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1 Kritikalitatsanalyse

1.1 Zielsetzung

Im Rahmen des Projekts erfolgt die Bewertung der Kritikalitat ausgewahlter Rohstoffe
mittels einer ,,Schnellanalyse“. Die urspriinglich geplante Detailanalyse wurde auf-
grund der noch frithen Entwicklungsstadien der erforschten elektrochemischen Ver-
fahren verworfen. In einigen Technologien sind die Rohstoffzusammensetzungen
noch variabel bzw. konnen sich mit der Zellentwicklung noch verandern. Dariiber hin-
aus sind die genauen Bedarfsmengen der Rohstoffzusammensetzungen im aktuellen
Entwicklungszustand nicht addaquat abschatzbar, sodass aktuell eine Detailanalyse
nicht durchfiihrbar ist bzw. zu keinen wirklichen belastbaren Ergebnissen fiihren wiir-
den.

Innerhalb verschiedener Abstimmungsgespriache mit den technischen Entwickler*in-
nen sowie der Projektleitung wurden folgende Technologien fiir die Schnellanalyse
festgelegt:

m Power-to-CO (NT-CO.-Elektrolyse)

m Power-to-CO (HT-CO.-Elektrolyse iiber SOEC, solid oxide electrolysis cell)
m Power-to-Formates (CO. zu Ameisensaure)

m Power-to-Metals

Nicht in der Kritikalitatsanalyse beriicksichtigt wurden aufgrund des geringen Ent-
wicklungsstandes

B Power-to-Ammonia: NT- und HT-Ammoniaksynthese sowie
m Power-to-MeOH: NT- und HT-Methanolsynthese

1.2 Datenerhebung

Fiir die Kritikalitdtsbewertung konnte nicht im urspriinglich vorgesehenen Umfang
auf Inventardaten von Okobilanzen zuriickgriffen werden, da aufgrund des sehr frii-
hen Entwicklungsstandes der im Projekt bearbeiteten Verfahren keine entsprechen-
den Daten verfiigbar waren und insbesondere keine Abschatzung der Einsatzmengen
potenziell kritischer Rohstoffe vorgenommen werden konnten.

Ausgangspunkt fiir die Kritikalitdtsanalyse war daher ein gemeinsamer Workshop mit
den technischen Entwicklern im August 2023. In diesem Workshop wurde das ge-
plante Konzept der Kritikalititsbewertung vorgestellt. Fiir die oben dargestellten
Technologien wurde in dem Workshop eine Abfrage durchgefiihrt, welche potenziell
kritischen Rohstoffe eingesetzt werden oder eingesetzt werden sollen. Die Stoffe konn-
ten im Workshop benannt oder durch eine spatere Riickmeldung mitgeteilt werden.
Nachtraglich gemeldet wurden Materialien aus dem Bereich der SOEC.

Fiir die Kritikalitatsanalyse wurde die zundchst angedachte Schnellanalyse zu Steck-
briefen der einzelnen Rohstoffe weiterentwickelt. Da erhebliche Teile des Projektkon-
sortiums in Englisch arbeiten, wurden die Steckbriefe auf Englisch iibersetzt. Die Nut-
zung der Steckbriefe ist allerdings nicht auf einzelne Technologien beschriankt, auch
wenn die Auswahl der Rohstoffe auf der Grundlage einer Auswahl von Technologien
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erfolgte. Eine Nutzung fiir andere Anwendungen, auch fiir die urspriinglich nicht be-
riicksichtigten Technologien, ist moglich. Ggf. werden jedoch nicht alle in Frage kom-
menden Stoffe betrachtet.

1.3 Bestimmung des Versorgungsrisikos

Auf der Grundlage der genannten Rohstoffe wurden die Analysen durchgefiihrt und
fiir die genannten Rohstoffe Steckbriefe erstellt. Beriicksichtigt wurden

B Bismut
Kobalt
Iridium
Mangan
Nickel
Seltene Erden
Silizium
Yttrium

Zinn

Zirkonium

Als Basis fiir die Bewertung wurde die VDI-Richtlinie VDI 4800 Blatt 2 (Kapitel 6)
[VDI 2018] verwendet. Diese gibt eine Bewertungsmethodik vor, die zwei Bereiche
umfasst:

B Analyse des Versorgungsrisikos, basierend auf geologischen, technischen,
geopolitischen und 6konomischen Kriterien

B Analyse der Vulnerabilitit (eines Landes oder eines Unternehmens), basierend
auf der Hohe des Engagements und auf strategischen und operativen Anpassungs-
moglichkeiten

Fiir jeden Bewertungsindikator wird einer der Werte 0, 0,3, 0,7 oder 1 vergeben
(dabei bedeutet 1 eine sehr hohe Kritikalitédt). AnschlieBend wird das Ergebnis tiber
alle Indikatoren, basierend auf der in der VDI-Richtlinie vorgegebenen Methode der
degressiven Addition zur Basis 3 berechnet. Dieser Wert ergibt das Versorgungs-
risiko bzw. die Vulnerabilitat, ebenfalls in einem Bereich von 0 bis 1 dargestellt.

Fiir die nachfolgende Analyse der Kritikalitdt wurde nur die Dimension Versorgungs-
ristko betrachtet. Die Dimension Vulnerabilitit konnte nicht betrachtet werden, da
dies eine unternehmensspezifische Betrachtung ist, die bei in Entwicklung befindli-
chen Verfahren ohne Kenntnis der moglichen zukiinftigen Unternehmen, welche die
Technologien anwenden, nicht bewertbar ist.

iNEW2.0 — Teilbericht 3 von AP 9.2 Wuppertal Institut | 7
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Die Bewertung des Versorgungsrisikos erfolgt auf der Grundlage von drei Kategorien
mit 13 Kriterien:

B Geologische, technische und strukturelle Kriterien
statische Reichweite (Verhaltnis von Reserven zu globaler Jahresproduktion)
Grad der Koppelproduktion/Nebenproduktion
Recycling (Verbreitungsgrad funktionaler End-of-Life-Recyclingtechnologien)
logistische Beschrankungen (Wirtschaftlichkeit von Lagerung und Transport)

Beschrankungen durch Naturereignisse (Verbreitungsgrad natiirlicher Vor-
kommen/Anbaugebiete)

B Geopolitische und regulatorische Kriterien

Landerkonzentration der Reserven (Herfindahl-Hirschman-Index der Reser-
ven)

Landerkonzentration der Produktion (Herfindahl-Hirschman-Index der Lan-
derproduktion)

geopolitische Risiken der Weltproduktion (politisches Landerrisiko)
regulatorische Situation fiir Rohstoffprojekte (regulatorisches Landerrisiko)
m Okonomische Kriterien

Unternehmenskonzentration der globalen Produktion (Herfindahl-Hirschman-
Index der Unternehmen)

globaler Nachfrageimpuls (Grad der Nachfragesteigerung)

Substituierbarkeit (technische Machbarkeit und Wirtschaftlichkeit von Substi-
tutionen in Hauptanwendungen)

Rohstoffpreisschwankungen (annualisierte Preisvolatilitit)

Einige Kriterien sind anwendungsspezifisch, zahlreiche Kriterien konnen allgemein
(bezogen auf eine Region) angegeben werden.

Die Kriterien konnen i. d. R. nicht allgemein bzw. global erhoben werden, da sie starke
regionale Aspekte enthalten. Eine Anpassung auf die Region, fiir die sie erhoben wer-
den, ist notwendig. Zusitzlich ergibt sich fiir einige Kriterien auch die Notwendigkeit
einer weiteren Anpassung, insbesondere an die jeweilige technische Anwendung, z. B.
hinsichtlich der Substituierbarkeit.

Soweit moglich, sollen die konkreten Indikatorwerte berechnet werden. Ist dies nicht
moglich, soll auf Standardwerte zuriickgegriffen werden. Ist auch das nicht moglich,
konnen Schatzungen vorgenommen werden. Im Rahmen dieser Untersuchung wur-
den alle drei Vorgehensweisen, jeweils abhingig vom Kriterium, genutzt. Tab. 1-1
zeigt, welches Vorgehen bei welchem Kriterium angewandt wurde.

Tab. 1-1: Ubersicht: Kriterien und Vorgehen bei der Bewertung
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Kriterium Vorgehen

statische Reichweite Berechnung
Koppelproduktion/Nebenproduktion Abschéatzung
Recycling Abschatzung
logistische Beschrankungen Abschatzung
Beschrankungen durch Naturereignisse Standardwert
Landerkonzentration der Reserven Berechnung
Landerkonzentration der Produktion Berechnung
geopolitische Risiken der Weltproduktion Berechnung
regulatorische Situation fiir Rohstoffprojekte Berechnung
Unternehmenskonzentration der globalen Produktion Berechnung
globaler Nachfrageimpuls Berechnung
Substituierbarkeit Abschéatzung
Rohstoffpreisschwankungen Berechnung

Erginzend zur Einschitzung des Versorgungsrisikos wurde abgeschétzt, ob die Ziele
des Critical Raw Materials Act (CRMA) der Europaischen Union [EU 2023] fiir die
einzelnen Rohstoffe erreichbar erscheinen und damit das Versorgungsrisiko verrin-
gert werden konnte. Berticksichtigt werden hierbei vier Aspekte:

B > 10 % des Jahresverbrauchs der EU sollen durch heimische Férderkapazititen
gedeckt werden;

B > 40% des EU-Jahresverbrauchs sollen durch inldndische Verarbeitungskapaziti-
ten gedeckt werden;

B > 15 % des Jahresverbrauchs der EU sollen durch inldndische Recyclingkapazita-
ten gedeckt werden;

B < 65 % des Jahresverbrauchs der EU an jedem strategischen Rohstoff auf jeder
relevanten Verarbeitungsstufe sollen aus einem einzigen Drittland stammen.

Fiir die vier Kriterien erfolgte eine Abschéatzung auf der Grundlage der zuvor erhobe-
nen Daten und eigener Experteneinschatzung.

1.4 Ergebnisse

Als zentrales Ergebnis kann festgehalten werden: Fiir alle betrachteten Rohstoffe mit
Ausnahme von Kobalt wurde das Versorgungsrisiko als hoch eingeschitzt. Fiir Kobalt
wurde die Kritikalitat als sehr hoch eingeschitzt (siehe Tab. 1-2).

Bei der Durchfiihrung der Analysen zeigte sich, dass die Qualitdt der Datenbasis fiir
die unterschiedlichen Rohstoffe sehr unterschiedlich ist. Fiir einige Rohstoffe konnten
alle Kriterien, fiir andere dagegen nur 7 von 13 Kriterien bestimmt werden (vgl. Tab.
1-2). Dies traf die Kriterien unterschiedlich haufig.

iNEW2.0 — Teilbericht 3 von AP 9.2 Wuppertal Institut | 9
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Die folgende Auflistung stellt dar, bei welchen Kriterien die Bestimmung nicht
moglich war:

m Statische Reichweite: Bismut, Iridium, Silizium, Zinn und Zirkonium
m Koppelproduktion bzw. Nebenproduktion: Seltene Erden und Silizium

m Linder-Konzentration der Reserven: Bismut, Iridium, Zinn, Yttrium und Zirko-
nium

m Geopolitische Risiken der Weltproduktion: Yttrium
m Regulatorische Situation fiir Rohstoffprojekte: Yttrium

m Unternehmenskonzentration der globalen Produktion: Iridium, Silizium, Yttrium
und Zirkonium

m Globaler Nachfrageimpuls: Iridium, Seltene Erden und Yttrium
m Substituierbarkeit: Iridium und Seltene Erden
m Rohstoffpreisschwankungen: Iridium und Seltene Erden

Fiir die betrachteten Rohstoffe war die Spannweite der Ergebnisse relativ gering (vgl.
Tab. 1-2). Das liegt einerseits daran, dass insgesamt nur bereits potenziell kritische
Rohstoffe betrachtet wurden. Es zeigte sich jedoch anderseits auch, dass die Berech-
nungsvorschriften niedrige Werte fiir das Versorgungsrisiko kaum zulassen. Die Her-
leitung der Ergebnisse kann den jeweiligen Steckbriefen im Anhang entnommen
werden.

Tab. 1-2: Versorgungsrisiko der betrachteten Rohstoffe

Rohstoff Versorgungsrisiko  Beriicksichtigte Kriterien
Bismut 0,85 1
Kobalt 0,9 13
Iridium 0,72 7
Mangan 0,84 13
Nickel 0,83 13
Seltene Erden 0,82 8
Silizium 0,81 10
Zinn 0,77 11
Yttrium 0,83 7
Zirkonium 0,79 9
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3 Anhang: Steckbriefe mit den Ergebnissen der betrachteten
Rohstoffe

Die Steckbriefe sind nach folgendem Muster aufgebaut:
B General Information

B Application of VDI Standard 4800 Part 2

m Critical Raw Materials Act Applicability

B Sources

Betrachtete Rohstoffe
Bismut

Kobalt

Iridium

Mangan

Nickel

Seltene Erden
Silizium

Yttrium

Zinn

Zirkonium
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Static range:

Co-product/by-product
dependency
(companionality):

Recycling:

Supply Risk: Bismuth

Saskia Heinemann, Michael Ritthoff 02/2024

General Information

Bismuth is one of the first ten metals to be discovered and has
been known since ancient times. It is mainly used in chemicals
(64%) and bismuth alloys (11%), but also as a metallurgical
additive and in industrial catalysts [1,2]. It serves increasingly
as a non-toxic substitute for lead in various applications.

25.000

20.000
15.000

10.000

metric tons

5.000

0
1990 1995 2000 2005 2010 2015 2020
Year

M Belgium M China Japan M Korea, Republic of

M Laos M Mexico Peru Other countries

Figure 1: Bismuth world refinery production, by country or locality (source:
U.S. Geological Survey[3,4])

Application of VDI Standard 4800 Part 2

n/a

Bismuth is usually obtained as a by-product in the processing
of lead, tungsten or other ores [5].

Recycling of bismuth is not very well established so far.

In dissipative applications such as pigments or
pharmaceuticals, bismuth cannot be recycled economically.
When used as a metallurgical addition to steel or as a part of
catalysts, the recycling rate is also estimated to be negligibly
low. In new and old scrap, however, bismuth can be recycled
quite well [2].

Recycled bismuth-containing alloy scrap composed 4-8% of
U.S. bismuth apparent consumption for the years 2018-22
[5].

In 2011, the end-of-life recycling rate, which is the quotient of
the amount of waste collected for recycling and the total
amount of waste materials generated, was less than 1% [6].



Logistic constraints:

Constraints due to
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Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for bismuth.

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as bismuth.

n/a

The Herfindahl-Hirschman-Index (HHI), which is a metric for
the absolute concentration, is 0,65 on a scale from 0 to 1. It is
calculated as the sum of the squared market shares of all
market participants. The higher the HHI, the more
concentrated the production. This leads to an increased risk
regarding the supply chain. The country concentration of
bismuth production is high.

80% of bismuth refinery production is located in China [5].

The geopolitical risk of global production is high. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is
moderate. The assessment is based on the regulatory
country risk of the producing countries, which is calculated
using four of the World Governance Indicators (rule of law,
regulatory quality, control of corruption and government
effectiveness in producing countries).

The company concentration of global production is very high.

The Herfindahl-Hirschman-Index is 0,94 on a scale of 0 to 1

2].

The global demand impetus refers to the relation of demand
growth to global economic growth.

The demand for bismuth grows in parallel with global
economic growth.

Bismuth can be substituted in most of its applications.
In pharmaceuticals, it has already lost a lot of relevance and
is mostly being substituted by other substances.

Wuppertal
Institut



Raw material price
fluctuations:
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In pigments, bismuth can also be substituted, e.g., by lead.
However, the substitutes in pigments are usually toxic or
expensive and often not allowed.

In low melting alloys, bismuth can be substituted by indium,
but this is way more expensive. Another alternative would be
lead, which is mostly forbidden by now. To improve the
processing of steel or aluminium alloys, lead, selenium or
tellurium can be used. In catalysts, bismuth might be able to
be substituted by tin.

Even though bismuth can theoretically be substituted in
almost all its applications, doing so can lead to losses of
quality and might not be economically feasible [2].

The price volatility of bismuth in the time span from 01/23-
12/23 is 16.0% [7]. This is classified as high. In figure 2
below, the long-term price development from 1990-2019 can
be seen.
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Figure 2: Bismuth: Price Development from 1990-2019 (source: U.S.
Geological Survey [8])

In figure 3, the short-term price development from December
2021 to December 2023 is displayed.
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Figure 3: Price Development of Bismuth from 12/2021-12/2023 (taken from
Deutsche Rohstoffagentur: Preismonitor Dezember 2023 [9])



Additional Information:

Criticality assessment

according to VDI
calculations:

Rating:

> 10% of the EU’s
annual consumption
covered by domestic
extraction capacity:

> 40% of the EU’s

annual consumption
covered by domestic
processing capacity:

> 15% of the EU’s
annual consumption
covered by domestic
recycling capacity:
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The demand for bismuth has been increasing because it is
being used as a non-toxic substitute for lead. This is partly
due to the ban of lead for soldering (RoHS (Restriction of
Hazardous Substances) Directive of the EU).

The criticality assessment according to our VDI calculations is
0,85 on a scale from 0 to 1. This indicates a high criticality
of bismuth.

Criteria

Static range n/a
Co-product/by-product dependency 0,7
Recycling 0,7
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves n/a

Country concentration of refinery production

Geopolitical risks of global production

Company concentration of global production

0,7
Regulatory situation for raw material projects 0,3

Global demand impetus 0,3
Substitutability 0,7
Raw material price fluctuations 0,7
Supply risk rating according to VDI 4800 application 0,85

Critical Raw Materials Act applicability

Since bismuth is mainly a by-product of lead ore processing,
the relevant extraction sides would be lead mines. As of now,
only a very small amount of lead is extracted in the EU (in
Sweden and Poland). There are also identified lead
resources in Ireland [5].

As of now, the EU obtains 29% of its bismuth from domestic
production. The main producing country in the EU is Belgium
[10].

As described above, the usage of bismuth in dissipative
applications hinders recycling and will make it very hard, if not
downright impossible, to achieve high recycling rates [2,5,6].



< 65% of the EU’s
annual consumption of
each strategic raw
material at any relevant
stage of processing to
originate from a single
third country:
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At the moment, the biggest supplier of bismuth for the EU is
China. It supplies 50% of the EU’s bismuth [10]. Since 50% is
already below the threshold of 65%, this target has been
achieved for now.
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General Information

Institut Cobalt is a heavy metal which is mainly being used in
rechargeable battery electrodes and superalloys. Glass and
ceramics have been coloured by cobalt-based blue pigments
since ancient times. A large part of the global cobalt production
takes place in the Congo, where 17-40% is supplied by
artisanal mining. In those artisanal mines, a lack of safety
measures, pollution of the environment and the prevalence of
child labour have triggered a lot of criticism and initiatives to
improve the situation [1].
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Figure 1: Cobalt world mine production, by country or locality (data source:
U.S. Geological Survey [2, 3]).

Application of VDI Standard 4800 Part 2

Static range: The static range of cobalt is 53 years. It is the ratio of
reserves to global annual production. The static range is to be
understood as a measure of the necessity to expand supply
through new explorations or secondary raw materials.

Co-product/by-product Cobalt is mainly produced as a by-product of copper or

dependency nickel. As of 2020, 55% of cobalt was produced as a by-

(companionality): product in copper mines, 29% as a by-product in nickel
mines, 2% in PGM metal mines and only 14% of cobalt was
produced in cobalt-specific mining [4].
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Cobalt recycling is established. However, it is usually
connected to other services such as packaging and
distribution of secondary products, further processing or
disposal because recycling alone is not economically viable.
Due to the long service life of products containing cobalt,
such as batteries in electronic devices and electric cars, the
increasing demand for cobalt will have to be met by
expanding primary production in the next few years. Over
time, integrated recycling systems will play an important role
in decreasing prices and securing supply of cobalt. In the
years 2017-2019, the contribution of recycling to the total
supply of cobalt was about 10% [5].

Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for cobalt.

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as cobalt.

The Herfindahl-Hirschman-Index (HHI), which is a metric for
the absolute concentration, is 0,34 on a scale from 0 to 1. It is
calculated as the sum of the squared market shares of all
market participants. The higher the HHI, the more
concentrated the reserves. This leads to an increased risk
regarding the supply chain. The country concentration of
cobalt reserves is high.

The country concentration of cobalt mine production is high.
The Herfindahl-Hirschman-Index is 0,48 on a scale from 0 to
1. 68% of cobalt production is located in the Congo.

The geopolitical risk of global production is high. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is highly
critical. The assessment is based on the regulatory country
risk of the producing countries, which is calculated using four
of the World Governance Indicators (rule of law, regulatory
quality, control of corruption and government effectiveness in
producing countries).
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The company concentration of global production is low. The
Herfindahl-Hirschman-Index is 0,09 on a scale of 0 to 1 [6].

The global demand impetus refers to the relation of demand
growth to global economic growth.

The demand for cobalt grows disproportionally relative to
global economic growth.

As of 2017, 46% of globally produced cobalt is used for
batteries. The cobalt content in lithium-ion batteries has been
reduced and there is a lot of research concerning the
development of cobalt-free batteries, especially for electric
cars or stationary appliances. In the lithium-ion batteries of
portable devices such as smartphones or tablets, cobalt is
indispensable as of now [6].

Superalloys are another important application, which
accounted for 16,5% of cobalt use in 2017. Possible
substitutes could be neodymiume-iron-boron or nickel-iron
alloys.

Concerning other uses of cobalt, copper, iron and nickel play
a vital role when trying to find a substitute. It is, however,
important to mention that in general, substitution for cobalt
will often lead to price increases or a loss of quality [7].

The price volatility of cobalt in the time span from 01/23-12/23
was 31.8% [8]. This is classified as high. In figure 2 below,
the long-term price development from 1990-2019 can be
seen.
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Figure 2: Cobalt: Price Development from 1990-2019 (source: U.S.
Geological Survey [9].

In figure 3, the short-term price development from December
2021 to December 2023 is displayed.
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Figure 3: Price Development of cobalt from 12/2021-12/2023 (taken from

DERA Preismonitor Dezember 2023 [10]).

The criticality assessment according to our VDI calculations is

0,9 on a scale from 0 to 1. This indicates a very high
criticality of cobalt.

Criteria

Static range

0,3

Co-product/by-product dependency

0,7

Recycling

0,7

Logistic constraints

0

Constraints due to natural disasters

0

Country concentration of reserves

Country concentration of production

Geopolitical risks of global production

0.7

Regulatory situation for raw material projects

0.7

Company concentration of global production

0,3

Global demand impetus

0.7

Substitutability

0.7

Raw material price fluctuations

Supply risk rating according to VDI 4800 application

0,9

Critical Raw Materials Act applicability

In the EU, only a very small amount of cobalt is being
extracted right now. There are mining projects in Finland,
Sweden and Greece. However, there are barriers to
increasing cobalt mining, such as unattractive economic
conditions in Europe, lack of public support and lengthy
permitting procedures. Even in a favourable scenario, the



> 40% of the EU’s

annual consumption
covered by domestic
processing capacity:

> 15% of the EU’s
annual consumption
covered by domestic
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< 65% of the EU’s
annual consumption of
each strategic raw
material at any relevant
stage of processing to
originate from a single
third country:

SN/@AW’

EU’s mining contribution to cobalt would only amount to 3.1%
of the EU demand in 2035 [11].

As of now, the EU accounts for 21% of the global processed
cobalt supply. It sources 62% of its processed cobalt
consumption from Finland and 29% from Belgium [12].

As mentioned above, due to the long service life of products
containing cobalt, the increasing demand for it will mainly
have to be met by expanding primary production in the next
few years [5].

In the processing stage, the EU has a very low import
reliance, because there are numeral processing facilities in
Finland. Regarding the extraction stage, the EU currently has
an import reliance of 81% [12]. It imports most of its cobalt
ore from the Congo and that is unlikely to change in the near
future [13].
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General Information

Institut Iridium is one of the rarest elements. The mass fraction in the
earth's crust is 107%. It is only used for a small number of
applications. A traditional use is in fountain pen tips, relevant
amounts are used in platinum alloys. Iridium is increasingly used
as a catalyst and especially in electrolysers. The primary
production volume is extremely low. For 2020, the annual
pr30duction was estimated to be only 9 t (this corresponds to 0.4
m>).

However, hardly any statistical data is available. Most of the
information relates to Platinum Group Metals (PGMs) as a
whole.
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Figure 1: Iridium: World mine production, by country or locality (source: U.S.
Geological Survey[1])

Application of VDI Standard 4800 Part 2

Static range: n/a

Co-product/by- Iridium is mostly a by-product of platinum mining.
product dependency
(companionality):

Recycling: Recycling of iridium is possible and established. There isn’t
any recent quantitative data available. However, the end-of-
life recycling rate was estimated to be around 25-50% in 2011

2].

Logistic constraints: Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for iridium.
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Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as iridium.

n/a

The country concentration of iridium is very high.
Approximately 80% of primary iridium is produced as a by-
product of platinum mining in South Africa.

The geopolitical risk of global production is high. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is highly
critical. The assessment is based on the regulatory country
risk of the producing countries, which is calculated using four
of the World Governance Indicators (rule of law, regulatory
quality, control of corruption and government effectiveness in
producing countries).

n/a

n/a

The substitutability of iridium highly depends on the
application, but is in general limited.

The price volatility cannot be determined, but from 2021
onwards, there were strong price increases. In figure 2, the
price development from August 2013 to August 2023 is
displayed.
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Figure 2: Price Development of Iridium from 08/2013-08/2023 (source:
Umicore (https://pmm.umicore.com/de/preise/iridium/)).

The criticality assessment according to our VDI calculations is
0,72 on a scale from 0 to 1. This indicates a high criticality
of iridium.

Criteria

Static range n/a
Co-product/by-product dependency 0,7
Recycling 0,3
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves n/a
Country concentration of production 0,7
Geopolitical risks of global production 0,7
Regulatory situation for raw material projects 0,7
Company concentration of global production n/a
Global demand impetus n/a
Substitutability n/a
Raw material price fluctuations n/a
Supply risk rating according to VDI 4800 application 0,72

Critical Raw Materials Act applicability

As of now, no significant amount of iridium is extracted
in the EU [1]. There is no data available on reserves of
iridium or PGMs in the EU either. It is unlikely that there
will be an update of significant iridium extraction in the
EU in the next few years.



> 40% of the EU’s

annual consumption
covered by domestic
processing capacity:

> 25% of the EU’s
annual consumption
covered by domestic
recycling capacity:

< 65% of the EU’s
annual consumption
of each strategic raw
material at any
relevant stage of
processing to
originate from a
single third country:

In the processing stage, the EU has an import reliance
of 100% for PGMs as a whole. 93.5% of iridium is
processed in South Africa, 4.9% in Zimbabwe and 1.4%
in Canada [3]. Even though it is theoretically possible to
build up domestic processing capacities, it is unlikely to
make a significant contribution in the near future.

Since iridium has a high end-of-life recycling rate and
recycling is already established, meeting recycling
targets should be possible [6].

There is no data regarding the EU sourcing shares for
iridium. However, since iridium production is extremely
concentrated in South Africa, the EU will most likely
have to obtain more than 65% of its iridium consumption
from there, especially in the extraction stage. This goal
thus seems hard to achieve for now.
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Static range:

Co-product/by-product
dependency
(companionality):

Recycling:

Supply Risk: Manganese

Saskia Heinemann, Michael Ritthoff 02/2024

General Information

Manganese is often found in combination with iron. It is
essential to steelmaking by improving strength, workability and
resistance to wear. The steel industry accounts for
approximately 90% of the global manganese demand.
Additionally, high-purity manganese sulphate is used as a
cathode material in lithium-ion batteries, which are important for
electromobility and many other applications [1,2].
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Figure 1: Manganese ore: Mine production, by country or locality (source:
U.S. Geological Survey [3])

Application of VDI Standard 4800 Part 2

The static range of manganese is 85 years. It is the ratio of
reserves to global annual production. The static range is to be
understood as a measure of the necessity to expand supply
through new explorations or secondary raw materials.

Manganese is usually mined as the main product.

Manganese is recycled as a part of ferrous and non-ferrous
scrap. It is also recovered from steel slag along with iron. The
specific recovery from scrap only for manganese is negligible
[4]. The end-of-life recycling input rate (EOL-RIR) is 9% [5].
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Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for manganese.

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as manganese.

The Herfindahl-Hirschman-Index (HHI), which is a metric for
the absolute concentration, is 0,23 on a scale from 0 to 1. It is
calculated as the sum of the squared market shares of all
market participants. The higher the HHI, the more
concentrated the reserves. This leads to an increased risk
regarding the supply chain. The country concentration of
manganese reserves is moderate.

38% of the global manganese reserves are located in South
Africa [4].

The Herfindahl-Hirschman-Index (HHI), which is a metric for
the absolute concentration, is 0,22 on a scale from 0 to 1. It is
calculated as the sum of the squared market shares of all
market participants. The higher the HHI, the more
concentrated the production. This leads to an increased risk
regarding the supply chain. The country concentration of
manganese production is moderate.

36% of manganese production is located in South Africa,
another 23% in Gabon and 16.5% is located in Australia [4].

The geopolitical risk of global production is high. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is
moderate. The assessment is based on the regulatory
country risk of the producing countries, which is calculated
using four of the World Governance Indicators (rule of law,
regulatory quality, control of corruption and government
effectiveness in producing countries).

The company concentration of global production is low. The
Herfindahl-Hirschman-Index is lower than 0,15 on a scale of 0
to 1 [2].

The global demand impetus refers to the relation of demand
growth to global economic growth.
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Substitutability:

Raw material price
fluctuations:

Criticality assessment
according to VDI
calculations:

The demand for manganese grows grows disproportionally
relative to global economic growth.

As of now, there are no appropriate substitutes for
manganese in its main applications [4].

The price volatility of electrolytic manganese in the time span

from 01/23-12/23 was 9.6% [6]. This is classified as low. In

figure 2 below, the long-term price development from 1990-
2018 can be seen.
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Figure 2: Manganese: Price Development from 1990-2019 (source: U.S.
Geological Survey [7])

In figure 3, the short-term price development of
ferromanganese from December 2021 to December 2023 is
displayed.
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Figure 3: Price Development of ferromanganese from 12/2021-12/2023
(taken from Deutsche Rohstoffagentur: Preismonitor Dezember 2023 [8])

The criticality assessment according to our VDI calculations is
0,84 on a scale from 0 to 1. This indicates a high criticality
of manganese.
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> 10% of the EU’s
annual consumption
covered by domestic
extraction capacity:

> 40% of the EU’s
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processing capacity:
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< 65% of the EU’s
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Criteria

Static range 0,3
Co-product/by-product dependency 0,3
Recycling 0,7
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves 0,7
Country concentration of production 0,7
Geopolitical risks of global production 0,7
Regulatory situation for raw material projects 0,3
Company concentration of global production 0,3
Global demand impetus 0,7

Substitutability

Raw material price fluctuations

Supply risk rating according to VDI 4800 application

0,84

Critical Raw Materials Act applicability

As of now, there is no manganese being mined in the EU [4].

The only sizeable, classified resource comes from the
Chvaletice Manganese Project, which is located in the Czec
Republic and re-processes a manganese deposit contained
in waste from a decommissioned mine [9]. There is also the
theoretical possibility of extracting manganese nodules from
the ocean floor. Germany has an exploration permit for a
manganese nodule deposit in the pacific ocean. However,
mining activities are not being pursued for now because of
environmental concerns [10].

At the moment, the EU sources about 25% of its processed
manganese from inside of the EU (Spain and France) [11].
The processing capacity could theoretically be expanded
further.

Since Manganese recycling is established, it is theoretically
possible to expand the domestic recycling capacity [4,5].

In the extraction stage, the EU sources 41% of manganese
from South Africa and 39% from Gabon. In the processing

h

stage, the EU sources 21% of manganese from Norway, 19%

from Ukraine and 14% from Spain [11]. This target has
therefore been achieved for now.
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Static range:

Co-product/by-product
dependency
(companionality):

Recycling:

Supply Risk: Nickel
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General Information

Nickel is a transition metal with ferrous and non-ferrous
properties. It is one of only four elements that are ferromagnetic
at room temperature. While most nickel is assumed to be
concentrated in the earth’s core, only tiny amounts of pure
nickel are found in Earth’s crust. Most of the globally produced
nickel is used to make austenitic stainless steel [1,2].
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Figure 1: Nickel world mine production, by country or locality (data source:
U.S. Geological Survey [3,4]).

Application of VDI Standard 4800 Part 2

The static range of nickel is 30 years. It is the ratio of
reserves to global annual production. The static range is to be
understood as a measure of the necessity to expand supply
through new explorations or secondary raw materials.

Nickel is usually produced as the main product. There are,
however, by-products of Nickel production, such as cobalt,
copper, precious metals and platinum-group metals.

Nickel recycling is well established. In 2011, the end-of-life
recycling rate was already estimated to be >50% [5]. The
global supply of secondary nickel consists mainly of stainless-
steel scrap [6].
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natural disasters:

Country concentration
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Country concentration
of production:

Geopolitical risks of
global production:

Regulatory situation
for raw material
projects:
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Global demand
impetus

Substitutability:
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Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for nickel.

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as nickel.

The Herfindahl-Hirschman-Index (HHI), which is a metric for
the absolute concentration, is 0,17 on a scale from 0 to 1. It is
calculated as the sum of the squared market shares of all
market participants. The higher the HHI, the more
concentrated the reserves. This leads to an increased risk
regarding the supply chain. The country concentration of
nickel reserves is moderate.

21% of the global nickel reserves are located in Indonesia,
another 21% in Australia and 16% are located in Brazil.

The country concentration of nickel mine production is high.
The Herfindahl-Hirschman-Index is 0,28 on a scale from 0 to
1. 68% of cobalt production is located in the Congo.

The geopolitical risk of global production is high. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is
moderate. The assessment is based on the regulatory
country risk of the producing countries, which is calculated
using four of the World Governance Indicators (rule of law,
regulatory quality, control of corruption and government
effectiveness in producing countries).

The company concentration of global production is very low.
The Herfindahl-Hirschman-Index is 0,04 on a scale of 0 to 1

[7].

The global demand impetus refers to the relation of demand
growth to global economic growth.

The demand for nickel grows in parallel with global economic
growth.

There are substitutes for some applications of nickel. In
construction, austenitic stainless steel may be substituted by
low-nickel, duplex or ultrahigh-chromium stainless steels.



Raw material price
fluctuations:

Criticality assessment
according to VDI
calculations:

Nickel-free specialty steels are sometimes used in place of
stainless steel in the power-generating and petrochemical
industries. Nickel metal or nickel-base alloys could be
substituted by titanium alloys in corrosive chemical
environments [8]. This would, however, be significantly more
expensive. There are also some applications that require
extremely high heat and corrosion resistance, which makes
nickel indispensable.

The price volatility of nickel in the time span from 11/22-10/23
was 26.8% [9]. This is classified as high. In figure 2 below,
the long-term price development from 1990-2019 can be
seen.
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Figure 2: Nickel: Price Development from 1990-2019 (source: U.S.
Geological Survey [10].

In figure 3, the short-term price development from October
2021 to October 2023 is displayed.
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Figure 3: Price Development of nickel from 10/2021-10/2023 (taken from
DERA Preismonitor Oktober 2023 [11]).

The criticality assessment according to our VDI calculations is
0,83 on a scale from 0 to 1. This indicates a high criticality
of nickel.

Wuppertal
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Rating: Criteria

Static range 0,7
Co-product/by-product dependency 0,3
Recycling 0,3
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves 0,7
Country concentration of production -
Geopolitical risks of global production 0,7
Regulatory situation for raw material projects 0,3

Company concentration of global production

Global demand impetus 0,3
Substitutability 0,7
Raw material price fluctuations -
Supply risk rating according to VDI 4800 application 0,83

Critical Raw Materials Act applicability

> 10% of the EU’s The EU sources 38% of its nickel at the extraction stage from
annual consumption Finland and 19% from Greece. The import reliance is only
covered by domestic 31% [12]. Thus, the target of domestically extracting 10% of
extraction capacity: the EU’s annual consumption has currently been achieved for
nickel.
> 40% of the EU’s As of now, 21% of nickel in the processing stage is sourced
annual consumption from EU countries (Finland, Greece and France). The import
covered by domestic reliance is 75% [12]. It is theoretically possible to further
processing capacity: expand the domestic processing capacities.
> 15% of the EU’s Since nickel recycling is well established [5,6], it seems
annual consumption possible to set up and expand the domestic recycling

covered by domestic capacity.
recycling capacity:

< 65% of the EU’s This target has currently been achieved in the extraction and
annual consumption of the processing stage. The biggest share of a non-EU country
each strategic raw belongs to Russia, which is the source of 29% of the EU’s

material at any relevant processed nickel [12].
stage of processing to

originate from a single

third country:
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Static range:

Co-product/by-product
dependency
(companionality):

Recycling:

Supply Risk: Rare Earths

Saskia Heinemann, Michael Ritthoff 02/2024

General Information

Rare-earth elements (REEs), also known as rare earths, are a
group of 17 elements, consisting of yttrium, scandium and the
lanthanides. Contrary to their name, rare earths are not actually
scarce, but they are typically dispersed and it took a long time
to discover the elements individually. To this day, it is still a
complex process to isolate them. In a lot of emerging
technologies such as offshore wind farms or electric cars,
REEs play a crucial role and are therefore essential for future
development [1].
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Figure 1: Rare earths: Estimated world mine production, by country or locality
(data source: U.S. Geological Survey [2,3]).

Application of VDI Standard 4800 Part 2

The static range of rare earths is 594 years. It is the ratio of
reserves to global annual production. The static range is to be
understood as a measure of the necessity to expand supply
through new explorations or secondary raw materials.

Rare earths are sometimes mined as a by-product of iron ore
production. REEs are co-products in the sense that they are
all mined along with each other.

A small quantity of REEs is being recovered from batteries,
permanent magnets and fluorescent lamps [4].

There are, however, some problems regarding the recycling
of rare earths: they are hard to separate because they are
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nearly indistinguishable, and they form very stable
compounds in rare earth magnets, which impedes the
processing. Additionally, the separate collection of rare earth
magnets is only worth the cost for large magnets in wind
turbines [5]. The end-of-life recycling input rate (EOL-RIR) for
REEs is 1% [6].

Logistic constraints: Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for rare earths.

Constraints due to Natural disasters particularly impair the availability of biotic

natural disasters: raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as rare earths.

Country concentration  The Herfindahl-Hirschman-Index (HHI), which is a metric for

of reserves: the absolute concentration, is 0,2 on a scale from 0 to 1. It is
calculated as the sum of the squared market shares of all
market participants. The higher the HHI, the more
concentrated the reserves. This leads to an increased risk
regarding the supply chain. The country concentration of REE
reserves is moderate.

Country concentration  The country concentration of REE production is high. The
of production: Herfindahl-Hirschman-Index is 0,52 on a scale from 0 to 1.
70% of REE production is located in China.

Geopolitical risks of The geopolitical risk of global production is high. The

global production: assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

Regulatory situation The regulatory situation for raw material projects is
for raw material moderate. The assessment is based on the regulatory
projects: country risk of the producing countries, which is calculated

using four of the World Governance Indicators (rule of law,
regulatory quality, control of corruption and government
effectiveness in producing countries).

Company The company concentration of global production is very high.
concentration of The Herfindahl-Hirschman-Index is 0,91 on a scale of 0 to 1
global production: [7].

Global demand n/a

impetus
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Substitutability: There are substitutes for most applications of REEs, but they
are generally less effective. In fluorescent lamps, and for
dysprosium in servo motors and machine tool construction,
substitution is not possible [7]

Raw material price In figure 2, the long-term price development from 1990-2019
fluctuations: can be seen.
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Figure 2: Rare Earths: Price Development from 1990-2019 (source: U.S.
Geological Survey [8].

Criticality assessment  The criticality assessment according to our VDI calculations is

according to VDI 0,82 on a scale from 0 to 1. This indicates a high criticality

calculations: of rare earths.

Rating: Criteria
Static range 0
Co-product/by-product dependency n/a
Recycling n/a
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves 0,7

Country concentration of production

Geopolitical risks of global production

Regulatory situation for raw material projects

Company concentration of global production

O
w| N

Global demand impetus n/a
Substitutability n/a
Raw material price fluctuations n/a
Supply risk rating according to VDI 4800 application 0,82




> 10% of the EU’s
annual consumption
covered by domestic
extraction capacity:

> 40% of the EU’s

annual consumption
covered by domestic
processing capacity:

> 15% of the EU’s
annual consumption
covered by domestic
recycling capacity:

< 65% of the EU’s
annual consumption of
each strategic raw
material at any relevant
stage of processing to
originate from a single
third country:

SN/@AW’

Critical Raw Materials Act applicability

As of now, no REEs are being mined in the EU. There are
some rare earth deposits in Scandinavia, the largest one of
them in Sweden, but it will take at least another 10-15 years
until there could be an extraction of REEs [9]. Thus, there will
be no significant domestic extraction of REEs in the near
future.

At the moment, there is no significant amount of REE
processing in the EU [6].

Since there are still technical difficulties concerning the
recycling of REEs, it is unlikely that there will be a significant
build up of recycling capacities in the near future [5].

The EU currently sources 100% of its heavy rare earths
(HREE) and 85% of its light rare earths (LREE) from China
[6]. Due to China’s large supply share, it is unlikely for the EU
to source a major amount of REEs from other countries in the
near future.

Wuppertal
Institut



. /'Q W tal
NG OO e

Sources

[1] Rare-earth element. Wikipedia. Last accessed: 20.02.2024. https://en.wikipedia.org/wiki/Rare-
earth_element

[2] U.S. Geological Survey (1994-2019) [yearly publication]. Metals and minerals: U.S. Geological
Survey Minerals Yearbook 1994-2022, v. |, https://doi.org/10.3133/mybvl

[3] U.S. Geological Survey (2020-2023) [yearly publication]. Mineral Commodity Summaries 2022-
2023: U.S. Geological Survey. https://www.usgs.gov/centers/ national-minerals-information-
center/mineral-commodity- summaries

[4] U.S. Geological Survey (2023). Mineral Commodity Summaries 2023: U.S. Geological Survey.
https://doi.org/10.3133/mcs2023

[5] University of Cambridge Institute for Sustainability Leadership (CISL) and the Wuppertal Institute.
(2023). Embracing circularity: A pathway for strengthening the Critical Raw Materials Act. Cambridge,
UK: CLG Europe.

[6] European Commission (2023). Study on the Critical Raw Materials for the EU 2023 — Final Report.

[7] Bundesanstalt fir Geowissenschaften und Rohstoffe (2014). Rohstoffwirtschaftliche Steckbriefe —
Seltene Erden. Hannover.

[8] U.S. Geological Survey (2019). Rare Earths statistics, in Kelly, T.D., and Matos, G.R., comps.,
Historical statistics for mineral and material commodities in the United States: U.S. Geological Survey
Data Series 140, https://www.usgs.gov/centers/national-minerals-information-cente/historical-
statistics-mineral-and-material-commodities-united-states/

[9] Anders Lindberg (2023, January 12). Europe’s largest deposit if rare earth metals is located in the
Kiruna area. LKAB. https://lkab.com/en/press/europes-largest-deposit-of-rare-earth-metals-is-located-
in-the-kiruna-area/



iNae/»JvV’ Supply Risk: Silicon

\
ﬁ/= Saskia Heinemann, Michael Ritthoff 02/2024

General Information

Institut Silicon is the most common element in the Earth's crust after
oxygen [1]. The most important raw material source for silicon
is sand, which is basically available worldwide. Approximately
1.7% of the earth crust is sand, which consists of 91.5%
silicates [2]. The reserves cannot be estimated. A small amount
of silicon is processed into high-purity silicon to be used in the
semiconductor industry.
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Figure 1: Silicon world production, by country or locality (data source: U.S.
Geological Survey [3,4]).

Application of VDI Standard 4800 Part 2

Static range: n/a

Co-product/by-product Silicon is produced as the main product.

dependency

(companionality):

Recycling: Recycling of silicon is not established and insignificant [4].
The end-of-life recycling input rate of silicon metal is 0% [5].

Logistic constraints: Logistic constraints refer to the economic viability of storage

and transport, especially regarding biotic raw materials,
building materials and industrial materials.
There are no logistic constraints for silicon.



Constraints due to
natural disasters:

Country concentration
of reserves:

Country concentration
of production:

Geopolitical risks of
global production:

Regulatory situation
for raw material
projects:

Company
concentration of
global production:

Global demand
impetus

Substitutability:

Raw material price
fluctuations:

SN/@AW’

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as silicon.

n/a

For ferrosilicon and silicon metal combined, the Herfindahl-
Hirschman-Index (HHI), which is a metric for the absolute
concentration, is 0,48 on a scale from 0 to 1. It is calculated
as the sum of the squared market shares of all market
participants. The higher the HHI, the more concentrated the
production. This leads to an increased risk regarding the
supply chain. The country concentration of silicon production
is high (source: USGS MCS 2023).

For silicon metal, 76% of the production is located in China,
7% in Brazil, 6% in Norway and 4% in France.

The geopolitical risk of global production is high. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is
moderate. The assessment is based on the regulatory
country risk of the producing countries, which is calculated
using four of the World Governance Indicators (rule of law,
regulatory quality, control of corruption and government
effectiveness in producing countries).

n/a

The global demand impetus refers to the relation of demand
growth to global economic growth.

The demand for silicon grows in parallel with global economic
growth.

In some applications, ferrosilicon could be substituted by
aluminium, silicon carbide, or silicomanganese. The principal
substitutes for silicon in semiconductor and infrared
applications are gallium arsenide and germanium [4].

The price volatility of silicon metal in the time span from
01/23-12/24 was 17.6% [6]. This is classified as high.

Wuppertal
Institut
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In figure 2 below, the long-term price development from
1992-2022 can be seen.
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Figure 2: Silicon: Price Development from 1992-2022 (source: U.S.
Geological Survey [7].

Criticality assessment  The criticality assessment according to our VDI calculations is

according to VDI 0,81 on a scale from 0 to 1. This indicates a high criticality

calculations: of silicon.

Rating: Criteria
Static range n/a
Co-product/by-product dependency 0
Recycling 0,7
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves n/a
Country concentration of production -
Geopolitical risks of global production 0,7
Regulatory situation for raw material projects 0,3
Company concentration of global production n/a
Global demand impetus 0,3
Substitutability 0,7
Raw material price fluctuations -
Supply risk rating according to VDI 4800 application 0,81

Critical Raw Materials Act applicability

> 10% of the EU’s As of now, all of the EU’s supply of silica sand is from EU
annual consumption countries. The import reliance is 0% [5]

covered by domestic

extraction capacity:

> 40% of the EU’s At the moment, the EU sources 28% of its silicon metal from
annual consumption France, 6% from Germany and 4% from Spain [5]. Covering a



covered by domestic
processing capacity:

> 15% of the EU’s
annual consumption
covered by domestic
recycling capacity:

< 65% of the EU’s
annual consumption of
each strategic raw
material at any relevant
stage of processing to
originate from a single
third country:

significant share of the EU’s annual consumption by domestic
processing thus seems realistic.

Since there is no established silicone recycling right now, it is
unlikely that 15% of the EU’s annual consumption will be
covered by domestic recycling capacity soon [4,5].

In the extraction stage, the EU is completely self-sufficient
regarding silicon. In the processing stage, the third country
with the biggest EU sourcing share (9%) is Brazil [5]. This

target has been therefore achieved for now.

Wuppertal
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(companionality):

Recycling:

Supply Risk: Tin
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General Information

Tin is one of the earliest known and used metals. It is mined on
almost every continent.

Tin is relatively scarce compared to other elements, such as
zinc, copper or lead. It is mainly used in the electronic industry
as a solder (52%), for tinplate in packaging (16%), in the
chemical industry, e.g., as a PVC stabiliser (15%), in brass and
bronze (6%) and in float glass production (2%) [1,2].
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Figure 1: Tin: World mine production, by country or locality (source: U.S.
Geological Survey [3,4])

Application of VDI Standard 4800 Part 2

n/a

Tin is usually not mined as a co- or by-product of other
minerals.

Tin recycling is established for a lot of its applications. In
industrial production and when tin is being used as a solder,
up to 70% of it is recovered. In brass, bronze and float glass,
tin is usually fully recycled.

In tinplate, recycling is continually decreasing. As the tin
coating becomes thinner and thinner, it is not economically
viable anymore. In dissipative applications such as
chemicals, tin can only be recovered partly.



Logistic constraints:

Constraints due to
natural disasters:

Country concentration
of reserves:

Country concentration
of production:

Geopolitical risks of
global production:

Regulatory situation
for raw material
projects:

Company
concentration of
global production:

Global demand
impetus

SN/@AW’

In the U.S., recycled tin accounted for 22% of apparent
consumption in 2022 [5].

In 2011, the end-of-life recycling rate, which is the quotient of
the amount of waste collected for recycling and the total
amount of waste materials generated, was estimated to be
>50% [6].

Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for tin.

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as tin.

n/a

The Herfindahl-Hirschman-Index (HHI), which is a metric for
the absolute concentration, is 0,18 on a scale from 0 to 1. It is
calculated as the sum of the squared market shares of all
market participants. The higher the HHI, the more
concentrated the production. This leads to an increased risk
regarding the supply chain. The country concentration of tin
production is moderate.

31% of tin mine production is located in China, 24% in
Indonesia and 9% in Peru [5].

The geopolitical risk of global production is high. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is high. The
assessment is based on the regulatory country risk of the
producing countries, which is calculated using four of the
World Governance Indicators (rule of law, regulatory quality,
control of corruption and government effectiveness in
producing countries).

The company concentration of global production is
moderate. The Herfindahl-Hirschman-Index is 0,13 on a
scale of 0 to 1 [2].

The global demand impetus refers to the relation of demand
growth to global economic growth.

Wuppertal
Institut
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The demand for tin grows in parallel with global economic
growth.

Substitutability: Tin can be substituted in most of its applications.
As a solder, tin could be substituted by lead. However, lead is
mostly being avoided nowadays due to toxicity concerns.
Without lead, the only other substitutions (e.g., silver) would
lead to a loss of quality or an increase in price.
In tinplate for packaging, aluminium is a possible substitute
for tin. Apart from that, alternative packaging such as glass,
paper or plastic can be used.
In chemicals, there are a variety of adequate substitutes for
tin.
Bismuth can be used as a substitute in catalysts.
In bronze, tin could be substituted by arsenic. That would,
however, be a massive technological setback. For almost all
other alloys, there are sufficient substitutes available.
For the production of flat glass, it would be possible to forgo
float glass and use other methods which are more expensive,
less efficient and result in a deterioration of quality.
Even though tin can theoretically be substituted in almost all
its applications, doing so would often lead to losses of quality
and might not be economically feasible [7].

Raw material price The price volatility of tin in the time span from 01/23-12/23 is
fluctuations: 25.3% [8]. This is classified as high. In figure 2 below, the
long-term price development from 1990-2019 can be seen.
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Figure 2: Bismuth: Price Development from 1990-2019 (source: U.S.
Geological Survey [9])

In figure 3, the short-term price development from December
2021 to December 2023 is displayed.
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Figure 3: Price Development of tin from 01/2023-12/2023 (taken from
Deutsche Rohstoffagentur: Preismonitor Dezember 2023 [10])

Criticality assessment  The criticality assessment according to our VDI calculations is

according to VDI 0,77 on a scale from 0 to 1. This indicates a high criticality

calculations: of tin.

Rating: Criteria
Static range n/a
Co-product/by-product dependency 0,3
Recycling 0,7
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves n/a
Country concentration of production 0,7
Geopolitical risks of global production 0,7
Regulatory situation for raw material projects 0,7
Company concentration of global production 0,3
Global demand impetus 0,3
Substitutability 0,7
Raw material price fluctuations -
Supply risk rating according to VDI 4800 application 0,77

Critical Raw Materials Act applicability

> 10% of the EU’s As of now, some tin is being extracted inside of the EU in
annual consumption Portugal and Spain. The EU sources 40% of its extracted tin
covered by domestic from Portugal and 26% from Spain. It has an import reliance
extraction capacity: of 0% [11]. Considering this, the target of 10% domestic

extraction capacity has been surpassed regarding tin.



> 40% of the EU’s

annual consumption
covered by domestic
processing capacity:

> 15% of the EU’s
annual consumption
covered by domestic
recycling capacity:

< 65% of the EU’s
annual consumption of
each strategic raw
material at any relevant
stage of processing to
originate from a single
third country:

SN/@AW’

Tin is being processed in Belgium and Poland. The EU
sources 18% of its processed tin from Belgium and 7% from
Poland [11]. It its theoretically possible to further increase the
domestic processing capacity.

Since tin has a high end-of-life recycling rate and recycling is
already established for a lot of its applications, meeting
recycling targets should be possible [6].

At the extraction stage, the EU already sources 40% from
Portugal and 26% from Spain, so there is currently no danger
of importing more than 65% from one single third country
outside of the EU. At the processing stage, the EU currently
sources 33% of its tin from Indonesia, 18% from Belgium and
10% from Peru [11]. This goal thus seems achieved for now.
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Static range:

Co-product/by-product
dependency
(companionality):

Recycling:

Logistic constraints:

Constraints due to
natural disasters:

Country concentration
of reserves:

Country concentration
of production:

Geopolitical risks of
global production:

Supply Risk: Yttrium

Saskia Heinemann, Michael Ritthoff 02/2024

General Information

Yttrium is a chemical element which is classified as a rare-earth
element and a transition metal. Its name stems from the place
where it has been discovered, the village of Ytterby in Sweden.
Yttrium is mainly used as a component of phosphors in LEDs. It
is also necessary as a stabilising agent for zirconium dioxide in
certain fuel cells [1]. Yttrium is normally used in the form of
yttrium oxide.

Application of VDI Standard 4800 Part 2

The static range of yttrium is approximately 50 years [2]. It is
the ratio of reserves to global annual production. The static
range is to be understood as a measure of the necessity to
expand supply through new explorations or secondary raw
materials.

In nature, yttrium is always found together with lanthanides in
rare earth elements [1]. Thus, it is always mined along with
them.

Recycling of yttrium is not established and insignificant [2].

Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for yttrium.

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as yttrium.

Yttrium reserves are mainly located in Australia, Brazil,
Canada, China, and India [2]. There was no quantitative data
available to calculate the country concentration.

Yttrium is mainly produced in China and Burma [2]. There
was no quantitative data available to calculate the country
concentration.

The geopolitical risk of global production is very high. Due to
the lack of production data, this was assessed qualitatively.
The assessment is based on the political country risk of the



Regulatory situation
for raw material
projects:

Company
concentration of
global production:

Global demand
impetus

Substitutability:

Raw material price
fluctuations:

producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is high. Due
to the lack of production data, this was assessed
qualitatively. The assessment is based on the regulatory
country risk of the producing countries, which is calculated
using four of the World Governance Indicators (rule of law,
regulatory quality, control of corruption and government
effectiveness in producing countries).

n/a

n/a

Yttrium could be substituted in some of its applications, but
doing so would significantly decrease the efficiency. Thus, it
is usually not replaced by other elements [2].

The price volatility of yttrium oxide in the time span from
01/23-12/23 was 11.2%. This is classified as high. The price
volatility of yttrium metal from 01/23-12/23 was 2.7%. This is
classified as low [3].

In figure 2, the price development of yttrium oxide from
December 2021 to December 2023 is displayed.
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Figure 2: Price Development of yttrium oxide from 12/2021-12/2023 (taken
from DERA Preismonitor Dezember 2023 [4]).

In figure 3, the price development of yttrium metal from
December 2021 to December 2023 is displayed.

Wuppertal
Institut



Criticality assessment
according to VDI
calculations:

Rating:

%\I}S W Y::t?tﬁrtal
45
40 TN
35
w0 30
325
3 20
15
10
5
0
Dez 2021 Jun 2022 Dez 2022 Jun 2023 Dez 2023
Figure 3: Price Development of yttrium metal from 12/2021-12/2023 (taken
from DERA Preismonitor Dezember 2023 [4]).
The criticality assessment according to our VDI calculations is
0,82 on a scale from 0 to 1. This indicates a high criticality
of yttrium.
Criteria
Static range 0,3
Co-product/by-product dependency 0,7
Recycling 0,7
Logistic constraints 0
Constraints due to natural disasters 0
Country concentration of reserves n/a
Country concentration of production n/a
Geopolitical risks of global production n/a
Regulatory situation for raw material projects n/a
Company concentration of global production n/a
Global demand impetus n/a

Substitutability

Raw material price fluctuations

Supply risk rating according to VDI 4800 application

0,83




> 10% of the EU’s
annual consumption
covered by domestic
extraction capacity:

> 40% of the EU’s

annual consumption
covered by domestic
processing capacity:

> 15% of the EU’s
annual consumption
covered by domestic
recycling capacity:

< 65% of the EU’s
annual consumption of
each strategic raw
material at any relevant
stage of processing to
originate from a single
third country:

SN/@AW’

Critical Raw Materials Act applicability

As of now, no rare earths, including yttrium, are being mined
in the EU. There are some rare earth deposits in
Scandinavia, the largest one of them in Sweden, but it will
take at least another 10-15 years until there could be an
extraction of REEs [5]. Thus, there will be no significant
domestic extraction of yttrium in the near future.

At the moment, there is no significant amount of rare earths
processing in the EU. The EU sources 100% of its yttrium in
the processing stage from China [6].

Since yttrium recycling is not established and insignificant [2],
it seems unlikely that there will be a significant build-up of
recycling capacities in the near future.

The EU currently sources 100% of yttrium from China [6].
Due to China’s large supply share, it is unlikely for the EU to
source a major amount of yttrium from other countries in the
near future.
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Static range:

Co-product/by-product
dependency
(companionality):

Recycling:

Supply Risk: Zirconium

Saskia Heinemann, Michael Ritthoff 02/2024

General Information

Zirconium is a chemical element that closely resembles
hafnium. Its name is derived from the mineral zircon, which is
the most important source of zirconium. The main uses for
zirconium (dioxide) are as a refractory and opacifier [1].
Zirconium dioxide is also used in solid-state electrolytes, which
can be used in batteries (e.g., lithium-ion-batteries). Compared
to liquid electrolytes, solid-state electrolytes are safer, cannot
leak and allow for a higher achievable power density and
cyclability [2].
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Figure 1: Zirconium mineral concentrates: World production, by country or
locality (source: U.S. Geological Survey [3,4])

Application of VDI Standard 4800 Part 2

n/a

Zircon is a co- or by-product of mining heavy-metal sands for
the titanium minerals, ilmenite and rutile, or tin minerals [3].

Some zirconium is being recovered from new and old scrap.
Apart from that, zircon foundry mold cores and zirconia
refractories are often recycled [4] The end-of-life recycling
input rate (EOL-RIR) in 2023 is 12% [5]. According to UNEP,
the end-of-life recycling rate (EOL-RR) for zirconium in 2011
was less than 1% [6].
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Logistic constraints refer to the economic viability of storage
and transport, especially regarding biotic raw materials,
building materials and industrial materials.

There are no logistic constraints for zirconium.

Natural disasters particularly impair the availability of biotic
raw materials, depending on their geographical distribution.
There are no constraints for mineral and fossil raw materials,
such as zirconium.

n/a

The country concentration of zirconium production is
moderate. The Herfindahl-Hirschman-Index is 0,2 on a scale
from 0 to 1. 36% of zirconium production is located in
Australia, another 23% in South Africa and 10% is located in
China [4].

The geopolitical risk of global production is moderate. The
assessment is based on the political country risk of the
producing countries, which is calculated using two of the
World Governance Indicators (voice and accountability,
political stability and absence of violence).

The regulatory situation for raw material projects is
moderate. The assessment is based on the regulatory
country risk of the producing countries, which is calculated
using four of the World Governance Indicators (rule of law,
regulatory quality, control of corruption and government
effectiveness in producing countries).

n/a

The global demand impetus refers to the relation of demand
growth to global economic growth.

The demand for zirconium grows in parallel with global
economic growth.

In some high-temperature applications, zirconium dioxide can
be substituted by dolomite and spinel refractories. Hafnium is
a substitute for zirconium in superalloys. Silver-cadmium-
indium control rods can be used instead of zirconium in
nuclear power plants. In other nuclear applications, zirconium
might be substituted to a certain degree by niobium, stainless
steel and tantalum [4].

The price volatility of zircon in the time span from 10/22-
09/23 was 6.1% [7]. This is classified as low. In figure 2






