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Notice and Disclaimer

The contents of this documettave been developed irhé framework of the REE4EU project ard the
copyright ofPNO Innovatioh. Theyshall not be copied in whole, in part or otherwise reproduced (whether
by photographic, or any other methddwhilst the information contained in the document and webpages
accessible from this document is believesllie accurate, the authors make warranty of any kind with
regard to this material.

! The authorf this documentare working with PNO Innovation N.V. (Brussels offielgium) and Ciaotech

(Italy). Both PNO Innovation and Ciaotech belonging to the same mother compan@eNwB.V. (PNO).

PNO is a European leader in grants and innovation bringing alfillioh euro annually to its clients . PNO
Innovation (the beneficiary in REE4EU) is located in Brussels and is leading the intelligence services for the
PNO Group whiclkencompass value chains and stakeholders analysis, market and business analysis, IPR
management and exploitation plans, reatapping , building innovation ecosystems and hew communities
around a specific topic, among other services. PNO provides opergitimowpportunities and is managing

an open innovation portaij¥ww.innovationplace.ejiwhere information about innovative ideas, projects and
funding opportunities in several European countries is constandyiged. For more information about this
deliverable, the REE4EU projector PNO in general, the authors can be contacted at
nader.akil@pnoconsultants.cam
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Executive Summary

This document provides a helicopter viewtbe most relevant stakeholdemsho are connected to the topic

of Rare Earth Elements (REE) in general and more spiigifacthe REE4EU value chaithough the list of
stakeholders provided in this document is by no means exhaustive, the study provides relevant information
on the most important industrial stakehatds (SMEs, or large industries) that are performing international
research, innovation and business activities across or around the value chain of the REE4EU project. The
position of each industrial stakeholder in tiyobal REE supply chais identified,and concise information

about their activities and potential interestandlinkages to the REE4EU project is also provided.

Additionally, the list of the major European research and academic institutions working on the topic of
recovery of REE is preged, and their European research projectispatentsare concisely presented and
can be accessetirectly from the links provided in this document.

Moreover, this deliverable provides information on industrial stakeholders who are connected to the most
relevant applications, as identified in the ERECON report, that may present a significant opportunity for REE
recovery, such as:

. Hard disk drives, DVD and CD players
. Automotive applications

. Motors in industrial applications

. Loudspeakers

. Ar conditioning compressors

. Magnetic separators

. Mixed electronics

. Electric bicycles

. Wind turbines

O©oOoO~NOOOUTA, WNLPE

The aim of this study is on one hand, to help the consortium partners in setting up dissemination and
communications actions targeted towag@roup(s) of stakeholders relevant to a specific value chain, and on
the other hand, to provide information to the public at large on the relevant industrial and academic
stakeholders that are connected to the topic of REE in general and more spedii¢taéyrecovery of REE.

This study layslown the foundations fortargeted dissemination, networking and business development
activitiesbetween relevant stakeholders and the REE4EU partners.
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1 Introduction
The results presented in this daediable have been acquired based on a methodology elaborated by PNO to

determine the value chain needs analysis for the recovery of REE, and the most relevant stakeholders related
to the project activities. The methodology is based on the following appesach

Y
&D

1- Identification of the position of the REE4EBjkcificvalue chain within the global REHEpplychain
so that stakeholders from other value chains within the global supply chain are considered in the
stakeholder analysis.
2- lllustration of the global sygly chain in a usefriendly way permitting to visualise the position of the
identified stakeholders into the ghal supply chain (see figurg.B positions of stakeholders in the
global supply chain were specified:

oo oTw
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Primary Supplier;

REE recovery;
REA prducer;

REE intensive product manufacturer;

End user (mainly stakeholders using REE in the 9 products specified in the ERECON report);

Recycler;
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4- Screening ofseveral patent databases such as WIPO, Espacenet, etc. to identify the potential
investors in the field of REE recovery
5- Web search anthterviews to identify relevant stakeholders as potential business drivers supporting
the REE4EU project.
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Figurel The REE4EU value chain and how it is embedded in the global supply chain
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The analysis led to the identification of more than 300 stakeholtt&sare connectedi.e. with a business
relationship to the REE recovergnd REE ussuljects and therefore to the project. Stakeholders were

classified based on their individual position across the global REE supply chain as follows: potential end users

of REE, stakeholders with access to feedstocks containing REE, stakeholders invobaadpating)
For each stakeholder, information was gathered from publicly available
sources, such as company websites, public reports or other public information about their interests in rare

technology development, etc.
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earth elements. The gathered infoation for each industrial stakeholder was tabulated following a

standardised form (see table below) to facilitate the reading of this document and the retrieval of the
information.

Tablel Standardised table for illustration binformation of the identified industrial stakeholders

Company information Name:

Type:SMEor Large Industry
Country:

Website:

Value chain position Primary Supplieror REE recovery, or REA producer, or REE inte
product manufacturer, or end user recycler.

General description General description of the core business and activities of the indus
stakeholder

Link to REE4EU Concise information on why the identified stakeholders is linked to
REEA4EU project and how?

Proi Link to theproject(s) which the stakeholder has been participating to
rojects . : :

briefing on the project(s) such correspondingding programmes, Sta
date, End date, funding received, number of partners, and coording
entity.

REE4ELUGA n680507 PageB of 227
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2 Innovators (EU projects)

The frst step in the stakeholder analysis was to focus on the European organisations that have been working
on the topic of REE recovery within the context of European projects in the past years. As these EU projects
have a strong innovation character, theitsf SK2f RSNAE NBLINBaASyld (GKS aLyy29
REE recovery. Analysis of the aforementioned projects led to the identification on one hand, of the industrial
entities (large industries and SMEs) with interest in REE recovery due to Isudinestion, know how,
services etc. depending on the availability of REE, and on the other hand, of the RTOs and academic
organisations active in the development of new recovery technologies for REE4EU. Both types of
stakeholders have strong ties with tipeoject and will be informed about the progress of REE4EU activities
with an aim to highlight potential synergies of REE4EU with ongoing European projedts @otdntially
generate business development opportunities with the industry. The followindaseptovides a detailed
description of the methodology implemented to identify those innovators in Europe that are connected to
the REE4EU project, and the results obtained.

2.1 Methodology

The first step of the stakeholder analysis, aiming at better diBell  YRAY 3 G gK2 A& R2AY
REE4EU value chain, was the research on the funded European projects.

About CORDIS | Contact | Advanced Search | Legal Notice | English (en) r

CORDIS

European

Commission Community Research and Development Information Service

European Commission > CORDIS > Home

ﬁ NEWS & EVENTS PROJECTS & RESULTS RESEARCH*EU MAGAZINES PARTNERS

Figure2 CORDIS portal homepage

The Community Research and Development Information Sernf@®RDIS)s the ECs primary public
repository and portal to disseminate information on e EUfunded research projects and their results.
tbhQa AydSttAaasyds vYSiK2R2f238 Aa o0FasSR 2y (KS SE
a set of structured informatiombout funded projects and the involved entities. Thanks to InnovationPlace
(www.innovationplace.eu), the proprietarglatform based on the Open Innovation paradighat also
encompasses intelligence tools to tape into large data of publicly availableniatfion, the PNO team was

able to rapidly explore the CORDIS repository, identify the relevant EU projects and extract the detailed list
of all the stakeholders involved in such projectéie actors involved in the REE4EU value chain which
participate or tave participated in EU projects have been considesd A Y Y 2 @ds &2 pdjeéts hae

strong innovation character

REE4ELGA n%680507 Page9 of 227
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i) INNOVATION 0000 -
PNO Connecting Ambitions
MEMBERSHIP OUR SERVICES FUNDS FOR R&D ABOUT US PNO SERVICES BECOME A MEMBER

FIND FUNDS FOR YOUR RESEARCH IDEAS

<‘&§:\ N

Search projects’ opportunities

Search pre-screened research projects’ ideas where collaboration is sought, and propose yourself as candidate partner for projects of your

interest.
BECOME A MEMBER »

SEARCH FUNDS FOR R&D PROJECTS OPPORTUNITIES MANAGE YOUR PROJECTS INTELLIGENCE TOOLS

Figure3 InnovationPlace homepage

The garting point of this process was the identification of the corpii€td projects related to the REE4EU
scope Guided by the project consortium, PNO team pagformed the first queriesvith 4 keywords and a
timeframe. Since the goal of this analysis is to identify the actors that are currently aclREHmecovery
projects that have started before 2005 were ignorétie chosen keywords were:

1 Batter(y) recycl(e)

1 Magnet() recover(y)
1 Permanent magnet()
1 Dismantl(ing)

Overall funding: Overall funding: Overall funding:
42,5 MEUR 80,5 MEUR 96,2MEUR
Average funding: Average funding: Average funding:
1,7 MEUR 1,6 MEUR 2,7 MEUR

Overall funding:
86,7 MEUR

Average funding:
3,2 MEUR

Battery recycle Magnet recovery Permanent magnet Dismantling
27 projects 25 projects 47 projects 35 projects

Figure4 First queries overview

REE4ELUGA n680507 PagelOof 227
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Due to the stemming functionality of the reseh tool and the broad keywords adoptettie final corpus of

128 projectd comprised also items out of scope. The noise generated was considered less problematic than
the possibility of missing important projectdeverthelessa filtering phase was needed order to narrow

down the corpus to the only relevant contents.

The full list was analysed and each item was tagged in order to cluster the projeats Tl Y AThidsfep ¢ ®
was performed in order to ensure a better overview on the identified prgjeatd tobetter visualise the
landscape covered.

Recycling/
recovering/
dismantling

23

Other
(politics,
Magnet
8

3

Figure5 First queries results analysisproject families

The full listof projectswasdiscussed with the coordinator and a brainstorm session about the projects was
necessaryto refine the list to the most relevant projects. During the brainstorm session, high level
information about the projects were investigated and their intimacy and synergies with the REE4EU project
were assessed. Following the brainstorm session, thevlisreduced to29 projectsrelated toselected for

5 project families

1 Dbattery
M electrical motor
i magnet

1 recycling/recovering/dismantling
1 wind turbine

An overview of the selected 29 projects is illustrated dtle2.

2The 134 hints obtained from the 4 queries uted in 6 overlapping projects. Once removed the redundancies, the
final corpus comprised 128 projects.
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Table2 Selected EU projects

TITLE START
DATE
Next generation urban minin¢ 01/09/15
- Automated disassembly,
separation and recovery of
valuable materials from

eledronic equipment

Towards Replacement of 01/06/16
Critical Catalyst Materials by
Improved Nanopatrticle
Control and Rational Design
A Chemical Approach to
Molecular Spin Qubits:
Decoherencend Organisatior
of Rare Earth Single lon
Magnets
Training Network for the
Design and Recycling of Rar
Earth Permanent Magnet
Motors and Generators in
Hybrid and Full Electric
Vehicles
Drastically reduced use of rar 01/01/13
earths in applications of
magnetocalorics

European Rare Earth Magne 01/09/13
Recycling Network
Development of a sustainable 01/01/13
exploitation scheme for
9 dzN2 LJISQ& wl N
deposits

01/08/15

01/09/15

REE4ELGA n%680507

END
DATE
31/08/19

31/05/19

31/07/20

31/08/19

31/12/15

31/08/17

31/12/17

PROJECT
ACRONYM
ADIR

CritCat

DECRESIM

DEMETER

DRREAM

EREAN

EURARE

COORDINATOR

FRAUNHOFER GESELLSCHAFT :
FOERDERUNG DER ANGEWAND1

FORSCHUNG E.V.

TTYSAATIO

KATHOLIEKE UNIVERSITEIT LEU

IMPERIAL COLLEGE OEISCE,
TECHNOLOGY AND MEDICINE

KATHOLIEKE UNIVERSITEIT LEU

NATONAL TECHNICAL UNIVERSIT®

ATHENSNTUA

Pagel2of 227
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PROJECT SUBPROGRAMM
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HiTech AlkCarb THE UNIVERSITY OF EXETER € p ®o dbp SC511d-2015

New geomodels to explore 01/02/16 31/01/20

deeper for HighTechnology
critical raw materials in

Alkaline rocks and
Carbonatites
Aeronautical Magnetic Gear 01/09/12 30/04/14 MAGBOX UNIVERSIDAD CARLOS IIDEMAC € My o ®c JTICS20121-
SFWA01-048

Box
INSTITUT JOZEF STEFAN € H®Ppndg GC.SST.2018

New permanent magnets for 01/10/13 30/09/16 MAGDRIVE

electricvehicle drive
MPMO M SME2011-1

applications
Improved magnets for energy 01/12/12 30/11/14 MAGNETIDE ATARD SAVUNMA VE HAVACILIK S/ €
generation through advancec ILERI TEKNOLOJI UYGULAMALA
ARASTIRMA VE GELISTIRME A.¢

tidal technology

Mcy ®o FPZPEOPE

Estalishing of a novel 01/03/15 28/02/17 MINEPEP HELMHOLTZENTRUM DRESBEN €
technology platform for bie ROSSENDORF EV 2013I0F
based mineral processing:
Development of peptides as
agents for the separation of
rare earth minerals via bio
flotation
New Spin for Molecular 31/08/15 30/08/17 MOLMAG JYVASKYLAN YLIOPISTO € Mopmdo MSCAFR2014EF
Magnets
HIGH PERFORMANCE 01/06/10 31/12/12 NANOPERMAG NATIONAL CENTER FORNSTFIC € H3LNOO® FPZPEOPLE
NANOSTRUCTURE wo{ 9! w/ I h59ah’ 2009IF
PERMANENT MAGNETS
30/11/15 NANOPYME FUNDACION IMDEA NANOCIENCI € o ®n T ¢ NMP.2012.4.13

Nanocrystalline Permanent 01/12/12
Magnets Based on Hybrid
Metal-Ferrites

REE4ELGA n%680507 Pagel3of 227
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NOVel, critical materials free 01/04/16 30/09/19
high Anisotropy phases for
permanent MAGnetd)y
design.

Development of novel, high 01/04/16 30/09/19
Performance hybrid TWV/GP
Automotive afteR treatment

systems by raTlonAL dgs:
substitution of PGMs and Rar

earth materials
Rare Earth Oxide Dielectrics 01/05/11
for Advanced Germanium

CMOS Technology

Novel active nanophotonic
devices in rareearth doped
double tungstates
Reclamation of Gallium,
Indium and Raréarth
Elenents from Photovoltaics,
SolidState Ligting and
Electronics Waste

30/04/13

01/08/11 31/07/15

01/01/13 31/12/16

Recovery of Rare Earth  01/12/13 30/11/16
Elements from magnetic wast
in the WEEE recycling indust
and tailings from the iron ore
industry
Rare Earth Element reCYCLi 01/07/13

with Low harmful Emissions

30/06/18

REE4ELGA n%680507

NOVAMAG FUNDACION BCMATERIABASQUE € p ®pcH NMP-23-2015
CENTRE FOR MATERIALS, APPLIC/
AND NANOSTRUCTURES
PARTIAPGMs WARRANT GROUP SRL € ndcpn NMP232015
REACT "NATIONAL CENTER FOR SCIENT € wmMp T @1 FPZ?PEOPLE
RESERCH "'DEMOKRITOS™" 2010IEF
REACT UNIVERSITEIT TWENTE € Mnnodn FPZPEOPLE
2011-CIG
RECLAIM NEDERLANDSE ORGANISATIEVC € n ®T1T mp NMP.20124.22
TOEGEPAST
NATUURWETENSCHAPPELIJK
ONDERZOERNO
REECOVER NORGES TEKNISK € pPdhdhp ENV.2013.643
NATURVITENSKAPELIGE UNIVERS
NTNU
REECYCLE € H®PHpP ERGAGPES
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Improvement of Technical
Capabilities for Research ani
Development (R&amp;D)
Related to Separation,
Determination and Preliminan
Production of diferent Rare
Earth Elements.
RARE EARTH FREE
PERMANENT MAGNETS

New Recovery Processes tc
produce Rare Earth
Magnesium Alloys of Hig
Performance and Low Cost
Rare Earth Magnet Recoven
for Environmental and
Resource Protection
Rare Earth Metal Separation
with lonic Liquids

Resource Efficient Productiot
Route for Rare Earth Magnet

Replacement and Original
Magnet Engineering Options
The development of a novel

rare-earth magnet based wav:
power conversion system
Snapper

REE4ELGA n%680507

01/11/09

01/05/12

01/09/15

01/01/13

01/02/15

01/01/15

01/12/12

01/09/09

31/10/11

30/04/15

31/08/18

30/06/16

31/01/17

31/12/17

30/11/15

31/08/11

REESEP

REFREEPERM¢#

REMAGHIC

REMANENCE

REMSIL

REProMag

ROMEO

SNAPPER

HELSINGIN YLIOPISTO

"NATIONAL CENTER FOR SCIENT

RESEARCH "'DEMOKRITOS™"

FUNDACION CIDAUT

GTECH INNOVATION LIMITED

THE QUEEN'S UNIVERSITY OF BEL

OBE OHNMACHT & BAUMGARTNE

GMBH& CO KG

INSTITUT JOZEF STEFAN

NATIONAL RENEWABLE ENERGY C

LIMITED
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Thermoelectric power 01/03/14 29/02/16
generation from anomalous
Nernst effect based on rare
earth free hard magnetic
materials

REE4ELGA n%680507

THERMGSPIN

"THE PROVOST, FELLOWS, FOUOIN.
SCHOLARS & THE OTHER MEMBEI
BOARD OF THE COLLEGE OF THE t
UNDIVIDED TRINITY OF QUEEN
ELIZABETH NEAR DUBLIN"
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2.2 General overview of the industriadt L y' y 2 @deritifeNJind their positions in the global BE supply
chain

The partners involved in the selected EU projects were extracted, representing the first set of the identified
stakeholders active in the RE&pply chain. Aelicopter view of théndustrialinnovators and their position

in the supplychan isshownin Figure6. Detailed profiles of all théndustrialinnovators(SMEs and large
industries)are presented in sections 1.#&hile section 1.4provides the list ohon-profit stakeholders.

REE4ELUGA n680507 Pagel7 of 227
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Figure6 Identified industrial dinnovators and their positionsin the REE supplghain

REE4ELGA n%680507 Pagel8of 227






















































































































































































































































































































































































































































































































































































































































