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EXECUTIVE SUMMARY

Background of the EU criticality assessments

The EU assessment of Critical raw materials (CRMs) has been launched as the first action
of the EU Raw Materials Initiative (RMI)! of 2008. This EU policy pursues a diversification
strategy for securing non-energy raw materials for EU industrial value chains and societal
well-being. Diversification of supply concerns reducing dependencies in all dimensions -
by sourcing of primary raw materials from the EU and third countries, increasing
secondary raw materials supply through resource efficiency and circularity, and finding
alternatives to scarce raw materials.

One of the priority actions of the RMI was to establish a list of critical raw materials at EU
level. The first list was published in 2011 and it is updated every three years to regularly
assess the criticality of raw materials for the EU. CRMs are considered to be those that
have high economic importance for the EU (based on the value added of corresponding
EU manufacturing sectors, corrected by a substitution index) and a high supply risk
(based on supply concentration at global and EU levels weighted by a governance
performance index, corrected by recycling and substitution parameters).

The first assessment (2011) identified 14 CRMs out of the 41 candidate raw materials, in
2014, 20 out of 54 candidates, in 2017, 27 CRMs out of 78 candidates, and in 2020, 30
out of 83 candidates.

Context of the current assessment

Pressure on resources will increase - due to increasing global population,
industrialisation, digitalisation, increasing demand from developing countries and the
transition to climate neutrality with metals, minerals and biotic materials used in low-
emission technologies and products. OECD forecasts that global materials demand will
more than double from 79 billion tonnes today to 167 billion tonnes in 2060. Global
competition for resources will become fierce in the coming decade. Dependence of critical
raw materials may soon replace today's dependence on oil.

Raw materials are indispensable for the EU’s industry and stand at the very beginning of
each value chain. Amongst the non-energy, non-agricultural raw materials that are
assessed by the European Commission, some are defined as critical based on objective
criteria including their economic importance and their supply risk.> CRMs are often
produced and used in relatively small quantities* but have special characteristics® that
make them essential ingredients for products in strategic areas such as renewable
energy, digital, aerospace and defence technologies. Well-known examples include the
rare earths elements found in the permanent magnets used to manufacture wind
turbines motors, lithium used for batteries, and silicon used for semiconductors.

In light of these applications, critical raw materials are key to enable the European
industry to meet the political goals of the EU. The European Green Deal® the REPowerEU
Communication’, the Joint Communication on Defence Investment Gaps Analysis and
Way Forward® and the Digital Strategy® have all established objectives or targets to
achieve the green and digital transitions and strengthen the EU’s resilience and strategic
autonomy, which depend on the availability of critical raw materials, while the European
Commission has already began the implementation of the action plan set up in the 2020
Communication on Critical Raw Materials.'?

In 2022, the European Council’s adopted the Versailles Declaration'!, which called to
“take further decisive steps towards building our European sovereignty” and toward
“reducing our dependencies”. It called to secure EU supply of CRMs, particularly by
building on the strengths of the Single Market. Similarly, the European Parliament called
for an EU strategy for critical raw materials in its November 2021 resolution'? The
Conference on the Future of Europe also recommended for the EU to reduce dependence

1 https://ec.europa.eu/growth/sectors/raw-materials/policy-strategy_en
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on other countries for CRMs!3. Against this background, the President of the European
Commission announced in her State of the Union speech in 2022 a new legislative
proposal, the European Critical Raw Materials Act, notably to identify strategic projects all
along the value chain and to build up strategic reserves where supply is at risk.

This technical assessment 2023 is feeding into the legislative package of the Critical Raw
Materials Act and serves as a base for definition of the list of CRMs for the EU.

Overview of the 2023 assessment

The study presents the results of the fifth technical assessment 2023 of critical raw
materials for the EU. The assessment screens 70 candidate raw materials comprising 67
individual materials and three materials groups: ten heavy (HREEs) and five light (LREEs)
rare earth elements, and five platinum-group metals (PGMs), 87 individual raw materials
in total. Four new materials have been assessed: neon, krypton, xenon and roundwood.
Titanium metal has been assessed in addition to titanium. Aluminium and bauxite have
been merged for consistency reasons. For comparison, 41 candidate materials have been
screened in 2011, 54 in 2014, 78 in 2017, and 83 in 2020.

Screened raw materials in 2023 assessment (new materials in blue)

. aggregates, baryte, bentonite, borates, diatomite, feldspar, fluorspar,
Industrial and

) ) gypsum, kaolin clay, limestone, magnesite, natural graphite, perlite,
construction minerals

phosphate rock, phosphorus, potash, silica sand, sulphur, talc

Iron and ferro-alloy chromium, cobalt, manganese, molybdenum, nickel, niobium, tantalum,
metals titanium, titanium metal, tungsten, vanadium

. gold, silver, and Platinum Group Metals (iridium, palladium, platinum,
Precious metals . .
rhodium, ruthenium)

heavy rare earths - HREE (dysprosium, erbium, europium, gadolinium,
holmium, lutetium, terbium, thulium, ytterbium, yttrium); light rare
Rare earths . . .

earths - LREE (cerium, lanthanum, neodymium, praseodymium and

samarium); and scandium

aluminium/bauxite, antimony, arsenic, beryllium, bismuth, cadmium,
Other non-ferrous copper, gallium, germanium, gold, hafnium, indium, lead, lithium,
metals magnesium, rhenium, selenium, silicon metal, silver, strontium,
tellurium, tin, zinc, zirconium

. . natural cork, natural rubber, natural teak wood, sapele wood, coking
Bio and other materials

coal, hydrogen, helium, roundwood, neon, krypton, xenon

The proposal of the CRM Act Regulation? contains the list of Strategic Raw Materials
(SRMs) and the list of CRMs. The Regulation proposes to automatically add SRMs
selected based on a new methodology (Annex 1 of the Regulation) on the CRMs list,
defined by the established CRM methodology? (Annex 2 of the Regulation). The CRM
methodology was developed by the European Commission in cooperation with the Ad hoc
Working Group on Defining Critical Raw Materials (AHWG)* in 2017.

The methodology is based on the two main criteria of Economic Importance (EI) and
Supply Risk (SR). The thresholds remain at SR > 1.0 and EI = 2.8 rounded to one
decimal.

2 Regulation proposal COM(2023) 160 - 2023/0079 (COD)
3 Methodology for establishing the EU List of Critical Raw Materials, 2017, ISBN 978-92-79-68051-9
4The AHWG on Defining Critical Raw Materials is a sub-group of the Raw Materials Supply Group expert group.
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Main results of the 2023 criticality assessment

The following 34 raw materials are proposed for the CRM list 2023:

2023 Critical Raw Materials (new CRM:s in italics)

aluminium/bauxite coking coal lithium phosphorus
antimony feldspar LREE scandium
arsenic fluorspar magnesium silicon metal
baryte gallium manganese strontium
beryllium germanium natural graphite tantalum
bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium
copper* nickel*

2023 Critical Raw Materials (Strategic Raw Materials in italics)

aluminium/bauxite coking coal lithium phosphorus
antimony feldspar LREE scandium
arsenic fluorspar magnesium silicon metal
baryte gallium manganese strontium
beryllium germanium natural graphite tantalum
bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium
copper* nickel*

* Copper and nickel do not meet the CRM thresholds, but are included as Strategic Raw Materials.

The overall results of the 2023 criticality assessment are presented in Figure A. Critical
raw materials (CRMs) are highlighted by red dots and are located within the criticality
zone (SR = 1.0 and EI = 2.8 rounded to one decimal) of the graph. Copper and nickel do
not meet the CRM thresholds, but are included as Strategic Raw Materials. Blue dots represent
the non-critical raw materials.

All raw materials, even if not considered critical, are important for the EU economy. The
fact that a given material is classed as non-critical does not imply that availability and
importance to the EU economy can be neglected. Moreover, the availability of new data
and possible evolutions in EU and international markets may affect the list in the future.

Main changes to the 2020 criticality assessment

Aluminium/bauxite assessment has been merged due to consistency reason and stays
critical at its extraction stage (bauxite) as in the previous assessment.

Titanium metal, being a Strategic Raw material and used in aerospace and defence, stays
critical as in 2020. Titanium in all forms, around 80% used as white pigment, is not
critical.

Arsenic, used in metallurgy and semi-conductors, became critical due to increased EI
from 2.6 to 3.0 caused by relatively higher increase in added value of application metals
making NACE sectors C23 - Manufacture of other non-metallic mineral products and C24
- Manufacture of basic metals.

Feldspar used in glass and ceramics became critical due to increase in Supply Risk,
particularly through higher import dependency and doubling imports from Tirkiye now
supplying 51% of the EU needs.

Helium used in cryogenics and semiconductors manufacturing had been critical in 2017,

but not in 2020 due to small drop in Economic importance. In the 2023 assessment,

Economic importance increased due to relative higher increase of value added in the
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most relevant NACE-sectors C32 - Other manufacturing, C24 - Manufacture of basic
metals, C25 - Manufacture of fabricated metal products.

Manganese, being a Strategic Raw material, used in steelmaking and batteries became
critical due to Supply Risk increase at the extraction stage caused by lower domestic
supply dropping from 32t to 10t (Bulgaria and Hungary production stopped) increasing
import reliance and by more concentrated imports from South Africa 41% (33% in 2020)
and Gabon 39% (26% in 2020). EI has always been very high.

Supply Risk of Natural rubber used in tyres decreased below the threshold mainly due to
increased recycling input rate from 1% to 5%, which could however still be
underestimating the current efforts deployed by the industry to recycle end of life
products; and by decrease of substitution parameter from 0.99 to 0.90 based on revised
substitution possibilities. EU is 100% import reliant. Methodology however does not
reflect a producer countries cartel.

Both Supply Risk and Economic Importance of indium used in flat panel displays have
dropped below thresholds. In this assessment, the Supply Risk has been calculated with
both Global Supply and EU sourcing data, while in 2020 only Global Supply was
considered. Additionally, the EU indium production is higher that the consumption in the
EU. Economic Importance dropped due to more precise allocations of uses to applications
in the EU: Indium Tin Oxide (ITO) 0 % (no EU manufacturer), Solders 8 %, PV cells 7 %,
Thermal interface material 5 %, Batteries (alkaline) 20 %, Alloys/compounds 25 %,
semiconductors & LEDs 15 %, Others 20%. Globally, 60% of indium is used in ITO.

Nickel, being a Strategic Raw material, is the only battery material which has never been
on the list because of good supply diversification for the assessed period. Assessment
however neither reflects the concentration of ownership of the projects and production
capacities, nor private contractual arrangements, which may become an issue for the
future. Main global producers of ores and concentrates are Indonesia 26%, Philippines
14%, Russia 10%, New Caledonia 9%, Canada 8%, Australia 8% and several smaller
producers; and EU sources 39% from Finland, 24% from Canada, 19% from Greece, 8%
from South Africa, 4% from the US. Main refiners are China 33%, Indonesia 12%, Japan
9%, Russia 7% and several smaller producers; EU sources refined nickel from 29% from
Russia, 18% from Finland, 11% from Norway, 7% from Canada, 7% from Australia, 4%
from Greece and several smaller importers.

Copper, being a Strategic Raw material, is used in very large quantities of 20 Mt in 2020
for electrification across all strategic technologies. Its supply is very well diversified,
therefore it has not been considered critical before. However, it is challenging to
substitute due to its superior performance in electrical applications.

Compared to the list of 30 CRMs in 2020, there are 6 new CRMs (Arsenic, Feldspar,
Helium and Manganese, plus Copper and Nickel provided they will be defined as SRMs)
and two have dropped out (Indium and Natural rubber). None of the newly screened
materials (neon, krypton, xenon and roundwood) is critical.

2023 CRMs vs. 2020 CRMs

aluminium/bauxite gallium phosphate rock vanadium
antimony germanium phosphorus arsenic

baryte hafnium PGM feldspar
beryllium HREE scandium helium
bismuth lithium silicon metal manganese
borate LREE strontium copper

cobalt magnesium tantalum nickel

coking coal natural graphite titanium metal indivm
fluorspar niobium tungsten naturalrubber
Legend:

Black: CRMs in 2023 and 2020
Red: CRMs in 2023, non-CRMs in 2020
Strike: Non-CRMs in 2023 that were critical in 2020



Supply Risk

Figure A: Results of the 2023 EU criticality assessment®
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5 Copper and nickel do not meet the CRM thresholds, but are on the CRM list as Strategic Raw Materials.



Selected outcomes

The following tables present the major global supplier of the 2023 critical raw materials.
Table A presents the results for individual raw materials. Table B presents the averaged
figures on global primary supply for the 3 material groups: HREEs, LREEs, and PGMs.

Table A: Major global supplier countries of CRMs - individual materials

tage Main global Stage Main global
supplier supplier

1 aluminium Australia 28% magnesium China 91%
2 antimony E China 56% 28 manganese P S. Africa 29%
3 arsenic P China 44%| 29 natural graphite E China 67%
4 baryte E China 44%| 30 neodymium P China 85%
5 beryllium E USA 88%| 31 niobium P  Brazil 92%
6 bismuth P China 70% 32 |nickel P  China 33%
7 boron E Tarkiye 48% 33 palladium P Russia 40%
8 cerium P China 85%| 34 phosphate rock E China 48%
9 cobalt E DRC 63% 35 |phosphorus P China 74%
10 coking coal E China 53% 36 platinum P S. Africa 71%
11 copper E Chile 28% 37 |praseodymium P China 85%
12 dysprosium | P China 100% 38 rhodium P S.Africa 81%
13erbium | P China 100% 39 ruthenium P S.Africa 94%
14 _ P China 100% 40 samarium P China 85%
15 feldspar E Turkiye 32% 41 scandium P  China 67%
16 fluorspar E China 56% 42 silicon metal P  China 76%
17 _ P China 100% 43 strontium E Spain 31%
18 gallium P China 94%| 44 tantalum E DRC 35%
19 germanium P China 83% 45 fterbium | P China 100%
20 hafnium P France 49% 46 thulium | P China 100%
21 helium USA 56% 47 titanium metal P  China 43%
22 helmium | P China 100% 48 tungsten P China 86%
23 iridium P S. Africa 93%| 49 vanadium E China 62%
24 lanthanum P China 85% 50 _ P China 100%
25 lithium P Australia 53% 51 yttrum | P China 100%
26 lutetium | P China 100%

HREEs P China 100%

LREEs P China 85%

PGMs® (iridium, platinum, rhodium, ruthenium) P South Africa 75%

PGMs (palladium) P Russia 40%
Stage E = Extraction stage P = Processing stage
_ Dysprosium, erbium, europium, gadolinium, holmium, lutetium, terbium, thulium,

ytterbium, yttrium

LREEs Cerium, lanthanum, neodymium, praseodymium and samarium

PGMs Iridium, palladium, platinum, rhodium, ruthenium
6 Calculating the average for the largest global supplier for all the PGMs is not possible because the major producing

country is not the same for each of the five PGMs.



Figure B shows the world map of the main global producers of the raw materials listed as
critical for the EU in 2023.

Figure B: Countries accounting for largest share of global supply of CRMs

Russia
Palladium 40 %o
France
Hafnium 48% e China
Usa e Aluminlum S6%
Beryliium Antimon 56%
Helium  56% _ Spain Trkiye Arsenic 440,
Strontium 31% Boron  48% Baryte aanp,
Belaa 2 Bismuth 70%
Strontium 13?152 Cobalt 50%
Coking Coal 53%
Copper 38%
Fluorspar 56%
Gallium 94%
Germanium 83%
Lithium 56%
DRF Magnesium 91%
" Cobalt 63% ———
Brazil Tantalum 35% Manganese 58%
Niobium 92%: Natural graphlte &7%
Nickel 33%
Phosphate rock  44%
Phosphorus 7%
South Africa Australla Scandium 67%
Iridium 93% Aluminium 28% Silicon metal 76%
Chile palladium  36% Lithium  53% Titanium metal  43%
Copper 28% Platinum 7% Tungsten 86%
Rhodium B81% Vanadium 62%
Ruthenium 94%, LREEs 85%
Manganese 29%% HREEs 100%:

Italic = extraction stage
regular = processing stage

An analysis of global supply confirms that China is the largest supplier of several critical
raw materials. Other countries are also important global suppliers of specific materials.
For instance, Russia and South Africa are the largest global suppliers for platinum group
metals, Australia for lithium, the USA for beryllium and helium, and Brazil for niobium.

Figure C provides an overview of the EU producers of CRMs with a global share of over
0.5%. It is worth mentioning that the EU extracts 34% of global supply of strontium in
Spain; 14% of feldspar in Italy, Spain, France, Czechia, Germany and others; 3% of
tungsten in Austria, Portugal and Spain. The EU processes and refines 49% of global
supply of hafnium in France; 18% of antimony in Belgium, France, Spain and many
others; 17% of cobalt in Finland, Belgium and France; 7% of germanium in Germany and
Belgium; 5% of silicon metal in France, Spain and Slovakia; 4% of nickel in Finland,
Greece and France.



Figure C: EU producers of CRMs, in brackets shares of global supply, 2016-20207
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7 DG GROW elaboration on multiple sources



The following table presents the main countries from which the EU is sourcing critical raw
materials (EU sourcing) for individual raw materials and the averaged figures for 3
material groups: HREEs, LREEs, and PGMs.

Table B: Major EU sourcing countries of CRMs - individual materials

tage Main EU Stage Main EU
supplier supplier

O 0 NO UL A WN -

N NNNNNRRRRRRPRRRPRR
U D WNERLR OWVWOO®WNOGOULDMWNERO

aluminium

germanium
hafnium

lanthanum
lithium

W U U/ U U U U U U UMM W U O MmMMmMTW MMM ©O M

Guinea
Tlrkiye
Belgium
China
USA
China
Tarkiye
China
N/A*
Poland
Poland
China
China
China
Tarkiye
Mexico
China
China
China
France
Qatar
China
N/A*
China
Chile
China

63%
63%
59%
45%
60%
65%
99%
85%
N/A*
26%
19%
100%
100%
100%
51%
33%
100%
71%
45%
76%
35%
100%
N/A*
85%
79%
100%

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

magne5|um
manganese

natural graphite

neodymium
niobium
nickel
palladium

phosphate rock

phosphorus
platinum

praseodymium

rhodium
ruthenium
samarium
scandium
silicon metal
strontium
tantalum

WM YU M UV Y U UMM UV U UV UV UV OV U U M™WO® VUV OV MmO

titanium metal

tungsten
vanadium

China

S. Africa
China
China
Brazil
Finland
N/A*
Morocco
Kazakhstan
N/A*
China
N/A*
N/A*
China
China
Norway
Spain

Congo, D.R.

China
China
Kazakhstan
China
China
China
China

97%
41%
40%
85%
92%
38%
N/A*
27%
65%
N/A*
85%
N/A*
N/A*
85%
67%
35%
99%
35%
100%
100%
36%
32%
62%
0%
100%

Grouped materials Main EU supplier

HREEs
LREEs
PGMis (iridium, platinum, palladium, rhodium,
ruthenium)

Legend
Stage

LREEs
PGMs

China
P China

P N/A*

E = Extraction stage P = Processing stage
Dysprosium, erbium, europium, gadolinium, holmium, lutetium, terbium,
thulium, ytterbium, yttrium
Cerium, lanthanum, neodymium, praseodymium and samarium
Iridium, palladium, platinum, rhodium, ruthenium

100%
85%

N/A*

Figure D shows the world map of the main CRM suppliers to the EU. China is both the

largest global and the EU supplier for the majority of the CRMs,

including baryte,

bismuth, gallium, germanium, magnesium, natural graphite, all rare earths (HREE and
LREE), tungsten and vanadium.

Although China remains a major EU supplier, for a number of countries the EU sources
differs, e.g. coking coal and copper from Poland, arsenic from Belgium, hafnium from

9



France, strontium from Spain or nickel from Finland. There are several third countries
supplying the EU with CRMs, such as Chile (lithium), Guinea (bauxite), Kazakhstan
(titanium, phosphorus), Mexico (fluorspar), Norway (silicon metal), Tirkiye (antimony,
boron, feldspar), US (beryllium). EU sourcing however lacks reliable trade data for the
five platinum group metals produced mostly in South Africa, cobalt mined mostly in DRC,
beryllium supplied by the US, niobium from Brazil, vanadium produced in China.

Figure D: Major EU suppliers of CRMs

Finland e
Nicke! 38% ;,.w-' N
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italic = extraction stage

Manganese 41%
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There are several differences on the map compared to the situation in the previous
assessment: Belgium appears as the major EU supplier of arsenic (59%); major
production of germanium in Finland ceased in 2015; Finnish production of nickel doubled
and supplies 38% of the EU consumption; Germany ceased gallium production in 2016
and China became major supplier to the EU with 71%,; Qatar appears as the main
supplier of helium (35%); South Africa is our main supplier of manganese with 41%.

Figure E: EU Import reliance for extracted and processed CRMs
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The EU is at the forefront of the circular economy and has already increased its use of
secondary raw materials. For example, as shown in the Figure F, more than 50% of some
metals such as iron, zinc, or platinum are recycled and they cover more than 25% of the
EU’s consumption. For others, however, especially those needed in renewable energy
technologies or high-tech applications such as rare earths, gallium, or indium, secondary
production makes only a marginal contribution.

Figure F: Recycling’s contribution to meeting materials demand (End of Life
Recycling Input Rate)?®
EU End of Life Recycling Input Rate [%]

60%
55%

50%
42%
40%
32%
30% 28%
22%
20% 16%
12%13%
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10% =
19% 1% 1% 1% 1% 1% 2% 2% %
0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 170 1% 1% 1% 1% l

8 The Recycling Input Rate (RIR) is the percentage of overall demand that can be satisfied through secondary raw
materials. Figure from: Study on the EU's list of Critical Raw Materials (2020) Final Report
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1. INTRODUCTION

1.1. CONTENT AND PURPOSE OF THE REPORT

This DG GROW report serves as the background document in support of defining the
2023 list of Critical Raw Materials (CRMs) for the EU.

The report is the result of cooperation with the Ad hoc Working Group on Defining Critical
Raw Materials (AHWG)?, consultants and key industry and scientific experts identified
through the Horizon project SCRREEN1?, including two validation workshops in 2022.

This report includes information on the criticality assessments carried out on the
materials covered for this 2023 exercise and is divided into the following chapters and
annexes:

e Chapter 1 - Introduction to the report: objectives and context of critical raw
materials in Europe;

e Chapter 2 - Criticality assessment approach: scope of the criticality assessments,
application of the EC criticality methodology, data sources used and stakeholder
consultation;

e Chapter 3 - Criticality assessment outcome: results and key findings, comparison
with previous assessments and limitations of the assessment results, conclusions
and recommendations; and

e Annexes - Additional supporting information on the methodology, quantitative
assessment and related data, stakeholder consultations

The report will accompany the Critical Raw Materials Act, together with the raw materials
factsheets updated by project SCRREEN?!! for both critical and non-critical materials, and
the Foresight report developed by DGs JRC and GROW.

1.2. OBJECTIVES OF THE REPORT

This report presents the results of the criticality assessment of 87 raw materials for the
EU based on the methodology developed by the European Commission?. The report
builds upon the work carried out in the previous assessments (201113, 20144, 20171
and 20201'%). The report takes into account feedback gathered from the previous and
2023 exercises and establishes the technical basis for the updated list of critical raw
materials for the EU.

The objectives of this assessment were to:

e Assess the criticality of a selection of raw materials following the EC
quantitative criticality methodology.

9 The AHWG on Defining Critical Raw Materials is a sub-group of the Raw Materials Supply Group expert group. The list
of its members and observers is available here:
http://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&grouplD=1353

10 http://scrreen.eu/the-project/

u The factsheets for critical and non-critical materials are provided as separate documents and are available at the
SCRREEN project wepbpage.

12 Methodology for establishing the EU List of Critical Raw Materials, 2017, ISBN 978-92-79-68051-9

13 2011 assessment refers to the study on Critical Raw Materials for the EU published in 2010 and the Commission's
Communication COM(2011)25 adopted in 2011.

14 2014 assessment refers to the study on Critical Raw Materials at EU level published in 2013 and the Commission's
Communication COM(2014)297 adopted in 2014.

15 2017 assessment refers to the study on Critical Raw Materials at EU level published in 2016 and the Commission’s
Communication COM(2017)0490 final adopted in 2017.

16 2020 assessment refers to the study on Critical Raw Materials at EU level published in 2020 and the Commission’s
Communication COM/2020/474 final adopted in 2020.
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e Analyse the production, key trends, trade flows and barriers of the raw
materials with the aim to identify potential bottlenecks by assessing extraction
and processing stages!” and supply risks throughout the value chain.

e Used data and projections are based on the reference period of the last 5
years - 2016-2020 (to the extent possible).

e Provide a list of data sources.

e Continue to improve the quality and availability of data.

e Analysis of a wider range of raw materials (4 new candidates: neon, krypton,
xenon and roundwood).

1.3. PURPOSE OF THE LIST OF CRITICAL RAW MATERIALS FOR THE EU

The 2023 list of CRMs is embedded in the Critical Raw Materials Act and serves as a
reference for its legislative provisions and actions.

The CRMs assessment and the list are intended to flag raw materials supply risks and
their economic importance for the whole EU economy.

The CRM list has already helped to incentivise the investment into production of CRMs in
the EU and abroad. The list has also being used to help prioritise needs and actions; for
example, as a supporting element when negotiating trade agreements, challenging trade
distortion measures or promoting research and innovation actions under EU Horizon and
Member States’ programmes.

It is also worth emphasising that all raw materials, even if not classed as critical, are
important for the European economy and that a given raw material and its availability to
the European economy should therefore not be neglected just because it is not classed as
critical.

17 A bottleneck is considered to be the point in the value chain for a specific material where the supply risk is highest,
i.e. the stage (either extraction/harvesting or processing/refining), that has the highest numerical criticality score for
the Supply Risk.
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2. CRITICALITY ASSESSMENT APPROACH

2.1 SCOPE OF THE ASSESSMENT
2.1.1 Screened raw materials

The 2023 assessment covers a larger number of materials: 87 screened individual
materials resulting in 70 candidate raw materials (67 individual and 3 grouped materials:
ten individual heavy (HREEs) and five light (LREEs) rare earth elements, and five
platinum-group metals (PGMs)). Five new materials have been assessed, including neon,
krypton, xenon, roundwood, and titanium metal (in addition to titanium). The 87
screened individual materials are listed in Table 1.

Table 1: List of materials/groupings covered in the 2023 assessment

Individual materials

Aggregates Helium Rhenium
Aluminium/bauxite Hydrogen Scandium
Antimony Indium Selenium
Arsenic Iron Ore Sulphur
Baryte Krypton Potash
Bentonite Lead Silica Sand
Beryllium Limestone Silicon Metal
Bismuth Gold Silver
Boron Gypsum Strontium
Cadmium Lithium Talc
Chromium Magnesite Tantalum
Kaolin clay Magnesium Tellurium
Cobalt Manganese Tin

Coking coal Molybdenum Titanium
Copper Natural Graphite Tungsten
Diatomite Neon Vanadium
Feldspar Nickel Xenon
Fluorspar Niobium Zinc
Gallium Perlite Zirconium
Germanium Phosphorus Titanium metal
Hafnium Phosphate rock

Iridium Platinum Ruthenium
Palladium Rhodium

LREEs HREEs

Cerium Dysprosium Lutetium
Lanthanum Erbium Terbium
Neodymium Europium Thulium
Praseodymium Gadolinium Ytterbium
Samarium Holmium Yttrium
Natural Rubber Natural cork Roundwood
Sapele wood Natural Teak wood

Legend:

Green boxes = Materials covered in 2014 assessment but not in 2011
Orange boxes = Materials covered in 2017 but not in 2014

Light blue boxes = Materials covered in 2020 but not in 2017

Yellow boxes Materials covered in 2023 but not in 2020
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To facilitate coherence, materials from previous assessments are included (with the
exception of osmium, pulpwood and sawn softwood!®). This allows for the identification
of any key materials that may move from the non-critical to critical status or vice versa.

2.1.2 Bottleneck screening

Since the 2020 exercise, it was decided to systematically include a two stage supply risk
assessment for those materials where two clear extraction and processing stages could
be identified and data is available. Table 2 indicates 40 individual raw materials screened
at both stages.

The extraction stage covers the production of ores and concentrates, or wood extraction.
The processing stage covers the separation, refining, chemical and metallurgical
modification of raw materials.

Table 2: List of materials covered by a two stages supply risk assessment

2023 Raw materials assessed at two stages

aluminium erbium lutetium tin

antimony europium manganese titanium
beryllium gadolinium molybdenum titanium metal
boron holmium neodymium tungsten
cerium hydrogen nickel vanadium
chromium iron ore niobium terbium
cobalt kaolin praseodymium thulium
coking coal lanthanum samarium yttrium
copper lead silver ytterbium
dysprosium lithium terbium zinc

In accordance with the EC methodology, the stage with a higher Supply Risk (SR) score
has been used in the results. Annex 3 provides further information and the rationale on
the stages assessed.

2.1.3 Reference period

The reference period for data used in the assessments is the 5-year average for 2016-
2020, where possible.

2.2 THE EC CRITICALITY METHODOLOGY

The proposal of the CRM Act Regulation!® contains the list of Strategic Raw Materials
(SRMs) and the list of CRMs. The Regulation proposes to automatically add SRMs
selected based on a new methodology (Annex 1 of the Regulation) on the CRMs list,
defined by the established CRM methodology?® (Annex 2 of the Regulation). The CRM
methodology was developed by the European Commission in cooperation with the Ad hoc
Working Group on Defining Critical Raw Materials (AHWG)?'in 2017.

The 2023 assessment applies the EC criticality methodology, while ensuring
comparability with the previous methodology used in 2011, 2014 and 2017. The
methodology is based on the two main criteria Economic Importance (EI) and Supply

18 Osmium was nominally assessed in 2011 and 2014 as part of the PGM group; however it cannot be assessed in its
own right because of the lack of data specific to osmium. It was, therefore, excluded from the 2017, 2020 and 2023
exercises. Complementary information on osmium is provided in the PGMs factsheet. Pulpwood and sawn softwood
were assessed only in 2014.

19 Regulation proposal COM(2023) 160 - 2023/0079 (COD)

20 Methodology for establishing the EU List of Critical Raw Materials, 2017, ISBN 978-92-79-68051-9

21 The AHWG on Defining Critical Raw Materials is a sub-group of the Raw Materials Supply Group expert group.
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Risk (SR). The thresholds remain at SR = 1.0 and EI = 2.8 rounded to one decimal. An
overview of the EC's criticality methodology is reported in Figure 2.

Figure 1: Overall structure of the criticality methodology?2
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2.3 DATA AVAILABILITY, QUALITY AND USE

The data availability and reliability required to complete the criticality assessment is
essential to ensure the robustness and comparability of the results and to maximise the
quality of the outputs of the study. A detailed list of the sources used in the criticality
assessment are provided in the Annex 11.

Regarding the overall availability and reliability of the data sources, in general, there is
good public data availability for global supply (e.g. from the WMD, BGS or USGS) at least
for one of the screened stages. There is also improvement in PRODCOM data provided by
Eurostat for the EU countries due to disaggregation of production codes; however,
confidentiality of some data remains an issue.

The main source for trade data used for calculating the EU sourcing Supply Risk was
Eurostat COMEXT data. Data still are of variable quality due to aggregated trade codes,
confidentiality or significant inconsistencies between the world producers and the EU
suppliers. Data for calculating trade parameter has been obtained from the OECD
Inventory on export restrictions on Industrial Raw Materials.

There is acceptable quality of data for the EU recycling input rates obtained from the EC
Materials Systems Analyses mostly for CRMs, however, for other some of the screened
materials only global or older EU data was available.

In addition, there is a general difficulty obtaining public data on the shares of applications
of materials, as well as their substitutes. Stakeholders were therefore consulted to
validate or provide additional inputs regarding the data used for the assessments.

In general, the criticality methodology prioritises official EU (Eurostat) and Member
States (world Mining Data (WMD), DERA reports) data over other public data,
trade/industry sources and other special interest groups. Where possible, it also

22 Study on the review of the list of critical raw materials, 2017, ISBN 978-92-79-47937-3
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prioritises the use of data for Europe over datasets that relate to the whole world e.g.
global data. Public data from organisations such as the United States Geological Survey
(USGS), British Geological Survey (BGS) or International Energy Agency (IEA) are used
in the cases where no other comparable sources exist or are of better quality. Data from
private sources (industry, trade associations, private data providers etc.) may also be
considered in the absence or insufficient quality of other data, under the condition that
such data can be shared and published.

2.4 STAKEHOLDER CONSULTATION

In addition to the use of data sources described in the previous section, the involvement
of stakeholders was of utmost importance in order to maximise the quality of the outputs
of the study and to ensure transparency. The aim of the stakeholder consultation was to
ensure that industrial and scientific stakeholders are given the opportunity to provide
their expert feedback on specific materials and eventually improve the results.
Consultation with stakeholders ensures that the outcomes of this study, especially the
conclusions, are optimally validated and subsequently disseminated and applied, where
relevant.

The dedicated Commission Expert Group AHWG has been consulted on the data inputs
and the results to ensure that the assessment reflect the body of knowledge available
throughout the EU on the topic of raw materials.

Additionally, the Horizon project SCRREEN2 co-organised with DG GROW two validation
workshops on 31 May-3 June and on 20-23 September 2022 to collect, review and
validate the data used for the purpose of criticality calculations and information used in
the factsheets. The stakeholder workshops also provided the opportunity to present the
data sources used and contributions delivered by stakeholders as well as to discuss any
recommendations to improve results. Experts were also asked to contribute to relevant
sections of the factsheets.

Several follow-up actions were carried out after the workshops, which included a
summary of key stakeholder feedback received from the validation workshops and follow-
up with individual stakeholders who indicated willingness and capability to contribute
relevant data and input for the criticality assessments. Based on this feedback, some of
the criticality assessments were improved while others were consolidated with more
accurate data.

A summary report of the stakeholder validation workshops is provided in Annex 13 and
includes details of the preparation and organisation of the workshops as well as the list of
participants.
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3. CRITICALITY ASSESSMENT OUTCOME

3.1 CRITICALITY ASSESSMENT RESULTS

Of the 70 candidate raw materials assessed, the following 34 raw materials are proposed
for the CRM list 2023.

Table 3: 2023 Critical raw materials for the EU

2023 Critical Raw Materials (new CRM:s in italics)

aluminium/bauxite coking coal lithium phosphorus
antimony feldspar LREE scandium
arsenic fluorspar magnesium silicon metal
baryte gallium manganese strontium
beryllium germanium natural graphite tantalum
bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium
copper* nickel*

* Copper and Nickel do not meet the CRM thresholds, but are included as SRMs.

Table 4: 2023 Critical raw materials 2023, including Strategic Raw Materials

2023 Critical Raw Materials (Strategic Raw Materials in italics)

aluminium/bauxite coking coal lithium phosphorus
antimony feldspar LREE scandium
arsenic fluorspar magnesium silicon metal
baryte gallium manganese strontium
beryllium germanium natural graphite tantalum
bismuth hafnium niobium titanium metal
boron/borate helium PGM tungsten
cobalt HREE phosphate rock vanadium
copper* nickel*

* Copper and Nickel do not meet the CRM thresholds, but are included as SRMs.

The list of critical raw materials (CRM) is established on the basis of the raw materials
which reach or exceed the thresholds for both parameters. There is no ranking order of
the raw materials in terms of criticality.

Annex 2 provides the scaled results of the Economic Importance (EI) and the Supply Risk
(SR) for extraction and processing stages, as well indicates the supply data that was
used (global supply and/or EU sourcing) in the calculations of SR. 0 provides Substitution
Indexes for EI and SR. Annex 10 provides Import Reliance (IR) for both stages. Annex
11 provides End-of-life Recycling Input Rate (EOL-RIR) used for each of the candidate
materials.

Figure 2 presents the overall results of the criticality assessments mapped against the
criticality thresholds. Critical raw materials are highlighted by red dots and are located
within the criticality zone (SR = 1 and EI = 2.8). Blue dots represent the non-critical raw
materials.



Figure 2: Criticality assessment results (individual materials and grouped HREEs, LRREs and PGMs)
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Figure 3 presents the individual results for the grouped materials. The blue dots
represent the platinum group metals (PGMs), the light green dot indicate the light rare
earth metals (LREEs) and the red dots present the heavy rare earth metals (HREESs).

Figure 3: Criticality results for individual materials grouped as PGMs, LREEs and
HREEs
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3.2 ANALYSIS OF THE ASSESSMENT RESULTS

3.2.1 Global supply

Figure 4 and Table 5 present the results for the 2023 CRMs as individual materials and
the averaged figures for the groups HREEs (10 materials), LREEs (5 materials) and PGMs
(5 materials).

Table 5: Global supply of the CRMs, individual materials

W ETT
Main global
Stage . Stage | global
supplier .
supplier

1 aluminium E Australia 28% magnesium P  China 91%
2 antimony E China 56% 28 manganese P S. Africa 29%
3 arsenic P China 44%| 29 |natural graphite E China 67%
4 baryte E China 44%| 30 |neodymium P China 85%
5 beryllium E USA 88% 31 niobium P  Brazil 92%
6 bismuth P China 70% 32 nickel P  China 33%
7 boron E Turkiye 48%| 33 palladium P  Russia 40%
8 cerium P China 85% 34 phosphate rock E China 48%
9 cobalt E DRC 63% 35 phosphorus P  China 74%
10 coking coal E China 53%| 36 platinum P S. Africa 71%
11 copper E Chile 28% 37 praseodymium P  China 85%
12 dysprosium | P China 100% 38 rhodium P S. Africa 81%
13 erbium | P China 100% 39 ruthenium P S.Africa 94%
14 europium | P China 100% 40 samarium P China 85%
15 feldspar E Turkiye 32% 41 scandium P China 67%
16 fluorspar E China 56% 42 silicon metal P China 76%
17 _ P China 100% 43 strontium E Spain 31%
18 gallium P China 94% 44 tantalum E DRC 35%
19 germanium P China 83% 45 _ P China 100%
20 hafnium P France 49% 46 _ P China 100%
21 helium P USA 56% 47 titanium metal P  China 43%
22 holmium | P China 100% 48 tungsten P China 86%
23 iridium P S. Africa 93% 49 wvanadium E China 62%
24 lanthanum P China 85% 50 ytterbium | P China 100%
25 lithium P Australia 53% 51 ytthium | P China 100%
26 _ P China 100%

HREEs China 100%
LREEs P China 85%
PGMs?2 (iridium, platinum, rhodium, ruthenium) P South Africa 75%
PGMs (palladium) P Russia 40%

Legend
Stage

E = Extraction stage P = Processing stage

Dysprosium, erbium, europium, gadolinium, holmium, lutetium, terbium, thulium,
ytterbium, yttrium

LREEs Cerium, lanthanum, neodymium, praseodymium and samarium
PGMs Iridium, palladium, platinum, rhodium, ruthenium

23 Calculating the average for the largest global supplier for all the PGMs is not possible because the major producing
country is not the same for each of the five PGMs.
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It should be noted, that in Table 5 it is not possible to calculate the average for the
largest global supplier of all the PGMs because the major producing country is not the
same for the five PGMs. For iridium, platinum, rhodium and ruthenium, the major global
supplier is South Africa, whereas for palladium the major global supplier is Russia.

The analysis of the global supply excludes aggregates, limestone and roundwood at the
extraction stage due to lack of data for all countries. Data for the following materials
were available, but not considered as the EU Import reliance is 0: magnesite and natural
cork at the extraction stage, hafnium, hydrogen, krypton, neon, xenon and zinc at the
processing stage.

The analysis indicates that China is the largest global supplier of the critical raw
materials. In terms of the total number of CRMs, China is the major supplier of 21 CRMs.
This includes light and heavy REEs, refined cobalt, natural graphite, nickel and other
CRMs: antimony, arsenic, baryte, bismuth, coking coal, refined copper, fluorspar,
gallium, germanium, phosphate rock, phosphorus, scandium, silicon metal, titanium,
tungsten and vanadium. In addition to China, several other countries are also important
global suppliers of specific materials. For instance, South Africa and Russia are the
largest global suppliers of platinum group metals, DRC of cobalt and tantalum, USA of
beryllium and Brazil for niobium.
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Figure 4: Main global suppliers of individual CRMs

China
Aluminium 56% LREEs

Antimony 56% Cerium 85%
Arsenic 44% Lanthanum 85%
Baryte 44% Neodymium  85%

France
Hafnium 49% -‘

Boron !8%

Spain
Strontium 31%

0
TR A i Bismuth 70% Praseodymium 85%
; o Cobalt 60% Samarium 85%
3 Y Coking Coal 53%
= Copper 38% HREEs
Fluorspar 56% Dysprosium 100%
Gallium 94% Erbium 100%
Germanium 83% Europium 100%
DRC Lithium. 56% Gado!inium 100%
Cobalt 63% Magnesium 91% Holm_lum 100%
Tantalum 35% Manganese 58% Lutetium 100%
Natural graphite 67% Terbium 100%
Nickel 33% Thulium 100%
Phosphate rock 44% Ytterbium 100%
Phosphorus 79% Yttrium 100%
South Africa Australia Scandium 67%
. Iridium 93% Aluminium 28% Silicon metal 76%
Chile Palladium 36% Lithium 53% Titanium metal  43%
Copper 28% Platinum 71% Tungsten 86%
Rhodium 81% Vanadium 62%

Ruthenium 94% v
Manganese 29%

e LS

1 italic = extraction stage
regular = processing stage
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3.2.2 EU supply

Table 6 and Figure 4: Main global suppliers of individual CRMs show the main CRM
suppliers to the EU. China is both the largest global and the EU supplier for the majority
of the CRMs,
graphite, all rare earths (HREE and LREE), tungsten and vanadium. Trade data for PGMs

are likely not to reflect reality, therefore are disregarded in the Table 5.

Table 6: Main EU suppliers of the CRMs, individual materials

Stage Main EU Main EU
supplier supplier

O 0 NO UL B WN -

NNNNNNRRRRRRPRRRPRR
U D WINREROWVWOWWNOGOUDMWNERLO

aluminium
antimony

germanium
hafnium
helium

iridium
lanthanum
lithium

Guinea
Tlrkiye
Belgium
China
USA
China
Tlrkiye
China
N/A*
Poland
Poland
China
China
China
Tlrkiye
Mexico
China
China
China
France
Qatar
China
N/A*
China
Chile
China

W U U/ U U U U U U UMM ™W U O MMM M™W MM ©O M

63%
63%
59%
45%
60%
65%
99%
85%
N/A*
26%
19%
100%
100%
100%
51%
33%
100%
71%
45%
76%
35%
100%
N/A*
85%
79%
100%

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

magnesium
manganese
natural graphite
neodymium
niobium

nickel

palladium
phosphate rock
phosphorus
platinum
praseodymium
rhodium
ruthenium
samarium
scandium
silicon metal
strontium
tantalum

W UM U U U UMM U U U U U U U UMW M™W O MM

titanium metal
tungsten
vanadium

including baryte, bismuth, gallium, germanium, magnesium,

China

S. Africa
China
China
Brazil
Finland
N/A*
Morocco
Kazakhstan
N/A*
China
N/A*
N/A*
China
China
Norway
Spain

Congo, D.R.

China
China
Kazakhstan
China
China
China
China

natural

97%
41%
40%
85%
92%
38%

N/A*
27%
65%

N/A*
85%

N/A*

N/A*
85%
67%
35%
99%
35%

100%

100%
36%
32%
62%

0%

100%

Grouped materials Main EU supplier

HREEs
LREEs
PGMis (iridium, platinum, palladium, rhodium,
ruthenium)

Legend
Stage

LREEs
PGMs

*trade data likely do not reflect reality

China
P China
P N/A*

E = Extraction stage P = Processing stage
Dysprosium, erbium, europium, gadolinium, holmium, lutetium, terbium,
thulium, ytterbium, yttrium
Cerium, lanthanum, neodymium, praseodymium and samarium
Iridium, palladium, platinum, rhodium, ruthenium
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Despite China being the largest global supplier for the majority of the critical raw
materials, the analysis of the primary EU sourcing (i.e. domestic production plus imports)
paints a different picture. China remains the major EU supplier of REEs, baryte, gallium,
germanium, magnesium, natural graphite, scandium, tungsten and vanadium, as
illustrated by Figure 5. Several EU countries represent main shares of the supply for
specific critical raw materials, such as coking coal and copper from Poland, arsenic from
Belgium, hafnium from France, strontium from Spain or nickel from Finland. There are
several third countries supplying the EU with CRMs, such as Chile (lithium), Guinea
(bauxite), Kazakhstan (titanium, phosphorus), Mexico (fluorspar), Norway (silicon
metal), Tlrkiye (antimony, boron, feldspar), US (beryllium). EU sourcing however lacks
reliable trade data for the five platinum group metals produced mostly in South Africa,
cobalt mined mostly in DRC, beryllium supplied by the US, niobium from Brazil,
vanadium produced in China.

The analysis of the EU sourcing excludes beryllium, cobalt, lithium, niobium, perlite,
vanadium at the extraction stage and PGMs, HREEs at the processing stage due to lack of
reliable data or negligible imports.

There are several differences on the map in Figure 5 compared to the situation in the
previous assessment: Belgium appears as the major EU supplier of arsenic (59%); major
production of germanium in Finland ceased in 2015; Finnish production of nickel doubled
and supplies 38% of the EU consumption; Germany ceased gallium production in 2016
and China became major supplier to the EU with 71%; Qatar appears as the main
supplier of helium (35%); South Africa is our main supplier of manganese with 41%.

Figure 6 shows that the EU still produces a number of CRMs in many Member States. The
EU extracts 34% of global supply of strontium in Spain; 14% of feldspar in Italy, Spain,
France, Czechia, Germany and others; 3% of tungsten in Austria, Portugal and Spain.
The EU processes and refines 49% of global supply of hafnium in France; 18% of
antimony in Belgium, France, Spain and many others; 17% of cobalt in Finland, Belgium
and France; 7% of germanium in Germany and Belgium; 5% of silicon metal in France,
Spain and Slovakia; 4% of nickel in Finland, Greece and France. The other materials are
produced in smaller shares, usually under 2% of global supply.
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Figure 5: Main EU suppliers of individual CRMs
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Figure 6: EU producers of CRMs (shares of global supply, 2016-20202%)

France

Aluminum 115034t (>0%)
Feldspar 530000t (2%)
Tantalum 4t (>0%)
Aluminium 405692t (1%)
Antimony 6007 t (6%)
Cobalt 89t (>0%)
Coking coal 2910000t (»0%)
Hafnium 351(49%)
Manganese 121100t (1%)
Nickel 3327t (>0%)
Silicon metal 130000t (4%)
Portugal

Copper 52202t (>0%)
Feldspar 123703t (>0%)
Lithium 262t (>0%)
Tungsten 601t (1%)
Antimony 0.7 t (>0%)
Borate 10t (>0%)
Manganese 0.6t (=0%)

24 DG GROW elaboration on multiple sources

Germany
Barytes
Coking coal
Copper
Feldspar
Fluorspar
Natural Graphite
Aluminium
Antimony
Borate
Coking coal
Copper
Gallium
Manganese

357151 (~0%)
10881761t (>0%)
461 (>0%)
252639t (1%)
584031 (1%)
2921t (~0%)
5325381 (1%)
8831 (1%)
18927t (2%)
10501802 t (2%)
662 180t (3%)
0.8t (>0%)

68t (>0%)

Denmark
Antimony 67 t(>0%)
Borate = 0.2 t(>0%)
Netherlands
Aluminium 51720t (>0%)
Antimony 604 t{1%)
Coking coal 1910512 t (>0%)
Manganese 2311 (>0%)

Belgium
Bismuth 1000t (4%)
Antimony 8689t (9%)
Arsenic 757 t(2%)
Cobalt 65351t (5%)
Coking coal 11488681t (>0%)
Copper 3667601t (2%)
Manganese 1023t (>0%)

Italy
Feldspar
Flu
Antim

38891t (1%) 220
560211 (2%)

1650461 (2%)
53761 t(34%) BDE_“ |
5541 (1%) Cokingcoal 1567
3000001t (>0%) Copper
ony 1553t (2%) Manganese

oking coal 11341241 (>0%)
Copper 4109601 (2%)
Manganese 151278t (1%)
Silicon metal 22000t (1%)

Sweden

Copper 97 876t (>0%)

Feldspar 23400t (>0%) Finland
Aluminium Cobalt
Antimony Copper
Coking coal Feldspar
Copper Nickel
Mangan

38000

5541
349t (0%
714t (>0%

3 %)

Greece
Aluminium 1 628 393 t (>0%)
Nickel 17632t (1%)
Aluminium 183930t (>0%)
Antimony 2.3 t(>0%)
Nickel 12314t (1%)
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17901t (1%)
43305t (>0%)
17016t (>0%)

357651 (2%)

Phosphate Rock 354564t (>0%)

Antimony 3.2t (>0%)
Cobalt 13940t (11%)
Coking coal 8157701t (>0%)
Copper 136 746t (1%)
Manganese 0.3t (>0%)
Nickel 50824t (3%)
Palladium 0.9t (>0%)
Platinum 1.3t(1%)
tonia
- ing coal 16102 t (>0%)
r‘ nganese 117 t(>0%) Poland
Coking conl 11421800t (1%)
ia Copper 407 295 t (2%)
ganese 7t (>0%) Feldspar 64 484t (>0%)
g Nickel 723t (>0%)
1a Antimony 66t (>0%)
nganese  21t{>0%) Cokingcoal 8789558t (1%)
Copper 537077 t(2%) Czech Republic
Helium 2671t (1%) Coking coal 2132928t (>0%)
Manganese 42t (>0%) Feldspar 430000t (1%)
Antimony 39t(>0%)
Cokingcoal 2292498t (>0%)
Manganese 7t (>0%)
Slovakia
Austria Barytes 9960t (>0%)
Hungary Feldspar 35000t (>0%)  Copper 26t (>0%)
= Natural Graphite 130t(>0%)  Feldspar 17 840t (>0%)
Aluminiam 44421 (~0%) Tungsten 931t(1%)  Aluminium 169505t (0%)
Manganese 9681 (>0%) Antimony 53t(>0%)  Antimony 2.41(>0%)
Antimony 0.5t (>0%) Cokingcoal ~ 1292816t(0%)  Borate 0.9t (>0%)
Coking coal 876 B8Ot (>0%) Copper 115563t(>0%)  Cokingcoal 14299741 (>0%)
Manganese 181(>0%) Manganese 9t(>0%)  Manganese 51539t (>0%)
Nickel 800t (>0%)  Silicon metal 200t (>0%)
Tungsten 2000t (2%)
Remania
Copper 8683t (>0%)
Feldspar 13900t (>0%)
Manganese 6020t (>0%)
Aluminium 277 804t (>0%)
Antimony 0.8t (>0%)
Bulgaria
Barytes 59400t (1%)
Copper 111372t (1%)
Fluorspar 880t (>0%)
Manganese 2525t (>0%)
Antimony 0.6t (>0%)
Copper 220235t (1%)
Cyprus
Copper 932t (>0%)



3.2.3 Summary of other criticality assessment results

Analysis of Supply risk results (global vs EU sourcing)

The methodology calculates the Supply risk based on the actual supply to the EU (EU
sourcing) used in combination with the global supply. Detailed results are in the Annex 7
and Annex 8. The methodology uses the Import Reliance (IR) indicator to combine the
two measures of Supply Risk, i.e. the one based on global supply and the one based on
actual EU sourcing. Averages of 2026-2020 Worldwide Governance Indicators®> per
country scaled to 0-10 for the use in the methodology are in the Annex 9.

Due to concerns over sufficiently available high-quality data, the methodology
recommends that in the case of trade or domestic production data unavailability and/or
low quality, the SR should be estimated based on global supply only. This is based on the
rationale that although it is not a true measure of the risk specific to the EU, the risk
calculated using global supply is probably a more stable calculation and more reliable in
terms of data quality. Moreover, the mix of global suppliers is generally more stable in
time, whereas the exporters to the EU might change more rapidly.

Import reliance results for specific materials

Figure 7 and Annex 10 present the full set of Import Reliance values for all candidate
CRMs, in several cases made available at two stages.

For some materials, the import reliance is negative or zero. This means that exports from
the EU are higher than imports to the EU. As stipulated in the methodology, when IR is
100%, the Supply Risk calculation should take the average of the two indicators, i.e.
50% based on global supply and 50% based on actual EU sourcing. In the few cases
where the EU is independent, or almost independent, of imports, the global supply mix is
disregarded and the risk is entirely calculated based on the actual sourcing of the
material to the EU.

A 0% or <0% IR means that the SR result is calculated based on EU sourcing data only.

End-of-Life recycling input rates (EoL RIR) results

Figure 8 and Annex 11 present the full set of EOL-RIR. EOL-RIR is the selected recycling
indicator used as a Supply risk reducing parameter in the EC criticality methodology. A
remarkable effort was paid to search for or to develop better data for such a key
parameter, for which low availability, inadequate quality or representativeness is a well-
known problem. Synergies were identified and substantial improvements of EOL-RIR
results, using higher quality EU based data, were made possible thanks to 30 new
Material System Analyses (MSAs) are run in parallel to this criticality assessment.

25 https://info.worldbank.org/governance/wgi/

30


https://info.worldbank.org/governance/wgi/

lance

: Import reli

Figure 7

EU Import reliance

100%

90%

80%

70%

60%

50%

40%

30%

20%

10%

0%

3402 [RAMEN
Sweielq
wnpue.ns
e3|is
pooMpPUNCY
aled
aysaudely
EVECTT|
winsdAcy
RIS
uouay
wnun|p L
Anyding
uoa
uondhdy
winiujeH
saeSou88y
wniuapg
BANIS

ole]
wniwpey
wnipu
23juoluag
pean

AB[D UlOBY
Yyseyod
JIUSIY
winjuoyy
LIN|UBLLRS
Jaddoy
Jedspp4
uascupAy
Mz
Jedsion|4
202 Bupjoy

B Processing

winjuiLInpy
[EIDW UG3|IS
Yinws)g

UL

ajhieg

M Extraction

122N

340 uol|
ua3sBuUn]
J|eqo3

spoJ ajeydsoyd
a1 IXneg/un|uwIn)y
wnjuayy
wnijaH
wnijes
asauedue|p|
wnjeyue |
23ydeJB jearmen
[E33W winjueyl|
winjpuess
snaeydseyd
ASd

wnigalm
winisaude|p
winyhiag
winipeues
winjued|z
poom 2|adeg
poom eS| |edmeEnN
Jaqgny [earmen
wnuel| L
Auonuy
uoiog

3341

wnipn
wnuspghjo
334H

31



t rate (EOL-RIR)

End of life recycling inpu

Figure 8

End of Life Recycling Input Rate [%)]

90%

80%

70%

60%

50%

20%
30%
20%
10%

0%

;1\0"(\ ‘\\3@
& &
& 4

>
Ko

P &
X
& <
Q;Q

&
O
&

32



3.3 COMPARISON WITH THE RESULTS OF PREVIOUS ASSESSMENTS
3.3.1 Overview 2011-2023

This chapter provides a comparison of the 2023 assessments against the previous lists. A
good level of backwards compatibility and consistency with the previous criticality
assessments remains priority for the EC. The complete comparison of the results for all
screened raw materials is in the Annex 4. Figure 9 highlights the changes of the 2023
results in comparison to 2020.

The materials that have remained critical in all assessments are listed in Table 7. Other
key differences in the assessments across the exercises are further discussed in the
following section.

Table 7: Materials identified as critical in 2011, 2014, 2017, 2020 and 2023

Critical raw materials in 2011, 2014, 2017, 2020 and 2023

Antimony Germanium Natural graphite
Beryllium Heavy rare earth elements Niobium

Cobalt Indium PGMs

Fluorspar Light rare earth elements Tungsten
Gallium Magnesium

Compared to the 30 CRMs in 2020, there are 6 new CRMs (Arsenic, Feldspar, Helium and
Manganese, plus Copper and Nickel as SRMs) and two have dropped out (Indium and
Natural rubber). None of the newly screened materials (neon, krypton, xenon and
roundwood) is critical.

Table 8: CRMs in 2023 compared to CRMs in 2020

2023 CRMs vs. 2020 CRMs

aluminium/bauxite germanium PGM arsenic
antimony hafnium scandium feldspar
baryte HREE silicon metal helium
beryllium lithium strontium manganese
bismuth LREE tantalum copper
boron magnesium titanium metal nickel
cobalt natural graphite tungsten

coking coal niobium vanadium

fluorspar phosphate rock e

gallium phosphorus Aeteeebber

Legend:

Black: CRMs in 2023 and 2020

Red: CRMs in 2023, non-CRMs in 2020

Green: CRMs assessed in 2023 that were not assessed in 2020
Strike: Non-CRMs in 2023 that were critical in 2020

The table below summarises the key changes in the 2023 CRMs list compared to the
2017 CRMs list. The 2023 assessment confirmed 25 CRMs from the 2017 list.

Table 9: CRMs in 2023 compared to CRMs in 2017

2023 CRMs vs. 2017 CRMs

antimony germanium phosphate rock aluminium/bauxite
baryte hafnium phosphorus feldspar
beryllium helium scandium lithium
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bismuth HREE silicon metal manganese

boron LREE tantalum titanium metal
cobalt magnesium tungsten copper

coking coal natural graphite vanadium nickel
fluorspar niobium faelicnes arsenic
gallium PGM metrabrabber strontium
Legend:

Black: CRMs in 2023 and 2017

Red: CRMs in 2023, non-CRMs in 2017

Green: CRMs assessed in 2023 that were not assessed in 2017
Strike: Non-CRMs in 2023 that were critical in 2017

The table below summarises the key changes in the 2023 CRMs list compared to the
2014 CRMs list. The 2023 assessment confirmed 17 CRMs from the 2014 list.

Table 10: CRMs in 2023 compared to CRMs in 2014

2023 CRMs vs. 2014 CRMs

antimony LREE aluminium/bauxite vanadium
beryllium magnesium baryte copper

boron natural graphite feldspar nickel

cobalt niobium hafnium arsenic

coking coal PGM lithium bismuth
fluorspar phosphate rock manganese helium
gallium silicon metal natural rubber phosphorus
germanium tungsten scandium strontium
HREE faeiensa tantalum titanium metal
Legend

Black: CRMs in 2023 and 2014

Red: CRMs in 2023 that were not CRMs in 2014

Green: CRMs in 2023 that were not included in the assessment in 2014
Strike: Non-CRMs in 2023 that were critical in 2014

The table below summarises the key changes in the 2023 CRMs list compared to the
2014 CRMs list. The 2023 assessment confirmed 17 CRMs from the 2011 list.

Table 11: CRMs in 2023 compared to CRMs in 2011

2023 CRMs vs. 2014 CRMs

antimony natural graphite feldspar coking coal
beryllium niobium lithium hafnium

cobalt PGM manganese helium
fluorspar tungsten scandium natural rubber
gallium faghizian vanadium phosphate rock
germanium tantalum copper phosphorus
HREE aluminium/bauxite nickel silicon metal
LREE baryte arsenic strontium
magnesium boron bismuth titanium metal
Legend

Black: CRMs in 2023 and 2011

Red: CRMs in 2023 that were not CRMs in 2011

Green: CRMs in 2023 that were not included in the assessment in 2011
Strike: Non-CRMs in 2023 that were critical in 2011
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Figure 9: 2023 Criticality assessment results compared to the 2020 assessment?2¢
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26 Copper and nickel do not meet the Supply risk threshold, but as SRMs, they are on the list of CRMs. Individual REEs used for permanent magnets (Nd, Pr, Tb, Dy, Gd, Sm, and Ce) have been
grouped in the figure for information only, but they do not represent an additional grouped material under the CRM assessment.
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3.3.2 Summary of the main changes compared to the previous assessment

This section highlights the changes compared to the last assessment, newly assessed
candidate materials and battery raw materials.

Aluminium/bauxite assessment has been merged due to consistency reason, and stays
critical at its extraction stage (bauxite) as in the previous assessment.

Titanium metal, being a Strategic Raw material and used mainly in aerospace and
defence, is critical as in 2020. Titanium in all forms, around 80% used as white pigment,
is not critical.

Arsenic, used in metallurgy and semi-conductors, became critical due to increased EI
from 2.6 to 3.0 caused by relatively higher increase in added value of application metals
making NACE sectors C23 - Manufacture of other non-metallic mineral products and C24
- Manufacture of basic metals.

Feldspar used in glass and ceramics became critical due to increase in Supply Risk,
particularly through higher import dependency and doubling imports from Tirkiye now
supplying 51% of the EU needs.

Helium used in cryogenics and semiconductors manufacturing had been critical in 2017,
but not in 2020 due to small drop in Economic importance. In the 2023 assessment,
Economic importance increased due to relative higher increase of value added in the
most relevant NACE-sectors C32 - Other manufacturing, C24 - Manufacture of basic
metals, C25 - Manufacture of fabricated metal products.

Manganese, being a Strategic Raw material, used in steelmaking and batteries became
critical due to Supply Risk increase at the extraction stage caused by lower domestic
supply dropping from 32t to 10t (Bulgaria and Hungary production stopped) increasing
import reliance and by more concentrated imports from South Africa 41% (33% in 2020)
and Gabon 39% (26% in 2020). EI has always been very high.

Supply Risk of Natural rubber used in tyres decreased below the threshold mainly due to
increased recycling input rate from 1% to 5%, which could however still be
underestimating the current efforts deployed by the industry to recycle end of life
products; and by decrease of substitution parameter from 0.99 to 0.90 based on revised
substitution possibilities. EU is 100% import reliant. Methodology however does not
reflect a producer countries cartel.

Both Supply Risk and Economic Importance of indium used in flat panel displays have
dropped below thresholds. In this assessment, the Supply Risk has been calculated with
both Global Supply and EU sourcing data, while in 2020 only Global Supply was
considered. Additionally, the EU indium production is higher that the consumption in the
EU. Economic Importance dropped due to more precise allocations of uses to applications
in the EU: Indium Tin Oxide (ITO) 0 % (no EU manufacturer), Solders 8 %, PV cells 7 %,
Thermal interface material 5 %, Batteries (alkaline) 20 %, Alloys/compounds 25 %,
semiconductors & LEDs 15 %, Others 20%. Globally, 60% of indium is used in ITO.

Nickel, being a Strategic Raw material, is the only battery material which has never been
on the list because of good supply diversification for the assessed period. Assessment
however neither reflects the concentration of ownership of the projects and production
capacities, nor private contractual arrangements, which may become an issue for the
future. Main global producers of ores and concentrates are Indonesia 26%, Philippines
14%, Russia 10%, New Caledonia 9%, Canada 8%, Australia 8% and several smaller
producers; and EU sources 39% from Finland, 24% from Canada, 19% from Greece, 8%
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from South Africa, 4% from the US. Main refiners are China 33%, Indonesia 12%, Japan
9%, Russia 7% and several smaller producers; EU sources refined nickel from 29% from
Russia, 18% from Finland, 11% from Norway, 7% from Canada, 7% from Australia, 4%
from Greece and several smaller importers.

Copper, being a Strategic Raw material, is used in very large quantities of 20 Mt in 2020
for electrification across all strategic technologies. Its supply is very well diversified,
therefore it has not been considered critical before. However, it is challenging to
substitute due to its superior performance in electrical applications and improve
secondary supply due to very long lifecycle of copper in products.

In several cases of screened raw materials, such as bismuth, beryllium, cobalt, PGMs,
there was an increase of Economic Importance due to higher proportional increase of
value added of several NACE 2 2-digit level sectors (e.g. C24 - Manufacture of basic
metals; C25 - Manufacture of fabricated metal products; C26 Manufacture of
computer, electronic and optical products; C32 - Other manufacturing) against the
largest C28 Manufacture of machinery and equipment n.e.c.

Table 12: Rationale for the changes in the results compared to 2020

Changes in
SR and El

Raw material from 2020 to Reason for the changes

2023
SR dropped due to slightly better diversification, though EU
is 100% import reliant.
El increased due to changes in the value-added of NACE
Rev. 2 sectors and reallocation of uses shares towards
batteries and lubricating greases.
SR increased above the threshold due to doubling of
imports from Tirkiye supplying half of the EU needs.
Strong increase in SR due to higher global production
Gallium SR:1.3t03.9 concentration in China and stopping a major domestic
production.
Decrease is due to applying the same approach as in 2017,
calculating SR also with EU supply data, not only Global
supply as in 2020 assessment. The global supply of
germanium is still highly concentrated in China.
El increased slightly above the threshold due to relatively
Helium El: 2.6t0 2.9 higher increase of value added in the most relevant NACE-

sectors.

El dropped due to more precise allocation of uses shares at
Hydrogen El: 3.8t02.9 the EU, compared to the global shares used in the previous
assessment.
SR decreased below the threshold due to calculating with
both GS and EU sourcing data, while in 2020 only GS was
considered. EU domestic production largely covers the EU
needs.
SR calculated at both stages, in the previous assessment
Niobium SR:3.9to 4.4 only at the processing stage. SR is higher at the extraction

stage, where only global supply is considered.

SR:3.2t0 3.9
PGM Iridium SR increased marginally for all PGMs, for iridium mostly
El: 4.2t0 6.4 due to update of the EoL RIR.

SR:2.3t0 1.6

Beryllium El: 42to05.4

Feldspar SR: 0.8t0 1.5

Germanium SR:3.9t01.8

Indium SR:1.8t0 0.6
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Raw material

Changes in
SR and El
from 2020 to
2023

Reason for the changes

PGM Palladium
PGM Platinum
PGM Rhodium

PGM Ruthenium

HREE Gadolinium

HREE Europium

LREE Lanthanum

LREE Neodymium
LREE Praseodymium
HREE Terbium

Sapele wood

Scandium

Strontium
Sulphur

Tantalum

Titanium

Tungsten

Vanadium

El: 70t0 8.1
El: 59t06.9
El: 7.4 t0 8.6
El: 41t05.5

SR:6.1t03.3
El: 461t03.3

SR:3.7t0 5.6

SR: 6.0to 3.5
El: 1.5t02.9

El: 481t0 7.2
El: 43t07.0
El:41to6.4

SR:2.3t01.3

SR:3.1t02.4
El: 44t03.7

El: 3.5t06.5

El: 41t05.0

El: 40to0 4.8

SR:1.3t0 0.5

SR:1.6to 1.2

SR:1.7t0 2.3

El increased due to changes in the value-added of NACE
Rev. 2 sectors and updated allocation of uses shares.

In general for LREEs, SR dropped significantly due to
diversification of global supply at both extraction and
processing stages. HREEs generally SR dropped less, due to
processing monopoly of China.

For europium, SR increased due to updated EoL RIR.

For gadolinium, SR and El dropped mostly due to decrease
of Substitution Indexes for the updated applications
towards increased magnets uses, and decreased lighting.

El increase for lanthanum due to the split of the FCC into
FCC and autocatalysts, with autocatalysts having a higher
GVA than FCC

Strong El increase for terbium, neodymium and
praseodymium was due to the evolution of end uses
shares towards magnet sector.

SR decreased mainly due to a different approach to
estimate of production quantities derived from trade data,
instead of a bottom-up acre-based estimation followed in
2020.

SR decreased mainly due to decrease of Russian share on
global supply and elimination of Chinese export taxes and
quota in 2015.

El slightly decreased due to an updated allocation of uses
shares.

El increased due to an updated allocation of uses shares,
mainly towards magnets and pyrotechnics.

El increased due to changes in the value-added of NACE
Rev. 2 sectors.

El increased due to changes in the value-added of NACE
Rev. 2 sectors and updated allocation of uses shares.

SR decreased as titanium assessment has been split to
titanium and titanium metal. SR results are consistent with
2017. In 2020 assessment, the metal stage has been
considered (titanium sponge, essential in high-tech
applications).

SR decreased due to the fact that the export quotas
imposed by China and reflected in the last assessment,
were lifted in 2015.

SR increased mainly due to production concentration, even
more dominated by China.
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For the main raw materials used in batteries:

Raw material

Changes in SR
and El from

Reason for the change

Cobalt

Lithium

Manganese

Natural
graphite

Nickel

2017 to 2020
SR:2.5t02.8

El: 5.8t0 6.8

SR:1.6t0 1.9

El: 3.1to0 3.9

SR:09to 1.2

El: 6.7t0 6.9
SR:2.3t0 1.8

El: 3.2to 3.4

SR: 0.5t0 0.5
El: 49to0 5.7

SR slightly increased compared to the 2020 assessment, as the
EU supply data for extraction stage have been disregarded.
Trade data for 81052000 Cobalt mattes and other
intermediate products of cobalt metallurgy; unwrought cobalt;
cobalt powders are confidential since 2015 and mask major
imports from DRC.

El increased due to changes in the value-added of NACE Rev. 2
sectors. Batteries still represent only 3% of use over the
reference period.

SR at the processing stage increased slightly due to more
precise information on the processing data at global level.

El increased due to changes in the value-added of NACE Rev. 2
sectors and reallocation of uses shares towards batteries and
lubricating greases.

SR increased over the threshold at the extraction stage due to
decreased domestic supply and increased import reliance;
Results are similar to the previous assessment

The SR has decreased mainly due to diversification of both the
global and the EU supply.

Results are similar to the previous assessment. More precise
allocation to NACE-2 (2-digit) sectors.

Results are similar to the previous assessment

El increased due to relative higher increase of the VA and
more precise allocation to the NACE-2 (2-digit) sectors:

Table 13: Criticality assessment results for new materials

Stage Suoplv Risk Economic Import Reliance EOL-RIR
assessed PPy Importance (%) (%)
P 0.7 3.1

neon 0% 0%
krypton P 0.7 3.3 0% 0%
xenon P 0.8 3.1 0% 0%
roundwood E 0.1 1.2 0% 0%
titanium metal P 1.6 6.3 100% 1%

Raw material Comment

neon
krypton

xenon

roundwood

titanium metal

Noble gases are important in a range of high-tech applications from lighting,
laser technology, chips manufacturing etc. also used in aerospace and defence
sectors. They are produced by separation from air gases.

Roundwood is a very high volume raw materials used across the economy in
products as paper, wood panels, furniture etc.

Titanium metal has been assessed as a specific and critical form of titanium,
due to its strategic applications and a very concentrated production.
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3.4 LIMITATIONS OF THE CRITICALITY ASSESSMENTS

Even though the criticality assessment is based on the most robust and comprehensive
data available, it remains a screening exercise. Thus, it is important to take into account
the data limitations when interpreting the results of this criticality assessment. Key
limitations can help to understand the robustness of the 2023 assessment results and the
comparability of the results across the four assessments.

Regarding the robustness of the analysis and corresponding results, despite the use of
data of optimal quality, the following limitations on data are noted:

- Data on materials uses shares: For several raw materials, the EU uses shares
were not available, therefore hypotheses and assumptions were used based on
available global shares instead. Moreover, there were some issues with the use of
NACE 2-digit codes, since a single code had to be selected per application; and in
some cases more than one code was applicable to a specific application.

- Cases with issues on data to assess the EU supply: Similar to the previous
exercises, this assessment integrates data on EU sourcing (when available and of
acceptable quality) to calculate the Supply Risk. Taking into account actual sourcing
to the EU provides a more realistic picture of the situation for each material. 2011
and 2014 assessments considered only the global supply to calculate SR. In general,
there was good public data availability for global supply for the majority of the
materials assessed, however, data on EU sourcing were not always available or were
of poor quality for some materials. Further, for some materials, there were also
challenges related to inconsistencies in the type of data reported (for example for
REEs, cobalt and PGMs) e.g. units, % of the material contained, time period covered,
life-cycle stage covered, etc. between world production and EU sourcing data. In
these cases, only more reliable global supply data was used or stakeholders were
consulted to provide additional inputs to develop possible justified assumptions and
hypothesis, where relevant.

- Data on shares of material applications and substitution: In general, it was
difficult to identify or obtain public data on the shares of material applications, as well
as their substitutes. The reason for the lack of available and reliable data on the sub-
share of substitutes for a given application is that there are very few cases where
substitutes are actually already being used in practice. As a consequence, in many
cases, feedback was sought from experts to further develop acceptable assumptions
and hypotheses for the shares of material applications, potential substitutes and their
sub-shares.

- Data on End-of-life Recycling Input Rates (EOL-RIR): The role of recycling as a
Supply risk reducing parameter remains unchanged compared to the previous EC
criticality exercises. Efforts were thus focused on expanding Material System Analysis
(MSA) data availability and integrating available high-quality EU based data. Priority
remained on EU sources of data such as the MSAs to maintain the highest possible
comparability with previous EC criticality reports. In the cases where MSA data were
not available, data or assumptions were used based on information provided in other
sources e.g. the 2011 report ‘Recycling Rates of Metals’ by the International Resource
Panel of the United Nations Environment Programme (UNEP), sectorial reports, expert
judgement and stakeholder inputs. Therefore, the Supply risk result of the materials
which use an EOL-RIR figure that does not stem from the MSA should be considered
carefully.

- Bottleneck screening: uncertainty related to which stage is more critical has been
reduced using a systematic two-stage supply risk assessment as far as possible.
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3.5 RECOMMENDATIONS FOR FUTURE ASSESSMENTS

In the Communication on raw materials of 201127, the EC committed to regularly update
the CRM list; every three years. A second and third criticality assessment were therefore
published in 2014 and 2017. This study supports the fourth, 2020 list of CRMs for the EU,
which is part of the process to maintain and update important information and findings
on a regular basis. With this in mind, the following recommendations should be
considered in order to facilitate further updates and the robustness of the exercises on
criticality in the future.

Table 14: Summary of conclusions and recommendations to further strengthen
future criticality exercises

Topics Conclusions and recommendations

Materials and
scope
definitions

Life-cycle
stages accessed

End-of-life
Recycling Input
Rates (EOL-RIR)

Allocation of
end-use per
sector

Conclusions: The scope of the screened materials has been again expanded by
four new raw materials. Definitions of materials have been further improved.
Assessment of titanium has been split to reflect a specific from of metal, and
aluminium has been merged with bauxite to further harmonise the assessment.

Recommendations: Further harmonise nomenclature and terms used to define
materials and concepts related to the material life cycles would help in to define
the scopes of the assessments. It is important for instance to define a priori the
scope of each life cycle stage.

Conclusions: A key issue with all criticality assessments is the scope of each
assessment made. Two stages extraction and processing have been considered
where possible. This reduced the risk of missing the stage with more supply risk
in the material's life cycle. However, some raw materials may include an
intermediate stage between mining and refining stages that may also be
important for the assessment. Information on materials across their life cycle
and their supply chains is provided in the factsheets.

Recommendations: Systematic assessment of both extraction and refining
stages should continue in the next assessments. A third intermediate stage
could be considered for the next assessment.

Conclusions: The EOL-RIR parameter used in the methodology serves only as a
substitute of a Supply risk related to secondary raw materials, which cannot yet
be calculated due to missing data. Imports of “wastes and scraps” are not
considered as part of the Supply Risk parameter. Additionally, recycling is
considered as a riskless supply of secondary raw materials, which may not
realistically reflect the reality.

Material System Analyses (MSA) serve as the best tool for data gathering for
EOL-RIR, unfortunately they are not available for all screened materials.

Recommendations: Further expansion of MSA studies and updates are needed.

Conclusions: It was not always straightforward to determine to what extent a
specific material is used directly in a manufacturing sector or used in
downstream" sectors" towards the final product. MSA studies help to determine
the flows of materials through manufacturing and end uses.

27 Communication 'Tackling the challenges in commodity markets and on raw materials' (COM(2011)25)
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Topics Conclusions and recommendations

Recommendations: Further expansion of MSA studies and updates are needed.
Better differentiation between material uses in the EU manufacturing sectors
(used in methodology) and in the end uses/products (relevant to materials
stocks) is needed.

Conclusions: Official European statistics are prioritised over other sources of
data, however there were some data gaps that did not allow proper use of these

Public data
data sources.

gaps
Recommendations: Continue improving production and trade statistics and
address confidentiality issues.

Conclusions: Project SCRREEN helped to develop the first database solution for
gathering the data for the assessment and to facilitate the future assessments,
Development allowing for recording long term and alternative data from different sources.

of database Recommendations: Continue updating and developing the database with better

data analysis, reporting functionality and a user friendly interface to facilitate
the future assessments and a real time evidence making for policy use.
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ABBREVIATIONS AND GLOSSARY

General abbreviations

AHWG
BGS

COMEXT
CRM
DG GROW

EC

El
EOL-RIR
FTA

GVA

HHI
HREE

IR

JRC
LREE

NACE

OECD
PGM

PRODCOM

REE
RMSG
SI
SI(EI)
SI(SR)
SR
SRM
USGS
WGI

WMD

Ad-Hoc Working Group on Defining Critical Raw Materials

British Geological Survey
Eurostat's reference database for detailed statistics on international
trade in goods.

Critical Raw Material
European Commission's Directorate General Internal market, Industry,
Entrepreneurship, SMEs

European Commission

Economic Importance

End-of-life Recycling Input Rate

Free Trade Agreements

Gross Value Added

Herfindahl-Hirschman-Index

Heavy rare earth element

Import Reliance

European Commission’s Directorate General Joint Research Centre

Light rare earth element
Nomenclature statistique des activités économiques dans la
Communauté européenne

Organisation for Economic Co-operation and Development

Platinum group metal

Eurostat's statistics on the production of manufactured goods carried
out by enterprises on the national territory of the reporting countries.
The term comes from the French "PRODuction COMmunautaire"
(Community Production).

Rare earth element

Raw Materials Supply Group

Substitution Index

Substitution Index for Economic Importance
Substitution Index for Supply Risk

Supply Risk

Strategic Raw Material

US Geological Survey

Worldwide Governance Indicators of the World Bank
World Mining Data provided by Austrian Federal Ministry of Finance,
Directorate VI/5 - Mineral Resources Policy.
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Glossary

Term

Bottleneck

Critical Raw
Materials
(CRMs)

Economic
Importance
(EI)

End-of-life
Recycling
Input Rate

Extraction
stage

Heavy rare
earth
elements
(HREEsS)

Herfindahl-
Hirschman-
Index (HHI)

Import
Reliance (IR)

Light rare
earth
elements
(LREESs)

Mineral
deposit

New scrap /
Old scrap

Definition in the context of this report

A bottleneck is considered to be the point in value chain for a specific material
where the supply risk is highest, i.e. the stage (either extraction/harvesting or
processing/refining), that has the highest numerical criticality score for the
Supply Risk.

Critical raw materials (CRMs) are raw materials of a high importance to the
economy of the EU and whose supply is associated with a high risk. The main
two parameters: Economic Importance (EI) and Supply Risk (SR) are used to
determine the criticality of the material for the EU. The list of CRMs is established
on the basis of the raw materials which reach or exceed the thresholds for both
parameters.

One of the two main assessment parameters (in addition to Supply Risk) of the
EC methodology to measure the criticality of a raw material. In the EC
methodology, the Economic Importance is calculated based on the importance of
a given material in the EU for end-use applications and on the performance of
available substitutes in these applications.

The end-of-life recycling input rate (EOL-RIR) since the 2017 assessment refers
to the ratio of recycling of old scrap in the EU to the EU supply of raw material.
In other words, EOL-RIR is production of secondary material from post-consumer
functional recycling (old scrap) sent to processing and manufacturing and
replacing primary material input. In the previous EC criticality assessments (EC
2011, 2014), recycling rates and EOL-RIR refer only to functional recycling i.e.
the portion of EOL recycling in which the material in a discarded product is
separated and sorted to obtain recyclates.

Refers to the process of obtaining (extracting) raw materials from our
environment and is also referred to as the mining or harvesting stage. This may
involve discovering where these raw materials are located (often achieved with
knowledge of geology) and developing processes to extract them from these
locations (e.g. mining the ores).

Heavy rare earth elements (HREEs) are one of the two sub-categories of the rare
earth elements (REEs) group. HREEs are part of the lanthanide elements and
have higher atomic weights (hence “heavier”) compared to the light rare earth
elements (LREEs). HREEs are currently used in a few niche applications, which
are mostly related to their optical properties (Laser dopants, radiography, etc.).
The HREEs (10) covered by the study include dysprosium, erbium, europium,
gadolinium, holmium, lutetium, terbium, thulium, ytterbium and yttrium.

The Herfindahl-Hirschman-Index is a commonly accepted measure of market
concentration. In the context of the 2020 exercise, the Herfindahl-Hirschmann-
Index (HHIwei), based on the world governance index (WGI), is used to calculate
the Supply Risk as a parameter quantifying the stability of and level of
concentration in producing countries.

Import reliance (or import dependency) is part of the Supply Risk calculation in
the EC methodology for updating the list of critical raw materials for the EU. It
takes into account actual EU sourcing (net imports divided by a sum of domestic
production with net imports) and the level of import dependency in the
calculation of Supply Risk.

Light rare earth elements (LREEs) are one of the two sub-categories of the REEs
group. LREEs are part of the lanthanide elements and are characterised by lower
atomic weights (hence “lighter”) compared to HREEs. Generally, LREEs are more
abundant in the earth’s crust compared to HREEs. LREEs can be used in a wide
variety of applications according to the individual REEs and regional specificities,
but they are in general used in sectors such as catalysts, metallurgy,
glass/polishing and magnets. The LREEs (5) covered by the study include cerium,
lanthanum, neodymium, praseodymium and samarium.

A natural concentration of material of possible economic interest in the earth’s
crust.

New scrap refers to the scrap generated from processing and manufacturing
processes and it is also sometimes regarded as pre-consumer scrap. It has a
known composition, normally high purity, and origin, and can be often recycled
within the processing facility.

Old scrap, also regarded as post-consumer scrap, is the amount of material
contained in products that have reached their end of life (EOL). It is often mixed
with other materials such as plastics or alloys, therefore its recycling requires
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Term

Platinum
group metals
(PGMs)

Primary raw
material /
Secondary raw
material

Processing /
refining stage

PRODCOM /
NACE 2

Rare earth
elements
(REEs)

Rare earth
elements for
magnets

Raw material

Regulation

Definition in the context of this report

further detailed processing for proper recovery.

Five platinum group metals are covered by the assessment: ruthenium, rhodium,
palladium, iridium and platinum. They have similar physical and chemical
properties, tend to be found together, and are commonly associated with ores of
nickel and copper. The PGMs are generally derived from the same types of ore
deposit in which they occur together, commonly in the same mineral phases. For
this reason, they are classed as co-products, because they have to be mined
together. They rarely occur in native form.

The PGMs are highly resistant to wear, tarnish, chemical attack and high
temperature. The PGMs are regarded as precious metals, like gold and silver. All
PGMs, commonly alloyed with one another or with other metals, can act as
catalysts which are exploited in a wide range of applications. Platinum and
palladium are of major commercial significance, with rhodium the next most
important. The main use of PGMs is in autocatalysis, but other major applications
include jewellery, chemical manufacture, petroleum refining and electrical
products.

Primary raw materials are virgin materials, natural inorganic or organic
substance, such as metallic ores, industrial minerals, construction materials or
energy fuels, used for the first time.

Secondary raw materials are defined as materials produced from other sources
other than primary. Secondary raw materials can also be obtained from the
recycling of raw (i.e. primary) materials. Examples: steel or aluminium scrap.
Refers to a series of operations and treatments that transform raw materials
from a raw-material state into substances which are then used to make semi-
finished and finished products. Also referred to as the post-mining or post-
harvesting stage.

EUROSTAT Prodcom survey provides statistics on the production of manufactured
goods. The term comes from the French "PRODuction COMmunautaire"
(Community Production) for mining, quarrying and manufacturing: sections B
and C of the Statistical Classification of Economy Activity in the European Union
(NACE 2). The first four digits refer to the equivalent class within the Statistical
classification of NACE, and the next two digits refer to subcategories within the
Statistical classification of products by activity (CPA). Most PRODCOM headings
correspond to one or more Combined nomenclature (CN) codes related to EU
trade.

Refers to a set of 15 elements in the Lanthanide series and two other elements:
scandium and yttrium (see definitions for HREEs and LREEs). In the context of
this study, yttrium is considered a rare earth element since it tends to occur in
the same ore deposits as the lanthanides and exhibits similar chemical
properties. However, scandium is not considered as part of the REEs in the study
because its properties are not similar enough to classify it as either a heavy rare
earth element or light rare earth element. The REEs are typically sub-divided into
two groups, the light rare earth elements (LREEs) and heavy rare earth elements
(HREEs), both for commercial reasons and their physical-chemical properties.
The main uses of REEs are in automotive, telecom and electronics sectors, as
well as in the aerospace, defence and renewable energy sectors. REEs find uses
in a large variety of applications linked with their magnetic, catalytic and optical
properties.

Rare earths elements which are used in permanent magnets (neodymium,
praseodymium, terbium, dysprosium, samarium, gadolinium, cerium)

Natural or processed resources which are used as an input to a production
operation for subsequent transformation into semi-finished and finished good.
Primary raw materials are, as opposed to semi-finished products, extracted
directly from the planet and can be traded with no, or very little, further
processing.

Regulation proposal COM(2023) 160 - 2023/0079 (COD) of the European
Parliament and of the Council establishing a framework for ensuring a secure and
sustainable supply of critical raw materials and amending Regulations (EU)
168/2013, (EU) 2018/858, 2018/1724 and (EU) 2019/1020
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Term

Reserves

Resources

Strategic raw
materials
(SRMs)

Substitution

Supply Risk
(SR)

Value chain

Definition in the context of this report

”ow

The term is synonymously used for “mineral reserve”, “probable mineral reserve
and “proven mineral reserve”. In this case, confidence in the reserve is
measured by the geological knowledge and data, while at the same time the
extraction would be legally, economically and technically feasible and a licensing
permit is certainly available.

The term is synonymously used for “mineral resource”, “inferred mineral
resource”, “indicated mineral resource” and “measured mineral resource”. In this
case, confidence in the existence of a resource is indicated by the geological
knowledge and preliminary data, while at the same time the extraction would be
legally, economically and technically feasible and a licensing permit is probable.

Raw materials important for technologies that support the twin green and digital
transition and defence and aerospace objectives. The list is defined by the Article
3 and Annex 1 of the Regulation proposal COM (2023) 160 - 2023/0079 (COD).

In the EC methodology for updating the list of CRMs for the EU, substitution is
considered to reduce the potential consequences in the case of a supply
disturbance based on the rationale that the availability of substitute materials
could mitigate the risk of supply disruptions. It is therefore incorporated in both
the Economic Importance (EI) and Supply Risk (SR) dimension as a substitution
index. Since the 2017 assessment, only proven substitutes that are readily-
available today (snapshot in time) and that would subsequently alter the
consequences of a disruption are considered. As a result, only substitution, and
not substitutability or potential future substitution is considered in the EC
methodology.

One of the two main assessment parameters (along with Economic Importance)
of the EC methodology to measure the criticality of a raw material. In the EC
methodology, the Supply Risk is calculated based on factors that measure the
risk of a disruption in supply of a specific material (e.g. global supply and EU
sourcing countries mixes, import reliance, supplier countries’ governance
performance measured by the World Governance Indicator, trade restrictions and
agreements, availability and criticality of substitutes).

The value chain describes the full range of activities required to bring a raw
material through the different phases of production, transformation, delivery to
final consumers and final disposal or recovery after use.

”
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ANNEXES

Annex 1. Critical Raw Materials overview

. . H 28
Raw materials Stage Main global Main EU somIJrcmg "T’p°” EoL-RIR3 Selected Uses
producers countries reliance?®
c Australia 28% Guinea 62% 55% 32% Lightweight structures
Aluminium/ _g China 21% Brazil 12% High-tech engineering
A “m.'t"'”m S Guinea 18% Greece 10%
auxite g
c China 56% Tirkiye 63% 100% 28% Flame retardants
2 Tajikistan 20% Bolivia 26% Defence applications
Antimony @ Russia 12% China 6% Lead-acid batteries
£
w
0 China 44% Belgium 60% 39% 0% Semiconductors
£ Peru 40% China 39% Alloys
Arsenic § Morocco 11%
o
a
c China 32% China 44% 74% 0% Medical applications
o India 25% Morocco 28% Radiation protection
Baryte @ Morocco 9% Bulgaria 11% Chemical applications
u‘x: Germany 7%
Slovakia 2%
c United States 67% n/a n/a3t 0% Electronic and
2 China 26% Communications Equipment
Beryllium @ Mozambique 4% automotive, aero-space and
£ defence
w
components
o China 70% China 65% 100% 0% Pharmaceuticals
£ Vietnam 18% Thailand 12% Medical applications
Bismuth § Japan 5% Laos 8% Low-melting point alloys
g Solid rocket propellant
c Turkiye 48% Tirkiye 99% 100% 1% High performance glass
o United States 25% Fertilisers
Boron 8 Chile 11% Permanent magnets
X
c Congo, D.R. 63% n/a 81% 22% Batteries
o Russia 7% Super alloys
Cobalt 8 Canada 4% Catalysts
X Magnets
China 53% Poland 26% 66% 0% Coke for steel
c Australia 18% Australia 24% Carbon fibres
2 Russia 9% United States 20% Battery electrodes
Coking coal @ United States 6% Russia 8%
I:><: Canada 5%
Czechia 5%
Germany 2%

28 Based on Domestic production and Import (Export excluded)

2 IR = (Import — Export) / (Domestic production + Import — Export)

30 The End of Life Recycling Input Rate (EoL-RIR) is the percentage of overall demand that can be satisfied through secondary
raw materials

31 The EU import reliance cannot be calculated for beryllium, as there is no production and trade for beryllium ores and
concentrates in the EU
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Raw materials

Main EU sourcing?8

Import

reliance?® EL R

Selected Uses

Copper

Feldspar

Fluorspar

Gallium

Germanium

Hafnium

Helium

Lithium

Magnesium

Extraction

Extraction

Processing Processing Processing Processing Extraction

Processing

Processing

Main global

producers
Chile 28%
Peru 12%
China 8%
Tirkiye 32%
India 20%
China 8%
Italy 7%
China 56%
Mexico 21%
Mongolia 7%
China 94%
Ukraine 2%
Russia 2%
China 90%
Russia 5%
United States 2%
France 76%
Ukraine 14%
China 5%
Russia 3%
United States 56%
Qatar 30%
Algeria 8%
China 56%
Chile 32%
Argentina 11%
China 91%
United States 3%

32 EU is a net exporter of Hafnium and Indium

countries
Poland 19%
Chile 14%
Peru 10%
Spain 8%
Bulgaria 5%
Sweden 1%
Finland 2%
Portugal 2%
Turkiye 51%
Italy 22%
Spain 7%
France 5%
Czechia 1%
Germany 2%
Portugal 1%
Poland 1%
Spain 62%
Germany 22%
Italy 14%
China 69%
United States 10%

United Kingdom 9%

China
Belgium
Germany

France
United States
Russia

Qatar

Algeria
United States
Poland

Chile
Switzerland
Argentina
United States

China
Israel
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45%
32%
19%

49%
44%
3%

34%
29%
21%
5%

79%
7%
6%
5%

97%
1%

48% 55%
54% 1%
60% 1%
98% 0%
42% 2%
0%3? 0%
94% 2%
100% 0%
100% 13%

Electrical infrastructure

Glass including fibreglass
Ceramics

Steel and iron making
Refrigeration and
Air-conditioning
Aluminium making and
other metallurgy
Semiconductors
Photovoltaic cells

Optical fibres and Infrared
optics

Satellite solar cells
Polymerisation catalysts

Super alloys
Nuclear control rods

‘efractory ceramics

Controlled atmospheres
Semiconductors
MRI

Batteries

Glass and ceramics
Steel and aluminium
metallurgy

Lightweight alloys for
automotive, electronics,
packaging or
construction
Desulphurisation agent in
steelmaking



Main global Main EU sourcing?®  Import

Raw materials X . EoL-RIR3? Selected Uses
producers countries reliance?®
c South Africa 29% South Africa 41% 96% 9% Steel-making
o Australia 16% Gabon 39% Batteries
Manganese ® Gabon 14% Brazil 8%
u‘x: China 9% Ukraine 3%
China 67% China 40% 99% 3% Batteries
c
k] Brazil 8% Brazil 13% Refractories for steelmaking
Natural Graphite & Mozambique 5% Mozambique 12%
5 India 5% Norway 8%
Korea, North 5% Ukraine 7%
China 33% Russia 29% 75% 16% e Batteries
oo Indonesia 12% Finland 17% o Steel making
. 2 Japan 9% Norway 10% ¢ Automotive
Nickel § Russia 7% Canada 6%
o Canada 6% Australia 6%
Australia 5%
Brazil 89% n/a 100% 0% High-strength steel and
Canada 11% super alloys for
.%0 transportation and
- a infrastructure
Niobium @ . -
S High-tech applications
a (capacitors, superconducting
magnets, etc.)
China 44% Morocco 27% 82% 17% Mineral fertilizer
,5 Morocco 14% Russia 24% Phosphorous
Phosphate rock 3 United States 10% Finland 17% compounds
u‘x: Russia 7% Algeria 10%
o China 79% Kazakhstan 62% 100% 0% Chemical applications
£ United States 11% Vietnam 22% Defence applications
Phosphorus § Kazakhstan 6% China 13%
o Vietnam 5%
a
o China 67% n/a 100% 0% Solid Oxide Fuel Cells
£ Russia 17% Lightweight alloys
Scandium 3
e
o
o China 76% Norway 34% 64% 0% Semiconductors
£ Brazil 7% France 29% Photovoltaics
Silicon metal § Norway 6% Brazil 9% Electronic components
E France 4% Silicones
c Iran 37% Spain 99% 0% 0% Ceramic magnets
2 Spain 34% Aluminium alloys
Strontium ® China 16% Medical applications
X Pyrotechnics
c Congo, D.R. 35% N/a 99% 0% Capacitors for electronic
o Rwanda 17% devices
Tantalum § Brazil 16% Super alloys
u‘x: Nigeria 11%
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Raw materials

Main EU sourcing?8

Import
reliance?®

EoL-RIR3?

Selected Uses

Titanium
metal33

Tungsten3*

Vanadium35

Platinum Group
Metals36

Heavy Rare
Earth
Elements3’

Light Rare Earth
Elements

Processing

Processing

Processing

Processing

Processing

Main global
producers
China 25%
South Africa 13%
Australia 12%
Mozambique 10%
Canada 8%
Ukraine 6%
China 86%
United States 4%
Russia 3%
Vietham 3%
Austria 2%
China 62%
Russia 20%
South Africa 11%
Brazil 8%
South Africa 94%

- iridium, platinum, rhodium,
ruthenium

Russia

- palladium 40%
China 100%
China 85%
Malaysia 11%

countries

n/a

China 31%
Austria 19%
Vietnam 14%
Russia 9%
n/a

n/a

n/a

China 75%

33 For Titanium metal sponge there are no trade codes available for the EU
34 The distribution of tungsten smelters and refiners has been used as a proxy of the production concentration. Trade data are
not completely available for commercial confidentiality reason.
35 The EU import reliance cannot be calculated for the vanadium, as there is no production and trade for vanadium ores and
concentrates in the EU
36 The trade data include metal from all sources, both primary and secondary. It was not possible to identify the source and the
relative contributions of primary and secondary materials.
37 Global production refers to Rare Earth Oxides concentrates for both Light and Heavy Rare Earth Elements.
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100%

n/a

n/a

96%

100%

100%

19%

42%

1%

10%

4%

3%

Lightweight high-strength
alloys for

e.g. aeronautics, space and
defence

Medical applications

Alloys e.g. for aeronautics,
space, defence, electrical
technology

Mill, cutting and mining
tools
High-strength-low-alloys for
e.g. aeronautics, space,
nuclear reactors

Chemical catalysts

Chemical and
automotive catalysts
Fuel Cells

Electronic applications

Permanent Magnets for
electric motors and
electricity generators
Lighting Phosphors
Catalysts

Batteries

Glass and ceramics



Annex 2. Overview of the assessment results

(E1) used in SR | assessed SR

Aggregates 0.2 3.2 Extraction E EUonly 0.2 - -

Aluminium/bauxite 1.2 5.8 Extraction E+P GS+EU 1.2 GS+EU 0.5
Antimony 1.8 5.4 Extraction E+P GS+EU 1.8 GS+EU 0.7
Arsenic 1.9 2.9 Processing P - GS+EU 1.9
Baryte 13 35 Extraction E GS+EU 1.3 - -

Bentonite 0.4 31 Extraction E GS+EU 0.4 - -

Beryllium 1.8 5.4 Extraction E+P GSonly 1.8 GS+EU 1.2
Bismuth 1.9 5.7 Processing P - - GS+EU 1.9
Boron 3.6 3.9 Extraction E+P GS+EU 3.6 GS+EU 1.4
Cadmium 0.2 4.1 Processing P - - GS+EU 0.2
Chromium 0.7 7.2 Extraction E+P GS+EU 0.7 GS+EU 0.6
Cobalt 2.8 6.8 Extraction E+P GSonly 2.8 GS+EU 0.5
Coking coal 1.0 3.1 Extraction E+P GS+EU 1.0 GS+EU 04
Copper 0.1 4.0 Extraction E+P GS+EU 0.1 GS+EU 0.1
Diatomite 0.3 2.3 Extraction E GS+EU 0.3 - -

Feldspar 1.5 3.2 Extraction E GS+EU 1.5 - -

Fluorspar 11 3.8 Extraction E GS+EU 11 - -

Gallium 3.9 3.7 Processing P - - GS+EU 3.9
Germanium 1.8 3.6 Processing P - - GS+EU 1.8
Gold 0.4 24 Extraction E GS+EU 0.4 - -

Gypsum 0.6 2.7 Extraction E GS+EU 0.6 - -

Hafnium 1.5 4.3 Processing P - - EUonly 1.5
Helium 1.2 2.9 Processing P - - GS+EU 1.2
HREE 51 4.2 Processing E+P GS+EU 2.3 GSonly 5.1
HREE Dysprosium 5.6 7.8 Processing E+P GS+EU 53 GSonly 5.6
HREE Erbium 5.6 3.5 Processing E+P GS+EU 2.2 GSonly 5.6
HREE Europium 5.6 33 Processing E+P GS+EU 2.2 GSonly 5.6
HREE Gadolinium 33 33 Processing E+P GS+EU 1.1 GSonly 3.3
HREE Holmium 5.6 3.2 Processing E+P GS+EU 2.2 GSonly 5.6
HREE Lutetium 5.6 5.0 Processing E+P GS+EU 2.2 GSonly 5.6
HREE Terbium 4.9 6.4 Processing E+P GS+EU 2.5 GSonly 4.9
HREE Thulium 5.6 3.2 Processing E+P GS+EU 2.2 GSonly 5.6
HREE Ytterbium 5.6 3.2 Processing E+P GS+EU 2.2 GSonly 5.6
HREE Yttrium 3.5 2.9 Processing E+P GS+EU 1.4 GSonly 3.5
Hydrogen 0.5 2.9 Extraction E+P GS+EU 0.5 EUonly 0.3
Indium 0.6 2.6 Processing P - - GS+EU 0.6
Iron ore 0.5 7.2 Extraction E+P GS+EU 0.5 GS+EU 0.2
Kaolin clay 0.8 2.8 Extraction E+P GS+EU 0.8 GS+EU 0.5
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I;c::r:::se Sta'ge Stages
(E1) used in SR | assessed

Krypton 0.7 33 Processing P - - EUonly 0.7
Lead 0.1 4.2 Extraction E+P GS+EU 0.1 GS+EU 0.0
Limestone 0.3 3.6 Extraction E EUonly 0.3 - -
Lithium 1.9 3.9 Processing E+P GSonly 0.8 GS+EU 1.9
LREE 3.7 5.9 Processing E+P GS+EU 281% GS+EU 3.58
LREE Cerium 4.0 4.9 Processing E+P GSonly 3.9 GSonly 4.0
LREE Lanthanum 35 2.9 Processing E+P GS+EU 2.0 GS+EU 3.5
LREE Neodymium 4.5 7.2 Extraction E+P GS+EU 45 GS+EU 3.7
IF;I?aEsI,Eeodymium 3.2 7.0 Processing E+P GS+EU 1.8 GS+EU 3.2
LREE Samarium 3.5 7.7 Processing E+P GS+EU 2.0 GS+EU 3.5
Magnesite 0.6 3.6 Extraction E EUonly 0.6 - -
Magnesium 4.1 7.4 Processing P - - GS+EU 41
Manganese 1.2 6.9 Extraction E+P GS+EU 1.2 GS+EU 1.0
Molybdenum 0.8 6.7 Extraction E+P GS+EU 0.8 EU 0.2
Natural cork 0.9 1.7 Extraction E EUonly 0.9 - -
Natural graphite 1.8 34 Extraction E GS+EU 1.8 - -
Natural Rubber 0.9 6.0 Extraction E GS+EU 0.9 - -
Natural Teak wood 1.7 24 Extraction E GS+EU 1.7 - -
Neon 0.7 31 Processing P - - EUonly 0.7
Nickel 0.5 5.7 Processing E+P GS+EU 0.4 GS+EU 0.5
Niobium 4.4 6.5 Extraction E+P GSonly 4.4 GS+EU 3.8
Perlite 0.8 25 Extraction E GSonly 0.8 -
PGM 2.7 7.1 Processing P - - GSonly 2.74
PGM Iridium 3.9 6.4 Processing P - - GSonly 3.9
PGM Palladium 1.5 8.1 Processing P - - GSonly 1.5
PGM Platinum 2.13 6.9 Processing P - - GSonly 2.1
PGM Rhodium 2.4 8.6 Processing P - - GSonly 24
PGM Ruthenium 3.8 5.5 Processing P - - GSonly 3.8
Phosphate rock 1.0 6.4 Extraction E GS+EU 1.0 -
Phosphorus 3.3 4.7 Processing P - - GS+EU 3.3
Potash 0.7 6.2 Extraction E GS+EU 0.7 - -
Rhenium 0.5 2.3 Processing P - - GSonly 0.5
Roundwood 0.1 1.2 Extraction E GS+EU 0.1 - -
Sapele wood 1.3 1.6 Extraction E GS+EU 1.3 - -
Scandium 2.4 3.7 Processing P - - GSonly 24
Selenium 0.3 4.8 Processing P - - GS+EU 0.3
Silica 0.3 3.1 Extraction E GS+EU 0.3 - -
Silicon metal 14 4.9 Processing P - - GS+EU 1.4
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Economic
Impc();c)ance used in SR | assessed
Silver 0.8 4.6 Extraction E GS+EU 0.8 - -
Strontium 2.6 6.5 Extraction E GS+EU 2.6 - -
Sulphur 0.3 5.0 Processing P - EUonly 0.3
Talc 0.2 33 Extraction E GS+EU 0.2 - -
Tantalum 1.3 4.8 Extraction E GS+EU 13 - -
Tellurium 0.3 3.8 Processing P - GS+EU 0.3
Tin 0.9 4.5 Processing E+P GS+EU 0.5 GS+EU 0.9
Titanium 0.5 5.4 Extraction E+P GS+EU 0.5 GS+EU 04
Titanium metal 1.6 6.3 Processing E+P GS+EU 0.5 GS+EU 1.6
Tungsten 1.2 8.7 Processing E+P GS+EU 0.5 GS+EU 1.2
Vanadium 23 3.9 Extraction E+P GSonly 2.3 GS+EU 1.7
Xenon 0.8 3.1 Processing P - - GS+EU 0.8
Zinc 0.2 4.8 Extraction E+P GS+EU 0.2 EUonly 0.1
Zirconium 0.8 3.5 Extraction E GS+EU 0.8 - -
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Annex 3. Stages assessed and rationale

Stage

e used in

Material
assessed

Rationale for stages assessed

Aggregates

Aluminium/
bauxite

Antimony

Arsenic

Baryte

Bentonite

Beryllium

Bismuth

Boron

Cadmium

Chromium

E+P

E+P

E+P

E+P

E+P

SR

Extraction

Extraction

Extraction

Processing

Extraction

Extraction

Extraction

Processing

Extraction

Processing

Extraction

Data quality and availability on EU and global supply

No data on global supply, just Europe. Therefore, the Supply
risk is calculated only based on the EU supply. Superior quality
industrial data was available at the extraction stage for the EU.
Public trade data was available.

Data was available for both stages.

Data was available for both stages.

Global and EU supply data was available for the processing
stage.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the extraction stage
only.

Beryllium was assessed at both stages. For the extraction
stage, the trade data were not reliable, only global supply was
considered.

Global supply data was available at the refining stage only,
therefore this stage was selected for the criticality assessment.
Public data for the EU production were complemented by the
experts.

Data available for the extraction stage. Absence of processing
stage production data at the global level. The production was
estimated by experts based on the same distribution per
countries as the extraction, and with a total production equal to
80% of total extraction.

Global and EU supply data was available at the processing
stage only.

Data was available for both stages.
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Additional information

Aggregates are globally abundant and due to very
large quantities they are typically transported over
short distances. Therefore the relevant scope is the
EU and the neighbours.

The criticality of aluminium is assessed for two
different life cycle stages, the extraction and
refining. Data on global and EU supply was
available and used in the assessment.

EU is 100% import dependent.

Arsenic is a by-product, mainly of copper, zinc

Europe is a major producer of bentonite hence the
sector is important for the EU economy.

EU is 100% import dependent.

Cadmium is a by-product, mainly of zinc



Material

Cobalt

Coking coal
Copper

Diatomite
Feldspar
Fluorspar

Gallium

Germanium

Gold

Gypsum

Hafnium

Helium

HREE
Dysprosium

Stages
assessed

E+P

E+P
E+P

E+P

Stage
used in
SR

Extraction

Extraction
Extraction

Extraction
Extraction
Extraction

Processing

Processing

Extraction
Extraction

Processing

Processing

Processing

Data quality and availability on EU and global supply

Data was available for the global supply and for EU supply at
the processing stage. At the extraction stage, global supply
data was available, but part of the import data was
confidential, therefore only global supply has been considered.

Data available for both stages.

Data available for both stages.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the processing
stage only.

Global supply and EU supply data was available at the
processing stage only, therefore this stage was selected for the
criticality assessment. Public data for the EU production were
complemented by the experts.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the extraction stage
only.

Only processing stage has been assessed. Global production
data is confidential, previous assessment commercial data were
used. Trade data available.

Global and EU supply data was available at the processing
stage only.

Both stages have been assessed, but availability and quality of
data was variable. For the extraction stage, global supply was
available from the public and commercial data, while for the EU
supply aggregated trade codes had to be split based on
experts’ advice. For the processing stage, only global supply
was considered as data was available from the public and
commercial sources, while the trade data were of no acceptable
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Rationale for stages assessed

Additional information

Ga is a by-product, mostly of aluminium.

Ge is a by-product, mostly of zinc.

Hafnium is a by-product, mainly of zirconium.

Helium is a by-product, mainly of natural gas.

EU is highly dependent on the rare earths imports,
particularly heavy rare earths.



Material

HREE Erbium
HREE
Europium
HREE
Gadolinium

HREE Holmium

HREE Lutetium
HREE Terbium

HREE Thulium

HREE
Ytterbium

HREE Yttrium

Hydrogen

Indium

Iron ore

Kaolin clay

Krypton

Lead

Stages
assessed

E+P
E+P

E+P

E+P
E+P
E+P
E+P

E+P
E+P

E+P

E+P

E+P

E+P

Stage
used in
SR

Processing

Processing

Processing

Processing
Processing
Processing
Processing

Processing

Processing

Extraction

Processing

Extraction

Extraction

Processing

Extraction

Data quality and availability on EU and global supply

quality.

Both stages have been assessed and data was available. For
the extraction stage, global and the EU supply of natural gas
have been considered. For the processing stage, global and the
EU supply of hydrogen produced in captive plants, merchant
plants and as by-product processes data was available, but
only EU supply has been assessed.

Global and EU supply data was available at the processing
stage only.

Data was available for both stages.

Kaolin clay was assessed at both stages. For the extraction
stage (raw kaolin) public sources and expert advice have been
used and for processing (beneficiated kaolin) public sources
have been used.

Global and EU supply data was available at the processing
stage only. Global production data is available from an older
public report. EU sourcing data is based on an aggregated trade
code and expert advice.

Data was available for both stages.
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Rationale for stages assessed

Additional information

Hydrogen in the EU is produced mainly from natural
gas (65%), petroleum (27%), coal (5%) and only
3% by electrolysis. EU is a net exporter of
hydrogen.

Indium is a by-product, mainly of zinc and copper.

Krypton is produced from air.

Lead is highly recycled.



Material

Limestone

Lithium

LREE Cerium

LREE
Lanthanum
LREE
Neodymium
LREE
Praseodymium
LREE
Samarium

Magnesite

Magnesium
Manganese

Molybdenum

Natural cork

Natural
graphite
Natural
Rubber

Stages
assessed

E+P

E+P

E+P

E+P

E+P

E+P

E+P

E+P

Stage
used in
SR

Extraction

Processing

Processing
Processing
Extraction
Processing

Processing

Extraction

Processing
Extraction

Extraction

Extraction

Extraction

Extraction

Data quality and availability on EU and global supply

No data on global supply, just Europe. Import reliance was 0.
Therefore, the Supply risk was calculated only based on the EU
supply.

Both stages have been assessed. Data was available at
sufficient quality except for the trade data at the extraction
stage. More precise data on global production of processed
lithium.

Both stages have been assessed, but availability and quality of
data was variable. For the extraction stage, global supply was
available from the public and commercial data, while for the EU
supply aggregated trade codes had to be split based on
experts’ advice. For the processing stage, only global supply
was considered as data was available from the public and
commercial sources, while the trade data were of no acceptable
quality.

Global and EU supply data was available at the extraction stage
only. Import reliance is 0, therefore only EU supply has been
considered.

Global and EU supply data was available at the processing
stage only.

Data was available for both stages.

Both stages have been assessed, but for the processing stage
only EU supply was considered due to lack of processed
molybdenum production data.

Global and EU supply data was available at the extraction stage
only. Import reliance is 0, therefore only EU supply has been
considered.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the extraction stage
only.
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Rationale for stages assessed

Additional information

Limestone is globally abundant and typically used
locally.

EU is highly dependent on imports.

EU is self-sufficient in magnesite.

Magnesium is produced mostly from a very
abundant mineral dolomite and salt brines. EU is
100% import dependent.

EU is 100% import dependent.

EU is self-sufficient in cork.

EU is highly dependent on imports.

EU is 100% import dependent.



Material

Natural Teak
wood

Neon

Nickel

Niobium

Perlite

PGM Iridium

PGM Palladium
PGM Platinum

PGM Rhodium

PGM
Ruthenium

Phosphate
rock

Phosphorus
Potash

Rhenium

Stages
assessed

E+P

E+P

U TV U U

Stage
used in
SR

Extraction

Processing

Processing

Extraction

Extraction

Processing

Processing
Processing
Processing

Processing

Extraction

Processing
Extraction

Processing

Data quality and availability on EU and global supply

Only extraction stage was assessed. Public data for extraction
was not available, trade data have been used instead. EU
supply has been based on aggregated trade codes split using
expert advice.

Global and EU supply data was available at the processing
stage only. Global production data is available from an older
public report. EU sourcing data is based on an aggregated trade
code and expert advice.

Data was available for both stages.

Data was available for both stages. For the extraction, only
global supply has been considered, as EU supply data is not
available due to an aggregated trade code.

Global and EU supply data was available at the extraction stage
only.

Almost all platinum group metals derived from primary source
materials (i.e. mine production) are traded in the form of
refined metal produced from integrated mining/metallurgical
operations. There is only very limited international trade of ores
and concentrates, therefore the processing stage was
considered for the criticality assessment.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the processing
stage only.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the processing
stage only. However, only global supply was considered, while
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Rationale for stages assessed

Additional information

EU is 100% import dependent.

Neon is produced from air.

EU is 100% import dependent.

EU is highly dependent on imports.

To highlight the difference between an extracted
product and a refined product, both phosphate rock
and phosphorus (P4 as one of many products) are
assessed.



Material

Roundwood

Sapele wood

Scandium

Selenium

Silica

Silicon metal

Silver

Strontium

Sulphur

Talc

Tantalum

Tellurium

Stage
used in
SR

Stages
assessed

E Extraction

E Extraction

P Processing

P Processing
E Extraction
P Processing

E Extraction

E Extraction

P Processing

E Extraction

E Extraction

P Processing

Data quality and availability on EU and global supply

the trade data were of no acceptable reliability.

Global and EU supply data was available at the extraction stage
only. Import reliance is 0, therefore only EU supply has been
considered.

Global and EU supply data was available at the extraction stage
only. Approach to calculate the production has been changed
from surface based assumptions to trade data, in absence of
production data.

Processing stage has been assessed. No official data is
available on global production of scandium, only expert
estimates have been used. EU sourcing supply risk
disregarded, as trade data is unreliable.

Global and EU supply data was available at the processing
stage only.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the processing
stage only.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the extraction stage
only. Import reliance is 0, therefore only EU supply has been
considered.

Global and EU supply data was available at the processing
stage only. Import reliance is 0, therefore only EU supply has
been considered.

Global and EU supply data was available at the extraction stage
only.

Global and EU supply data was available at the extraction stage
only. Trade data has been adapted according to the expert
advice.

Global and EU supply data was available at the processing
stage only. Import reliance is 0, therefore only EU supply has
been considered.

59

Rationale for stages assessed

Additional information

EU is self-sufficient.

EU is 100% import dependent.

Scandium is a by-product, mainly of aluminium.

Selenium is a by-product, mainly of copper.

EU is self-sufficient.

EU is self-sufficient.

EU is self-sufficient.

EU is highly dependent on imports.

Tellurium is a by-product, mainly of copper. EU is
self-sufficient.



Material

Tin

Titanium

Titanium
metal

Tungsten

Vanadium

Xenon

Zinc

Zirconium

Stages
assessed

E+P
E+P

E+P
E+P

E+P

E+P

Stage
used in
SR

Processing
Extraction

Processing

Processing

Extraction

Processing

Extraction

Extraction

Data quality and availability on EU and global supply

Data was available for both stages.
Data was available for both stages.

Data was available for both stages.

Data was available for both stages.

Data was available for both stages. For the extraction, only
global supply has been considered, as EU supply data is not
available due to an aggregated trade code.

Global and EU supply data was available at the processing
stage only. Global production data is available from an older
public report. EU sourcing data is based on an aggregated trade
code and expert advice.

Global and EU supply data was available for both stages. For
the processing stage, Import reliance is 0, therefore only EU
supply has been considered.

Global and EU supply data was available at the extraction stage
only.
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Rationale for stages assessed

Additional information

EU is 100% import dependent.

Xenon is produced from air.

EU is 100% import dependent.



Annex 4. Comparison of 2023 results and previous assessments

Table 15: Comparison of 2023 results and previous assessments32

Criticality studies| 2011 | 2014 | 2017 | 2020 | 2023 |
Material | SR* | El | SR* _El _SR__El | SR__El SR |_El |
- - - 0.2 23 0.2 2.7 0.2 3.2

Aggregates -

Aluminium 0.2 8.9 0.4 7.6 0.5 6.5 0.6 5.4 1.1 5.5
Antimony 2.6 5.8 2.5 7.1 4.3 4.3 2.0 4.8 1.8 5.4
Arsenic - - - - - - 1.2 2.6 1.9 2.9
Baryte 1.7 3.7 1.7 2.8 1.6 2.9 13 3.3 13 3.5
Bauxite® 0.3 9.5 0.6 8.6 2 2.6 2.1 2.9 - -
Bentonite 0.3 5.5 0.4 4.6 0.2 2.1 0.5 2.8 0.4 3.1
Beryllium 13 6.2 1.5 6.7 2.4 3.9 2.3 4.2 1.8 5.4
Bismuth - - - - 3.8 3.6 2.2 4.0 1.9 5.7
Boron 0.6 5 1 5.7 3 3.1 3.2 3.5 3.6 3.9
Cadmium - - - - - - 0.3 4.2 0.2 4.1
Chromium 0.8 9.9 1 8.9 0.9 6.8 0.9 7.3 0.7 7.2
Cobalt 1.1 7.2 1.6 6.7 1.6 5.7 2.5 5.9 2.8 6.8
Coking coal - - 1.2 9 1 2.3 1.2 3.0 1.0 3.1
Copper 0.2 5.7 0.2 5.8 0.2 4.7 0.3 5.3 0.1 4.0
Diatomite 0.3 3.7 0.2 3 0.3 3.8 0.5 2.2 0.3 2.3
Feldspar 0.2 5.2 0.4 4.8 0.6 2.4 0.8 2.8 1.5 3.2
Fluorspar 1.6 7.5 1.7 7.2 13 4.2 1.2 3.3 1.1 3.8
Gallium 2.5 6.5 1.8 6.3 1.4 3.2 13 3.5 3.9 3.7
Germanium 2.7 6.3 1.9 5.5 1.9 3.5 3.9 3.5 1.8 3.6
Gold - - 0.2 3.8 0.2 2 0.2 2.1 0.4 2.4
Gypsum 0.4 5 0.5 5.5 0.5 2.2 0.5 2.6 0.6 2.7
Hafnium - - 04 7.8 13 4.2 1.1 3.9 1.5 4.3
Helium - - - - 1.6 2.8 1.2 2.6 1.2 2.9
HREEs 4.9 5.8 4.7 5.4 4.9 3.7 5.6 3.9 5.1 4.2
Hydrogen - - - - - - 0.4 3.8 0.5 2.9
Indium 2 6.7 1.8 5.6 2.4 3.1 1.8 3.3 0.6 2.6
Iron ore 04 8.1 0.5 7.4 0.8 6.2 0.5 6.8 0.5 7.2
Kaolin clay 0.3 4.4 0.3 4.8 0.5 2.3 0.4 2.4 0.8 2.8
Krypton - - - - - - - - 0.7 3.3
Lead - - - - 0.1 3.7 0.1 4.0 0.1 4.2
Limestone 0.7 6 04 5.8 0.1 2.5 0.2 3.5 0.3 3.6
Lithium 0.7 5.6 0.6 5.5 1 2.4 1.6 3.1 1.9 3.9
LREEs 4.9 5.8 3.1 5.2 5 3.6 6.0 4.3 3.7 5.9
Magnesite 0.9 8.9 2.2 8.3 0.7 3.7 0.6 3.2 0.6 3.6
Magnesium 2.6 6.5 2.5 5.5 4 7.1 3.9 6.6 4.1 7.4

38 The 2011 assessment used the following material groups: PGMs - palladium, platinum, iridium, rhodium, ruthenium
and osmium. - REEs - yttrium, scandium, lanthanum, cerium, praseodymium, neodymium, promethium, samarium,
europium, gadolinium, terbium, dysprosium, holmium, erbium, thulium, ytterbium and lutetium. Heavy Rare Earth
Elements, Light Rare Earth Elements and Scandium were considered together as Rare Earth Elements. The 2014
assessment used the following material groups: PGMs - palladium, platinum, rhodium, ruthenium, iridium and
osmium. - LREEs - lanthanum, cerium, praseodymium, neodymium, and samarium. - HREEs - dysprosium, erbium,
europium, gadolinium, holmium, lutetium, terbium, thulium, ytterbium, yttrium.

39 Bauxite has been merged with aluminium as its ore, titanium has been split to titanium and titanium metal in 2023.
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Manganese 0.5 9.8 0.4 7.8 0.9 6.1 0.9 6.7 1.2 6.9

Molybdenum 0.5 8.9 0.9 5.9 0.9 5.2 0.9 6.2 0.8 6.7
Natural cork - - - - 1.1 1.5 1.0 1.6 0.9 1.7
Natural graphite | 1.3 8.7 2.2 7.4 2.9 2.9 2.3 3.2 1.8 3.4
Natural Rubber - - 0.9 7.7 1 54 1.0 7.1 0.9 6.0
\',\'vzt;‘(;a' Teak - - . - 09 2 19 20 17 24
Neon - - - - - - - - 0.7 3.1
Nickel 0.3 9.5 0.2 8.8 0.3 4.8 0.5 4.9 0.5 5.7
Niobium 2.8 9 2.5 5.9 3.1 4.8 3.9 6.0 4.4 6.5
Perlite 0.3 4.2 0.3 4.6 0.4 2.1 0.4 2.3 0.8 2.5
PGMs 3.6 6.7 1.2 6.6 2.5 5 2.4 5.7 2.7 7.1
Phosphate rock - - 1.1 5.8 1 5.1 1.1 5.6 1.0 6.4
Phosphorus - - - - 4.1 4.4 3.5 5.3 3.3 4.7
Potash - - 0.2 8.6 0.6 4.8 0.8 5.4 0.7 6.2
Rhenium 0.8 7.7 0.9 4.5 1 2 0.5 2.0 0.5 2.3
Roundwood - - - - - - - - 0.1 1.2
Sapele wood - - - - 1.4 1.3 2.3 1.4 1.3 1.6
Scandium 4.9 5.8 1.1 3.8 2.9 3.7 3.1 4.4 2.4 3.7
Selenium - - 0.2 6.9 0.4 4.5 0.4 49 0.3 4.8
Silica sand 0.2 5.8 0.3 5.8 0.3 2.6 0.4 2.9 0.3 3.1
Silicon metal - - 1.6 7.1 1 3.8 1.2 4.2 1.4 4.9
Silver 0.3 5.1 0.7 4.8 0.5 3.8 0.7 4.1 0.8 4.6
Strontium - - - - - - 2.6 3.5 2.6 6.5
Sulphur - - - - 0.6 4.6 0.3 4.1 0.3 5.0
Talc 0.3 4 0.3 5.1 0.4 3 0.4 4.0 0.2 33
Tantalum 1.1 7.4 0.6 7.4 1 3.9 14 4.0 13 4.8
Tellurium 0.6 7.9 0.2 6 0.7 3.4 0.5 3.6 0.3 3.8
Tin - - 0.9 6.7 0.8 4.4 0.9 4.2 0.9 4.5
Titanium? 0.1 5.4 0.1 5.5 0.3 4.3 1.3 4.7 0.5 5.4
Titanium metal?® - - - - - - - - 1.6 6.3
Tungsten 1.8 8.8 2 9.1 1.8 7.3 1.6 8.1 1.2 8.7
Vanadium 0.7 9.7 0.8 9.1 1.6 3.7 1.7 4.4 2.3 3.9
Xenon - - - - - - - - 0.8 3.1
Zinc 0.4 9.4 0.5 8.7 0.3 4.5 0.3 5.4 0.2 4.8
Zirconium - - - - - - 0.8 3.2 0.8 3.5
Legend

Exceeding thresholds

Below thresholds
PGMs Iridium, palladium, platinum, rhodium, ruthenium
LREEs Cerium, lanthanum, neodymium, praseodymium and samarium
HREES Dysprosium, erbium, europium, gadolinium, holmium, lutetium, terbium, thulium,

ytterbium, yttrium
- Not assessed
SR* In 2011 and 2014 assessments, the SR calculation was based on Global supply only
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Annex 5. Substitution indexes

The following table provides Substitution indexes (SI) used for calculating the Supply risk
(SR) and Economic importance (EI).

Material " |'SI (EI) | SI(SR) | Material | SI(ED) | SI(SR) |

Aggregates 1.00 1.00 Natural cork 0.91 0.91
Aluminium/bauxite 0.82 0.86 Natural graphite 0.97 0.98
Antimony 0.92 0.94 Natural Rubber 0.80 0.90
Arsenic 0.86 0.96 Natural Teak wood 0.96 0.96
Baryte 0.87 0.92 Neodymium 0.97 0.99
Bentonite 0.88 0.89 Neon 0.95 0.96
Beryllium 0.99 0.99 Nickel 0.88 0.92
Bismuth 0.95 0.92 Niobium 0.93 0.96
Boron 0.99 0.99 Palladium 0.92 0.99
Cadmium 0.92 0.90 Perlite 0.88 0.92
Cerium 0.93 0.97 Phosphate rock 0.96 0.99
Chromium 0.93 0.93 Phosphorus 0.95 0.98
Cobalt 0.97 0.98 Platinum 0.96 0.95
Coking coal 1.00 1.00 Potash 0.95 0.98
Copper 0.70 0.71 Praseodymium 0.96 0.98
Diatomite 0.91 0.90 Rhenium 0.98 0.99
Dysprosium 0.98 0.99 Rhodium 0.99 1.00
Erbium 1.00 1.00 Roundwood 0.79 0.82
Europium 1.00 1.00 Ruthenium 0.94 0.94
Feldspar 0.99 0.99 Samarium 0.98 0.98
Fluorspar 0.91 0.91 Sapele wood 0.96 0.97
Gadolinium 0.59 0.59 Scandium 0.86 0.87
Gallium 0.98 0.98 Selenium 0.90 0.94
Germanium 0.92 0.94 Silica sand 0.97 0.93
Gold 0.98 0.99 Silicon metal 0.99 0.99
Gypsum 0.86 0.95 Silver 0.97 0.99
Hafnium 0.91 0.96 Strontium 0.98 0.97
Helium 0.94 0.97 Sulphur 0.99 0.99
Holmium 1.00 1.00 Talc 0.71 0.71
Hydrogen 0.81 0.81 Tantalum 0.96 0.98
Indium 0.87 0.89 Tellurium 0.87 0.94
Iridium 0.94 0.97 Terbium 0.84 0.92
Iron ore 0.92 0.95 Thulium 1.00 1.00
Kaolin clay 0.92 0.95 Tin 0.90 0.92
Krypton 0.96 0.98 Titanium 0.92 0.95
Lanthanum 0.92 0.97 Titanium metal 1.00 1.00
Lead 0.94 0.99 Tungsten 0.95 0.96
Limestone 0.99 0.99 Vanadium 0.90 0.92
Lithium 0.91 0.94 Xenon 0.98 0.99
Lutetium 1.00 1.00 Ytterbium 1.00 1.00
Magnesite 0.98 0.99 Yttrium 0.90 0.90
Magnesium 0.94 0.94 Zinc 0.77 0.80
Manganese 1.00 1.00 Zirconium 0.96 0.97
Molybdenum 1.00 1.00
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Annex 6. Material uses shares, NACE2 sectors assignment and Value added (VA)

Material

Aggregates

Aluminium

Aluminium
Aluminium

Aluminium

Aluminium

Aluminium

Aluminium
Aluminium
Aluminium
Antimony
Antimony

Antimony

Antimony
Antimony

Arsenic

Arsenic
Arsenic

Arsenic
Arsenic

Barytes

Application

Construction and
infrastructures
Construction
Automotive industry

Transport equipment

Packaging

High tech engineering

Consumer durables

Refractories
Cement

Abrasives

Flame retardants
Lead-acid batteries
Lead alloys

Plastics (catalysts and
stabilisers)

Glass and ceramics
Zinc production
(Electrowinning of
zinc)

Glassmaking

Chemicals

Alloys
Electronics

Filler in rubbers,
plastics, paints &

paper

Share

100%

21%

19%

19%

15%

11%

5%

3%

3%

2%

43%

32%

14%

6%

5%

69%

18%

7%

5%
1%

70%

NACE sector

C23 - Manufacture of other non-
metallic mineral products

C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C29 - Manufacture of motor
vehicles, trailers and semi-trailers
C30 - Manufacture of other
transport equipment

C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C28 - Manufacture of machinery
and equipment n.e.c.

C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C23 - Manufacture of other non-
metallic mineral products

C23 - Manufacture of other non-
metallic mineral products

C23 - Manufacture of other non-
metallic mineral products

C20 - Manufacture of chemicals
and chemical products

C27 - Manufacture of electrical
equipment

C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C20 - Manufacture of chemicals
and chemical products

C23 - Manufacture of other non-
metallic mineral products

C24 - Manufacture of basic metals

C23 - Manufacture of other non-
metallic mineral products

C20 - Manufacture of chemicals
and chemical products

C24 - Manufacture of basic metals
C26 - Manufacture of computer,
electronic and optical products
C22 - Manufacture of rubber and
plastic products

64

VA in
million €
64,990

163,568

194,448

55,777

163,568

204,200

163,568

64,990

64,990

64,990

132,361

89,422

163,568

132,361

64,990

64,561

64,990

132,361

64,561
77,000

86,487



Material

Application

NACE sector

VA in
million €

Barytes

Barytes
Barytes
Beryllium
Beryllium
Beryllium

Beryllium
Beryllium

Beryllium
Beryllium

Beryllium
Bismuth

Bismuth
Bismuth

Borate
Borate
Borate
Borate

Borate

Borate
Borate
Borate
Cadmium

Cadmium
Cadmium

Weighting agent in oil
and gas well drilling
fluids

Chemical industry

Radioactive radiation
absorber

Industrial
Components
Aerospace and
Defence

Automotive

Other
Consumer Electronics

Telecommunication
Infrastructure
Energy

Semiconductor
Chemicals

Low-melting alloys

Metallurgical
additives
Glass

Frits and ceramics
Fertilizers

Chemical manufacture
Construction
materials (flame
retardants, plasters,
wood preservatives)
Metals

Magnets
Semiconductors

Batteries

Alloys
Coatings

20%

5%

5%

23%

17%

17%

14%
12%

11%

5%

1%
84%

9%
7%

55%

17%

15%

4%

4%

4%

0%

0%

91%

5%
3%

C23 - Manufacture of other non-
metallic mineral products

C20 - Manufacture of chemicals
and chemical products
C32 - Other manufacturing

C28 - Manufacture of machinery
and equipment n.e.c.

C30 - Manufacture of other
transport equipment

C29 - Manufacture of motor
vehicles, trailers and semi-trailers

C26 - Manufacture of computer,
electronic and optical products
C26 - Manufacture of computer,
electronic and optical products
C26 - Manufacture of computer,
electronic and optical products
C24 - Manufacture of basic metals
C20 - Manufacture of chemicals
and chemical products

C24 - Manufacture of basic metals

C24 - Manufacture of basic metals

C23 - Manufacture of other non-
metallic mineral products

C23 - Manufacture of other non-
metallic mineral products

C20 - Manufacture of chemicals
and chemical products

C20 - Manufacture of chemicals
and chemical products

C20 - Manufacture of chemicals
and chemical products

C24 - Manufacture of basic metals
C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C26 - Manufacture of computer,
electronic and optical products
C27 - Manufacture of electrical
equipment

C24 - Manufacture of basic metals
C25 - Manufacture of fabricated
metal products, except machinery
and equipment

65

64,990

132,361

45,912

204,200

55,777

194,448

0
77,000

77,000

77,000

64,561
132,361

64,561
64,561

64,990

64,990

132,361

132,361

132,361

64,561

163,568

77,000

89,422

64,561
163,568



Material

Application

NACE sector

VA in
million €

Cadmium
Cerium
Cerium
Cerium
Cerium
Cerium
Cerium
Chromium
Chromium
Chromium
Chromium
Chromium

Cobalt

Cobalt

Cobalt
Cobalt
Cobalt
Cobalt
Cobalt
Cobalt
Coking coal
Coking coal

Coking coal

Coking coal

Solar Application
Autocatalysts
Polishing powders
Glass & ceramics

Fluid cracking
catalysts
Batteries

Metal (excl. Batteries)
stainless steel

Products made of
alloy steel

Casting moulds
chromium chemicals

Refractory bricks and
mortars

Superalloys,
hardfacing/HSS and
other alloys

Hard materials
(carbides and
diamond tools)
Pigments and inks

Catalysts

Tyre adhesives and
paint dryers
Magnets

Other
Batteries

Iron and steel (coke in
blast furnace)

Iron and steel (other
uses)

Industrial energy use
(other than Iron and
steel)

Chemicals

1%

60%

20%

12%

4%

2%

2%

74%

19%

3%

3%

1%

36%

14%

13%

12%

11%

7%

6%

3%

89%

6%

3%

1%

C26 - Manufacture of computer,
electronic and optical products
C20 - Manufacture of chemicals
and chemical products

C23 - Manufacture of other non-
metallic mineral products

C23 - Manufacture of other non-
metallic mineral products

C19 - Manufacture of coke and
refined petroleum products

C27 - Manufacture of electrical
equipment

C24 - Manufacture of basic metals
C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C24 - Manufacture of basic metals
C20 - Manufacture of chemicals
and chemical products

C23 - Manufacture of other non-
metallic mineral products

C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C25 - Manufacture of fabricated
metal products, except machinery
and equipment

C20 - Manufacture of chemicals
and chemical products

C20 - Manufacture of chemicals
and chemical products

C20 - Manufacture of chemicals
and chemical products

C25 - Manufacture of fabricated
me