to be aligned with the primary price of the
alloy used with the content of rare earth elements being a significant influencing factor.”

3600 - r 600

3000 4

L4400

2400 4

- 300

/550

1800 4

USs/kg
By

1200 4 - 200

600 - r 100

0

0+ . , , .
2004 2009 2014 2019 2024

— Dysprosium — Neodymium

Figure 20 : Price development of the elements neodymium (Nd) and dysprosium (Dy) with a purity of 99 %
since January 2004
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Figure 21 : Price Comparison of raw material costs for producing an example NdFeB magnet from
primary material and recycled raw materials in the years 2017 and 2022.

The pricing of REE is influenced by several key factors, including supply and demand,
production costs, geopolitical developments, and trade policies. Since REE are essential for
high-tech applications such as electric vehicles, wind turbines, and electronics, demand has
been steadily rising.

However, the global supply is concentrated in a few countries, particularly China, which affects
price stability. Disruptions in mining, processing, or exports can lead to sharp price fluctuations.
Additionally, prices vary between light and heavy rare earths, with HREE generally being rarer
and more expensive.

A few key takeaways of the 2024 REIA annual conference in Tokyo, Japan, highlight the
complexity of REE pricing and REE market dynamics:

e Several speakers alluded to the “REE dysfunctional market” syndrome as demand
growth is not yet matched by price growth.

e One key question was clearly why, given the importance of REE metals and their
applications, are we not seeing more support in the form of financial commitment from
the private sector.

o Participants were very accurately reminded of two key aspects. Firstly, overinvestment
and merger frenzy at the top of the mining cycle about 10 years ago left investors with
a bitter taste. Secondly, REE is a very small market compared to other metals thereby
somewhat lacking transparency and liquidity.

Overall, REE prices are dynamic and closely tied to technological trends, environmental
regulations, and international trade dynamics.
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7. Conclusion

This report has examined the potential for responsibly sourcing REE from the primary mining
sector within the European Union, in the context of the MAGELLAN project and the strategic
imperatives set forth by the EU CRM Act. It reaffirms the critical role of REE, particularly HREE,
in enabling Europe’s clean energy and digital transitions.

Despite significant EU investment in REE-related research and development, there is currently
no active REE-producing mine in the EU. The report identifies nine advanced mining
projects that could serve as the first sources of domestically extracted REEs, though none
are likely to reach production before 2030. As such, the 10% domestic extraction target set by
the CRM Act will be difficult to achieve through mining alone within the timeframe.

Analysis of the nine EU advanced mining projects illustrate that executing sufficient diamond
drilling is necessary to obtain an adequate degree of confidence in the geometry and
the geological understanding of the deposit to define Measured Resources.

Additionally, a clearly defined mineralogy and a well-established process route are
essential requirements for converting Mineral Resources into Mineral Reserves. This is
critically important as HREE are present in EU advanced projects, but are often associated
with eudialyte, a silicate ore mineral which is challenging to process.

Furthermore, without a Proven Mineral Reserve, a positive final bankable feasibility study
cannot be produced rendering project financing nearly impossible to obtain.

Beyond difficulties in obtaining exploitation permits, the significant obstacles of first,
defining Measured Resources and second, converting Resources to Reserves, may be
one of the reasons why we have not yet seen a commercial REE mine in operation in
Europe.

In this context, synergies with recycling and processing become essential. The report
emphasizes the importance of leveraging existing and emerging EU capabilities in REE
refining and recycling to reduce near-term dependence on imports. The recent designation of
five EU strategic projects focused on REE processing, along with growing industrial interest
in expanding refining capacity, offers a promising bridge toward longer-term supply security.

Ultimately, enhancing the EU’s self-reliance in critical raw materials will require an integrated
approach, one that combines investment in advanced mining projects, scaling up of domestic
processing and recycling infrastructure, and strong policy support.

Responsible sourcing from primary mining should remain a long-term objective, while near-
term resilience must be built through a coordinated multi-level strategy across the full REE
value chain with the following key pillars:
e Scale Up Refining and Separation Capacity
» Fund refining infrastructure and support the creation of regional hubs
e Develop Permanent Magnet and Alloy Production
» Onshore magnet manufacturing and support midstream processing
e Boost Circular Economy and Recycling
» Improve recovery from EoL and consumer take-back schemes and harmonize
regulations for REE-containing waste streams
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e Build Strategic Reserves and Stockpiles

» EU stockpile and implement pan-EU joint purchasing mechanisms
¢ Enhance Trade and Supply Chain Resilience

» Activate strategic partnerships with non-EU countries with REE potential
e Establish a Coherent Policy and Regulatory Framework

» Focus urgently on permitting processes and price support mechanics

The findings of this report serve as both a reality check and a call to action: without accelerated

development, Europe risks continued dependency on external sources for materials that are
vital to its strategic autonomy and climate goals.
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9. Interviews with advanced mining project developers

List of responding companies:

Rare Earth Norway (Fen)
o Trond Watne, Chief Geologist
e Tore Malo @degard, CFO
e Christian Rainer, Senior Advisor Projects and Technology

REE Minerals (Fen)
e Johannes Naevdal, Chairman

Leading Edge Materials (Norra Karr)
e Kurt Budge, CEO

Finnish Minerals Group (Sokili)
¢ Miia Mikkonen, Project Development Manager

Energy Transition Minerals (Kvanefjeld)
e Daniel Mamadou, Managing Director
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9.1 Rare Earth Norway (Fen)

Interviewees:
e Trond Watne, Chief Geologist
e Tore Malo @degard, CFO
e Christian Rainer, Senior Advisor Projects and Technology

Interviewer:
e Philippe Giaro, Senior Research Officer

Preamble

This interview was conducted on October 25, 2024, by way of Teams Meeting in the context
of the MAGELLAN HORIZON project. MAGELLAN aims to develop and demonstrate, at TRL7,
a novel and disruptive, competitive, and environmentally friendly solution leveraging functional
recycling, highly advanced permanent magnet manufacturing processes, and new designs for
the manufacturing of optimised electric vehicle traction motors (https://magellan-horizon.eu/).

One of the tasks being performed by the University of Liege is to study the Primary (Mining)
sources for a sustained supply of Rare Earth Elements (REE) to engineer the MAGELLAN
solution. More specifically, this task aims to address potential synergies between the primary
(mining) and secondary (recycling) sectors and to focus on the responsible sourcing of
complementary REE (particularly LREE largely in excess in this sector) from the primary
mining sector to match the MAGELLAN concept.

To that extent, the Fen project was identified as an advanced mining project in the European
Economic Area (EEA). The Fen project (FEN) is developed by Rare Earths Norway (“REN”,
Norway) and more information can be found at : https://rareearthsnorway.com/

The Fen carbonatite complex has a split ownership, and REN is the operator on the northern
90% of the REE-bearing iron dolomite carbonatite (FDC) part of the complex. The web site
information was reviewed in detail for the purpose of this meeting. REN is a private company
with no disclosure obligations, limited project details are therefore available. However, REN
consultants, WSP, have followed the JORC-standard for the Mineral Resource Estimate
(MRE) and Preliminary Economic assessment (PEA).

Interview
Philippe Giaro (PHG) provides an introduction to the interview mostly based on the preamble.

The interview covers the project in detail and is supported by a recent REN power point
presentation. Trond Watne (TW), Tore Malo @degard (TMO) and Christian Rainer (CR) take
turns in presenting the subjects covering their respective fields of competence.

TW starts the presentation by providing historical background to the Fen area which boasts a
strong mining past with iron ore extraction of hematitized carbonatite used as feed in iron
foundries dating back to the 17" century. More recently, niobium ore was recovered from a
calcitic phase of the FEN carbonatite complex in the 1950’s and 60’s.

As of today, approximately 20,000m of Diamond Drilling (DDH) serve as the basis of a June
6™, 2024, MRE delineating JORC-compliant Inferred Mineral Resources of 559 Mt @ 1.57%
TREO, which translates into 8,8 Mt TREO of which 1,5 Mt NdPr-oxide at FEN. This is based
on DDH down to a depth of approximately 500m with a spacing conformable with the inferred
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category and expected reasonable prospects for eventual economic extraction (RPEEE). A
few DDH tap the 1,000m depth level but are only exploratory at this stage.

A Scoping Study (SS) was completed in August 2024. A Prefeasibility Study (PFS) will be
initiated in early 2025 and should be completed at the latest by early 2026. In this context an
additional 10,000 m of DDH will be completed to upgrade half of the drilled-out area from
Inferred to Indicated Mineral Resources, staying in compliance with JORC code requirements.

An extraction permit was granted before the execution of the Feasibility Study (FS). This is
possible in part because the Norwegian mining law stipulates that all minerals with a density
above 5g/cm3 belong to the state, while below that number, they belong to the landowner. The
extraction permit is a first step, but a number of additional key permits must be obtained before
an operating license is granted for the commencement of physical mining (zoning plan,
discharge permit, compliance with environmental guidelines and Pollution Act, ....).

TMO then provides and update on ESG and SLO criteria. A strong support for the project is
observed in the local population. At the political level, all parties, even the green party, support
FEN in the light of its importance for the green transition. As a matter of fact, a survey by a
local newspaper shows a very good degree of receptivity for mining activities related to the
project: 80% of respondents were positive, 3% against and 17% had no opinions. This is in
stark contrast with other types of mining projects (other commodities and other areas in
Norway). Even some wind projects draw more opposition than REN’s project.

This positive background can be explained by a series of factors:
e The area and its local population are used to mining and its economic benefits as
highlighted above.
e REN is providing a mine with strong ESG criteria:
o Planned as an underground operation, it will have a minimized surface footprint.
o A high degree of automation and electrification is foreseen.
o Sustainable processing of REE with closed loop concept and the use of
environmentally friendly hydroelectric power is to be implemented.
o Itis expected to provide direct local employment in an area which is the heart
of industrial processing activities in Norway.
o REN’s holding company, Hustadlitt, operates several mines and processing
facilities and has demonstrated its long-term commitment to responsibility.

TMO then covers Hustadlitt’s current project portfolio with notable highlights:

e The Hustadmarmor operation was developed in partnership with the Swiss company
Omya (and since sold to Omya in 2007), is the world’s largest pigment manufacturer
for the paper industry. Through Bregnngy Kalk, Hustadlitt still runs the calcium
carbonate mining operation supplying raw material to the processing plant and,
relevant for FEN, a 5-km underground tunnel has been developed for material shipping
from the quarry to the port facilities. Also noteworthy, is an innovation project developed
by Volvo Autonomous Solutions (VAS) for the implementation of an autonomous
mining vehicle fleet.

e The Quartz Corp, developed as a joint venture with the French company Imerys, has
become a leading global supplier of high-purity quartz used in the manufacture of
semiconductors, fibre optics and solar panels. The raw material is primarily extracted
in the United States and shipped to Norway for processing.

Page 54 of 66



maceLLan

The interview then turns back to FEN technical aspects with a review of the REE value chain
and the Company strategy. This is notably highlighted by the presentation of EU projects
targeting various aspects of REN’s FEN development:
e EIT RawMaterials - RareGreen, 2022-2025 (https://rareearthsnorway.com/our-
project/raregreen-project)
e HORIZON Europe - REESOURCE, 2024-2027 (https://www.reesource.eu/our-

partners)

Regarding processing, a pilot is foreseen to be operated in 2026. Several by-products will be
aimed for optimization. The ore contains Thorium in the range of 200 ppm Th, but it will report
to the mineral concentrate, not in the tailings. FEN has identified potential customers for Th in
some medical applications (alpha-particle therapy in the treatments of various cancers) and
energy utilization.

A potential partner to assist in the valorization / processing is REEtec, a start-up company
dedicated to operating an industrial Rare Earth separation plant at Hergya, Norway
(https://www.reetec.no/). The company has proven the separation technology from laboratory,
via a successful operation of a pilot unit and an industrial scale demo-plant which has been up
and running since 2019. A full-scale industrial plant is now under construction.

REEtec has developed the REO separation technique of High-Pressure Liquid
Chromatography (HPLC), an environmentally friendly, high efficiency and competitive cost
processing method. REEtec was a partner in the EU H2020 SecREEts project through which
they demonstrated a new extraction process of high purity REE (Nd, Pr and Dy) from a
nitrophosphate solution, and turn them into high purity oxides for Less Common Metals
(another partner of the SecREEts project) specialized in the manufacturing or rare earth-based
alloys.

CR then provides an overview regarding mining. The FDC part of the FEN carbonatite complex
has an horizontal cross section of 1.2 km? at the level where the underground extraction will
take place. A low inclination tunnel will be driven over about 4 km to reach the orebody.
Underground development is necessary as the deposit is located below a town and drinking
water is sourced from a nearby lake which may suffer from surface mining.

The envisioned mining will be executed by stoping method (raise mining) and stopes will be
backfilled with tailings. The mine is foreseen with a high degree of automation and
electrification and relying on remote control operations. Mining contractors will initiate ramping
from surface. REN (Hustadlitt) crews will gradually take over. A total of 500 employees (direct
and contractors) are foreseen to be employed by the operation.

The FEN mine is designed with a capacity of 5 Mtpa ROM feeding a processing plant located
on surface. An FID is expected by 2027 with a start-up near the end of 2030.

A few final comments by TMO include:

1. The overall CAPEX for the construction of FEN is of the order of 1B USD (700-800
MUSD for the mining and 200-300 USD as working capital for ramp-up).

2. Upon PHG asking how a US$25/kg TREO basket Long-Term Price Forecast (LTPF)
(Appia and Lynas, April and August 2024 respectively) was likely to affect FEN, TMO
indicates that WSP (REN’s consultant) has used an analyst consensus for LTPF but
that at current prices, the project needs to optimize its economics.

3. REN has submitted an application for Strategic Project designation for FEN with the
European Commission (EC). The EC indicates that the first list of Strategic Projects will
be announced in December 2024.
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On that last point, while Norway is not part of the EU, but rather the EEA, it is still expected
that Norway does follow most EU regulations (and therefore the CRM Act). However, as a
result, Norway is not directly involved in the voting round to decide which project receive the
EU label of “Strategic”.

-End-
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9.2 REE Minerals (Fen)

Interviewee:
e Johannes Neevdal, Chairman

Interviewer:
¢ Philippe Giaro, Senior Research Officer

Preamble

This interview was conducted on October 14, 2024, by way of Teams Meeting in the context
of the MAGELLAN HORIZON project. MAGELLAN aims to develop and demonstrate, at TRL7,
a novel and disruptive, competitive, and environmentally friendly solution leveraging functional
recycling, highly advanced permanent magnet manufacturing processes, and new designs for
the manufacturing of optimised electric vehicle traction motors (https://magellan-horizon.eu/).

One of the tasks being performed by the University of Liége is to study the Primary (Mining)
sources for a sustained supply of Rare Earth Elements (REE) to engineer the MAGELLAN
solution. More specifically, this task aims to address potential synergies between the primary
(mining) and secondary (recycling) sectors and to focus on the responsible sourcing of
complementary REE (particularly LREE largely in excess in this sector) from the primary
mining sector to match the MAGELLAN concept.

To that extent, the Fen project was identified as an advanced mining project in the European
Economic Area (EEA). The Fen project is developed by REE Minerals (“REEM”, Norway) and
more information can be found at: https://www.reeminerals.no/

The Fen carbonatite complex has a split ownership and REEM is the operator on the southern
10% of the complex. The web site information was reviewed in detail for the purpose of this
meeting. REEM is a private company with no disclosure obligations, limited project details are
therefore available.

Interview

Philippe Giaro (PHG) provides an introduction to the interview mostly based on the above
preamble.

Johannes Neaevdal (JN) assumes a temporary leadership role to fill-in for the CEO who has
recently departed.

JN then provides an overview of project status highlights. Since 2010 REEM has undertaken
four diamond drilling campaigns and, in 2023, SRK executed a first Mineral Resource Estimate
demonstrating Inferred Resources of 95 Mt @ 1.3% TREO. Within this context REEM has
undertaken the preliminary evaluation of project financial metrics such as OPEX. REEM’s Fen
project however remains a drilling stage project. REEM is about to start a complementary
drilling campaign, notably to tighten the drilling grid and attempt to convert Inferred Resources
to Indicated Resources.

The main anticipated product is NdPr with a production of approximately 2.500 tons per year.

There are also minor amounts of Dy, Tb and La, however Ce is more abundant. REEM used
the Adamas TREO Long Term Price Forecast (LTPF) for its financial modelling.
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JN then explains that REEM has not yet submitted an application for Strategic Project
designation of the Fen Project with the European Commission in the context of the CRM Act.
They plan to do so in the next round.

Because the CRM Act is a regulation (and not directive) it is directly applicable in EU member
states. However, Norway is not an EU member state although a member of the EEC. PHG
wonders how this may affect a positive decision by the EU on Fen being considered a Strategic
Project. JN mentions that he is expecting an alignment given the cultural and political proximity
with the EU (expect Norway to ratify the CRM). Recent meetings at the ministerial level in
Norway appear to support this view. However, there are different levels of permitting and a
positive EU decision would not entail the circumvention of specific local regulations such as
air, water and tailings regulations to name a few.

On the social acceptability front, REEM is greatly supported by the local government and
municipalities. They have proactively engaged in public consultations to ease the burden of
mining companies in trying to obtain population support for mining projects. The government
and municipalities are notably hiring experts to assist with this procedure.

Looking at the next steps and project development schedule, JN mentions that the target is to
complete a feasibility study by 2028-2029. JN therefore does not think that the Fen project is
likely to satisfy the 2030 EU capacity target of extracting the ores, minerals or concentrates
needed to produce at least 10 % of the EU’s annual consumption of strategic raw materials
(CRM Act, Article 5, “Benchmarks”).

For closing thoughts JN mentions:

e Given the 2030 EU goal, REEM will do anything they can to speed up the necessary
processes to meet the 2030 target. But as it looks now, that seems difficult to reach for
any of the projects at FEN.

e There is no clarity on potential EU “risk protection” strategies for anticipated industrial
mine investors in European based Rare Earth mining projects to guard against the
Chinese dominated and skewed market situation that the EU (and the west at large)
are working to mitigate. This is a key issue to tackle in order to speed up the
development of projects such as REEM’s Fen project.

e REEM is participating in a Horizon project named SUPREEMO. In that project REEM
will deliver about 50 tons of unprocessed ore, expected in the winter of 2024-2025.

-End-
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9.3 Leading Edge Materials Corp. (Norra Karr)

Interviewee:
e Kurt Budge, CEO

Interviewer:
¢ Philippe Giaro, Senior Research Officer

Preamble

This interview was conducted on October 14, 2024, by way of Teams Meeting in the context
of the MAGELLAN HORIZON project. MAGELLAN aims to develop and demonstrate, at TRL7,
a novel and disruptive, competitive, and environmentally friendly solution leveraging functional
recycling, highly advanced permanent magnet manufacturing processes, and new designs for
the manufacturing of optimised electric vehicle traction motors (https://magellan-horizon.eu/).

One of the tasks being performed by the University of Liege is to study the Primary (Mining)
sources for a sustained supply of Rare Earth Elements (REE) to engineer the MAGELLAN
solution. More specifically, this task aims to address potential synergies between the primary
(mining) and secondary (recycling) sectors and to focus on the responsible sourcing of
complementary REE (particularly LREE largely in excess in this sector) from the primary
mining sector to match the MAGELLAN concept.

To that extent, the Norra Karr Heavy Rare Earth Elements (HREE) Project (NKP) was identified
as an advanced mining project in the European Union (EU). The NKP is developed by Leading
Edge Materials Corp. (“LEM”, Canada) and more information can be found at:
https://leadingedgematerials.com

LEM is a publicly listed issuer with disclosure obligations, a mandatory level of information
regarding the project is therefore accessible to the public. The 2021 Preliminary Economic
Assessment established by SRK Consulting (UK) for the Norra Kéarr HREE deposit in Sweden
was reviewed in detail for the purpose of this meeting.

Interview

Philippe Giaro (PHG) provides an introduction to the interview mostly based on the above
preamble.

Kurt Budge (KB), who was appointed as CEO in May 2024, provides background to his
experience and recent involvement. KB evokes his experience in Sweden for 8.5 years on the
Kallak Iron Ore Project and explains how it is difficult to permit projects in the EU.

KB sees the CRM Act as a real game changer. As a matter of fact, LEM has submitted an
application for Strategic Project designation for the NKP with the European Commission (EC).
The EC indicates that the first list of Strategic Projects will be announced in mid-March 2025.

Because the CRM Act is a regulation (and not directive) it is directly applicable in Sweden.
This is not to say that it will overrule Swedish mining laws, regulations and procedures for
establishing a commercial mining operations, but it will certainly instil a sense of priority along
the regulatory value chain.

PHG then asks how the Long-Term Price Forecast (LTPF) for a TREO basket recently reported
between US$22/kg and US$27/kg TREO (Appia and Lynas, April and August 2024
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respectively) was likely to affect the NKP since the SRK PEA was established with a TREO
LTPF of US$53/kg TREO.

KB explains that the next step is a Pre-Feasibility Study (PFS). He is also globally confident as
the NKP shows a high proportion of HREE which is strategically important to Europe.
Considering the EU project development pipeline, KB cites a recent article dated 24 July 2024
(https://asia.nikkei.com/Spotlight/Supply-Chain/China-s-rare-earth-rule-to-speed-supply-
chain-shifts-Solvay-CEQ), in which Philippe Kehren CEO Solvay discussed China's new
regulations for protecting its rare earth mines and regulating the supply chain, set to be
effective in October 2024, that 'will indeed push players to open mines in other regions... We
have more and more customers requesting shorter supply chains. We see some strategic
buyers, and even some countries, asking for diversified sources, and not relying only on one
big sourcing for strategic materials.'

It is understood that Solvay is expanding its plant in La Rochelle, France, to help Europe bring
vital rare earth supplies onshore. The company says the expansion will include capacity for
separating and refining rare earth elements needed for permanent magnet production,
hydrogen generation and electronics manufacturing. Norra Karr, as a European supplier of
HREEs should be of great interest as Solvay develops its permanent magnet manufacturing
business.

Kehren states that diversification efforts to reduce dependence on China need long-term
commitment from customers and the broader value chain to succeed; that many mining
projects outside China have been unable to continue for economic reasons, and more
successful 'business cases' are needed for alternative supply chains to fully develop.

The discussion also highlights that a significant update between the 2015 PFS and the 2021
SRK PEA revolves around the valorization of new product streams such a ZrO,, Nb,Os and
Nepheline Syenite (the latter one as a direct shipping quarry product).

This presents a dual advantage:
1. More value extracted per ton of rock,
2. Better utilization of the extracted products with a significant improvement in the ratio of
valorised products to waste.

PHG then directs the conversation towards financing and asks how KB envisions raising the
initial capital cost for the NKP totalling USD487M as reported by SRK. Also, how LEM is going
to proceed given current inflation and the likeliness that the CAPEX is now higher than in 2021.

KB mentions one significant advantage of the project which is the decoupling between the
mining and the processing. This concept was introduced by SRK and is highlighted in the
introductory part of the PEA as shown below.

“The Norra Karr Project has three project areas:
1. The Norra Karr site where there is open pit mining and comminution plant,
2. Luled Processing Facility (“LPF”) where further chemical processing is undertaken,
3. The rail load-out facility, where Eudialyte “intermediate” product is received from Norra
Karr by truck and loaded to rail hopper wagons for transport to the LPF.”

Items 1 and 2 are clearly the main ones with 3 being included in 1 within the Initial Capital Cost
summary (USD165M for item 1 and USD322M for item 2).
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The fact that the NKP site consists in a rather small quarry with a mine schedule targeted at
1.15 Mtpa of plant feed and two simple processing steps on site (crushing/milling and magnetic
separation) render the capital raising exercise more palatable. As for the Luled Processing
Facility, risk sharing and joining forces with specific companies involved in the processing
could ease the task. Such a positive scenario would also facilitate/catalyse further financial
support by EU financial institutions, notably in the light of Strategic Project Status by the EU.

Regarding permitting and potential opposition KB mentions:

e The NKP is located in southern Sweden, there is no Sami reindeer herding in the area.

o LEM, with its decoupling between the mining and the processing and the improvement
in the ratio of valorised products to waste, has increased the sustainability of the project
while reducing the environmental footprint and impact.

e The mining lease would be applied only for a quarry (processing being performed in
Luled).

e The Company has already started work on NATURA 2000 matters and these will form
part of the Environmental Impact Assessment and be assessed in the Environmental
Court.

KB highlights the next steps for LEM:

. Timely fundraising,

PFS for the overall project, FS for the mine,

Obtain Strategic Project Status by the EU (Q1 2025),

Obtain a Mining Lease (Q3 2025),

Initiate and conclude CAPEX financing and strategic partnership for project financing,
Build the project (2027-2029).

oghkwnE

If all the above steps 1 to 5 fall into place in a timely manner, it can therefore be concluded
that the Norra Karr Project stands a chance to satisfy the 2030 EU capacity target of extracting
the ores, minerals or concentrates needed to produce at least 10% of the EU’s annual
consumption of strategic raw materials (CRM Act, Article 5, “Benchmarks”).

-End-

Key Metrics
Norra Karr Mineral Resource Statement (SRK, 18 August 2021)

Table ES 1:  Norra Karr Mineral Resource Statement (SRK, 18 August 2021)*

Tonnes TREO ZrOz Nb20s Nepheline
Mineral Resource Syenite
Classification
(Mt) (%) (%) (%) %)
Inferred 110 0.5 1.7 0.05 65

“Notes:

1. Effective date 18 August 2021.

2. Qualified Person Mr Martin Pittuck MSc C.Eng

3. Mineral Resources are not Mineral Reserves until they have indicated, or Measured confidence and they have modifying faciors applied and they have demonstraled economic viability based on a Feasibility
Study or Prefeasibility Studly.

4. There is no guarantee that Inferred Mineral Resources will convert to a higher confidence category after future work is conducted.

5. The Mineral Resocurces reported have been constrained using an open pit shell assuming the deposit will be mined using open pit bulk mining methods and above a cut-off grade of USD 1504., including a 30%
premium on projected prices and by duction rates and the 260m highway buffer zone.

6. The Mineral reported i ined metal in the ground and has not been adjusted for metallurgical recovery.

7. Total Rare Earth Oxides (TREOQ) includes: La:0s. Ce:0s Prz0s, Nd:0s, Sm:0s, Euz0s, Gd203 Tb:0s Dy:0s, Ho:0s, Erz0s Tmz0s, Ybz0s, Luz0s, Y203
8. Heawy Rare Earth Oxides (HREQ) include: Eu203, Gd203, Tb203, Dy203, Ho203, Er203, Tm203, Yb203, Lu203, Y203

89 HREQ s 52% of TREOQ

Table ES 2:  Norra Kérr Rare Earth Element Distribution
Light REO proportion of Total REO Heavy REO proportion of Total REO
La:z0z Ce:03 Pr0z  Nd:03 Smz0z Eu:0:  Gd:0: Tbz03 Dy:0:  H0:03 Er20z Tmz0z  YbaOs Luz0z Y203

0.100 0.210 0.030 0.110 0.030 0.004 0.030 0.007 0.050 0.010 0.034 0.005 0.033 0.005 0.340
0.48 0.52
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9.4 Finnish Minerals Group (Sokili)

Interviewee:
¢ Miia Mikkonen, Project Development Manager

Interviewer:
¢ Philippe Giaro, Senior Research Officer

Preamble

This interview was conducted on February 21, 2025, by way of Teams Meeting in the context
of the MAGELLAN HORIZON project. MAGELLAN aims to develop and demonstrate, at TRL7,
a novel and disruptive, competitive, and environmentally friendly solution leveraging functional
recycling, highly advanced permanent magnet manufacturing processes, and new designs for
the manufacturing of optimized electric vehicle traction motors (https://magellan-horizon.eu/).

One of the tasks being performed by the University of Liege is to study the Primary (Mining)
sources for a sustained supply of Rare Earth Elements (REE) to engineer the MAGELLAN
solution. More specifically, this task aims to address potential synergies between the primary
(mining) and secondary (recycling) sectors and to focus on the responsible sourcing of
complementary REE (particularly LREE largely in excess in this sector) from the primary
mining sector to match the MAGELLAN concept.

To that extent, the Sokli project was identified as an advanced mining project in the European
Economic Area (EEA). The Sokli project (SOKLI) is developed by SOKLI a wholly owned
subsidiary of Finnish Minerals Group (“FMG”) and more information can be found at:
https://www.sokili.fi/en

The web site information was reviewed in detail for the purpose of this meeting. SOKLI is a
private company with no disclosure obligations, limited project details are therefore available.

Interview
Philippe Giaro (PHG) provides an introduction to the interview mostly based on the preamble.

The interview covers the project in detail and is supported by a recent SOKLI power point
presented by Miia Mikkonen (MM).

MM provides some historical background. FMG has been focusing on REE since their
transaction with Yara for the SOKLI project, a phosphate producer that concentrated on the
phosphate potential at Sokli.

SOKLI is in the Savukoski area, Finland, with a bit less than 1000 inhabitants of which about
600 people live in the biggest town. It lies approximately 10 km west of the Russian border. If
realized, the mine would directly and indirectly employ hundreds of people, and it would also
become part of the Finnish battery value chain. Studies estimate that a mining operation at
SOKLI would generate:

e Up to 466 additional jobs in Savukovski.

o Upto 497 jobs on the SOKLI site.

o UP to 648 direct jobs in Finland excluding Lapland and Savukosi.

SOKLI has established a contact point to engage with the local community. Of note:
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o Regular information is held monthly and the first 2025 “office coffee” was held on
January 7, 2025, with a focus on the upcoming environmental studies and the update
of the mineral resource estimate.

e According to a survey conducted by Taloustutkimus in the spring of 2025, the majority
of people living in Savukoski support the opening of a mine in SOKLI, provided that the
mine operates responsibly in terms of the environment and local livelihoods.

e In August 2024, 200 people from Savukoski were invited for an open-door event and
many visitors from elsewhere in Lapland, and even further in Finland, also attended.

SOKLI is a carbonatite hosted deposit which, in addition to phosphate and iron, contains rare
earth elements, manganese, vermiculite, niobium and copper. SOKLI is now undertaking
exploration activities and evaluating the in-situ mineral resources beyond initial studies based
on the production of phosphate, rare earths, niobium and iron. The Sokli deposit has been
studied for decades, mainly for phosphate and iron. It is ascertained that SOKLI has a rich
REE potential, one of the fundamental questions being which specific REE should the
company focus on.

Geologically, the deposit consists of three types of ore: laterite, foscorite and late carbonatite
veins.
1. The laterite requires no blasting,
2. The foscorite is a hard rock and appears to contain the bulk of the niobium
mineralization.
3. Late carbonatite veins is a hard rock and appears to contain the bulk of the REE
mineralization.

So far, the property has seen a cumulative 131,000 m of diamond drilling (46K in laterite and
85K in hard rock resources). The deepest holes reach a depth of 600 to 700 m. Geophysical
surveys of the 1970’s indicate a potential 7km depth extension to the favorable host rock (and
therefore possibly the associated mineralization).

The two types of ore would be managed as per the following:

1. For laterite there would be two options where in one beneficiation would happen on-
site and the second option would be that laterite ore will be sludged and pumped to an
enrichment plant located about 180 km away from the future mine site.

2. The foscorites would be mined neither open pit or underground mining and late
carbonatite veins as an underground mining. Beneficiation would be on-site or off-site.

Metallurgy testing is currently in progress on these three types of ore. Of note:
e The main REE mineral in the laterites is Rhabdophane and monazite.
¢ The main REE minerals in late carbonatite veins are Ancylite, Kukharenkoite, Cordylite
and Monazite,
Flowsheet development is now including REE, phosphates and Nb recovery.
Vermiculite beneficiation underwent pilot testing at the end of 2024.
Pneumatic flotation was tested to enhance phosphate selectivity on laterites.
Study of adequate downstream processing options for phosphate and REE
concentrates is on-going.
e Test campaigns on phosphoric acid production and REE extraction from apatite are
also on-going.

As far as the property is concerned, there was a pilot mining and concentrating operation
between 1978-1980. These old crusher and flotation buildings have been refurbished and are
today hosting core logging and office facilities along storage. Accommodation is in a separate
building at the site, built in 2020s.
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The CAPEX for SOKLI is guesstimated at 1 to 1.5B EUR, for phosphate mining and latter
amount when beneficiation is located off-site and extracting REE and niobium among
phosphate and iron.

In terms of permitting:
¢ A mining lease was granted for SOKLI in 1976 an extension is currently in process
e SOKLI has received a permit from the Lapland Centre for Economic Development,
Transport and the Environment for a transplant and seed sowing experiment, which
also includes the transplanting of the Habitats Directive species Saxifraga hirculus
(yellow marsh saxifrage). The Environmental Impact Assessment process is planned
to start early 2026.

Concerning the financing of SOKLI’s activities:
e Funding is secured for 2025,
¢ Funding of PFS stage study will be prepared for the end of 2025.

From a broader perspective FMG wants to develop a full value chain of battery-related
materials (notably with their investments in Terrafame and Sibanye-Stillwater Keliber project)

Looking at the next steps and project development schedule:
e SOKLIis aiming to publish an MRE in Oct 2025 concerning all potential mineralisations.
e SOKLI is preparing to update the 2022 scoping study for the end of 2025. That will
create guidelines for PFS preparation which is planned to run in 2026-2027.
¢ MM mentions that the target is to achieve an FID (Final Investment Decision) by early
2030. It would then take at least three years, Mining operations could start 2035.

MM finally explains that SOKLI has not yet submitted an application for Strategic Project
designation of the SOKLI Project with the European Commission in the context of the CRM
Act.

-End-
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9.5 Energy Transition Metals (Kvanefjeld)

Interviewee:
¢ Daniel Mamadou, Managing Director

Interviewer:
¢ Philippe Giaro, Senior Research Officer

Preamble

MAGELLAN aims to develop and demonstrate, at TRL7, a novel and disruptive, competitive,
and environmentally friendly solution leveraging functional recycling, highly advanced
permanent magnet manufacturing processes, and new designs for the manufacturing of
optimised electric vehicle traction motors (https://magellan-horizon.eu/).

One of the tasks being performed by the University of Liége is to study the Primary (Mining)
sources for a sustained supply of Rare Earth Elements (REE) to engineer the MAGELLAN
solution. More specifically, this task aims to address potential synergies between the primary
(mining) and secondary (recycling) sectors and to focus on the responsible sourcing of
complementary REE (particularly LREE largely in excess in this sector) from the primary
mining sector to match the MAGELLAN concept.

To that extent, the Kvanefjeld project located in Greenland was identified as an advanced
mining project in the European Union (EU) geographical area. It should be noted that
Greenland is neither member of the EU nor of the European Economic Area (EEA). The
Kvanefjeld project is developed by Energy Transition Minerals (“ETM”, Australia) and more
information can be found at: https://etransmin.com/.

ETM is a publicly listed issuer with disclosure obligations, a mandatory level of information
regarding the project is therefore accessible to the public.

E-mail exchange

An interview could not be executed with Philippe Giaro, but Daniel Mamadou was kind enough
to provide information by e-mail on October 21, 2024, as reported below.

“Dear Philippe,

Thank you for reaching out and for your interest in the Kvanefjeld Project. We appreciate the
important work that the Magellan Horizon project is undertaking and your recognition of
Kvanefjeld as a significant source of rare earth elements. At this time, however, the Kvanefjeld
Project is subject to ongoing legal proceedings, and as such, we are unable to engage in
discussions or provide updates beyond publicly available information. Given the sensitivity of
the arbitration process, we believe it would be premature to participate in any technical or
Strategic discussions related to the project at this stage.

We sincerely value your understanding and will be in touch should the situation change. Best of
luck with the continued success of Magellan Horizon.

Bestregards,”

Daniel Mamadou
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