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With this study, we
would like to draw
attention to key
priorities, strategies and
political measures for
“resilient supply chains”
in order to secure the
transformation to
climate neutrality.
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Dear Reader,

The past years have been characterized by far-reaching
changes that have underscored the need for an accelerat-
ed and resilient transformation to climate-neutral econ-
omies. One such change is the fact that the impacts of
the man-made climate crisis are becoming increasingly
noticeable around the world. In addition, the Russian
invasion of Ukraine has provided a particularly clear
demonstration of the vulnerability of Europe’s econo-
my and society as a result of its dependency on fossil
fuels, as well as the negative implications of one-sided
import dependencies on certain countries. With the in-
troduction of the Inflation Reduction Act (IRA) in the
United States, it has also become very evident that the
competition for establishing business locations for the
key future technologies that are driving the transforma-
tion is in full swing. And there is China, which has been
working successfully for more than a decade to become

the world market leader in green technologies.

The European Union and Germany must ensure that
the necessary transformation to climate neutrality takes
place in a resilient way. In the context of this study, resil-
ience is understood as the ability to withstand external
shocks or upheavals within the social, economic or po-
litical framework, in particular with regard to interna-
tional embedding, as well as the ability to adapt to the
new conditions. For key technologies along the entire
supply chain, this means possessing the necessary tech-
nologies and components, securing the key raw materi-
als, implementing appropriate diversification strategies
and establishing a recycling economy at an early stage.
Only if these measures succeed will the European Un-
ion and Germany be able to implement the transforma-
tion, play a strong role on the global market in the future
and provide future-proof jobs at home, thereby secur-
ing national and European sovereignty. Ultimately, Eu-
rope will only enjoy the necessary political leeway for
sovereign action if the European Union and its Member
States cannot be unilaterally blackmailed when it comes

to central issues of economic prosperity. When it comes

SECURING GERMANY'S SOVEREIGNTY

to transformation, the issue of resilient supply chains is
more than an economic question or challenge, it is rath-

er a highly political question of security and sovereignty.

With this study, we willaddress the various dimensions of
the formulated challenges in order to help decision-mak-
ers quickly and effectively implement strategies and

measures that will advance a resilient transformation.

We will identify the key technologies, intermediate
products and raw materials which are of key
relevance in the transformation to climate
neutrality, and which should be prioritized and

secured by the respective political stakeholders.

We will analyze the central supply chains and point
out individual areas of weakness. The technologies
required for the transformation can only be
considered to be secure and available if all parts of
the supply chain are robust. That is what is meant

by resilience.

We will recommend solutions for each of the key
technologies and formulate recommendations for

initial political decisions.

The study presented here pertains first and foremost to
Germany, thus providing concrete recommendations
for action for a key EU Member State on the one hand,
while on other hand charting a viable approach to com-
plex questions that must also be addressed at the wid-
er EU level. With this study, we would like to draw at-
tention to key priorities, fields of action, strategies and
political measures for “resilient supply chains” in order
to secure the transformation to climate neutrality and
thereby strengthen the political sovereignty of Germa-
ny and the EU. We look forward to continuing our ex-

change with you.

Yours sincerely,
Regine Gunther
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Executive Summary

1. A number of key industries play a strategic role

in the transformation to climate neutrality. The
strategic significance of these industries is central to
the success of climate protection strategies, the
political sovereignty of Germany and Europe as
well as the securing of industrial locations. Among
the particularly relevant key technologies are the
following:

Photovoltaics

Wind power

Lithium-ion batteries for electromobility

Permanent magnets for electromobility and

wind power

Electrolyzers

Heat pumps

Green steel plants (DRI shaft furnaces)

. When assessing the level of resilience, it is
necessary to always take the entire supply chain
into consideration. The resilience of the supply
chain as a whole is only as robust as that of the

weakest link.

. For the key technologies, seven raw materials are
rated as highly critical with respect to extraction
and processing as understood by the study
objectives. The criticality is manageable through
decisive political action. They are: graphite,
iridium, cobalt, lithium, manganese, light and
heavy rare earths. In addition, nickel and polysilicon
should receive special attention as additional
medium critical (processed) raw materials.
Particular importance arises here for the

transformation phase up to 2030/3S.

. Targeted investments in domestic transforma-
tion industries and the locating of particularly
critical parts of the supply chain in Germany or
Europe enable the successful and resilient
transformation to climate neutrality. Of

particular relevance in this context are the PV

industry (specifically ingots / wafers, solar glass, PV
cells / modules), the manufacturing of permanent
magnets and their preliminary products (especially
for wind turbines and electromobility), the
complete supply chain for lithium-ion batteries
(electromobility), and the development of a lead

market for green steel.

. The international diversification in the

procurement of critical raw materials,
components and strategic goods can be
decisively supported by building transforma-
tion-oriented partnerships, thereby reducing
market concentrations and dependencies.

It is also especially important to establish and
promote the further development of new trade
relations. The following countries outside the
EU are of particular interest for transformation-
oriented partnerships: Australia, Brazil,
Canada,Chile, Colombia, Ghana, Indonesia,
Madagascar, Malawi, Mozambique,

Namibia, South Africa, Zimbabwe.

. Asignificant contribution from raw material

recycling to building resilience is not to be
expected before the early 2030s. At that point,
however, the recycling of raw materials will begin to
play an increasingly crucial role. It is essential,
therefore, that efforts are already begun in the areas
of recycling-friendly design of the relevant goods,
timely investments in recycling capacities,

and the development of a conducive industrial

ecosystem.

. Last but not least, the reduction of raw material

intensities and the development of alternative
technology options is an important pillar of a
resilience-oriented transformation policy.

To this end, it is essential to develop a correspond-

ing environment for innovation in Europe.

SECURING GERMANY'S SOVEREIGNTY



Executive Summary

Key strategies and instruments for 6. Expand and strengthen transformation
bolstering resilience partnerships on equal terms.
This can be achieved by strengthening economic
1. Introduce and institutionally anchor cooperation beyond existing raw material and
comprehensive resilience monitoring. The technology partnerships, by strengthening value
regular analysis of raw material availability and creation in partner countries and by intensifying
supply relationships with critical dependencies cooperation in education and research.
along strategically relevant supply chains form the
basis for policy decisions regarding necessary 7. Early-phase capacity building in the recycling
adjustments. Options for shaping institutional industry. This can be achieved by passing design
anchoring should be reviewed. requirements, export restrictions for secondary raw
materials and primary products, and through
2. Create stable domestic sales markets for the robust implementation of the EU Battery
transformative key technologies. Regulation and the EU Critical Raw Materials Act.

This can succeed by securing a stable political
framework and reliable funding instruments in
Germany and the EU. Funding for critical raw
materials within the EU must be prioritized.

3. Establish resilient-content requirements.
This can be achieved by setting standards, for
example on environmentally and socially
acceptable criteria for funding measures and
regarding the import of goods.

4. Facilitate purchasing groups for strategic raw We un d ers t an d
materials and goods as well as the bundling of ore re
supply contracts. This can be achieved through a resi ll ence as t h ed b l ll ty
review and reform of antitrust law, as well as o
e to withstand external

rough bundling and securing procurement
agreements through the public sector. S h ocC ks oru p h eava ls i n

S. Support an assertive approach to domestic SOCIa l ’ economic
business location policy in the area of strategic og e
resources and goods. This can be achieved or p o ll t Ica l fra mewo rk
through compensation measures for European con d i ti on s' i n p ar ti (o [ l ar
transformation industries with a view to creating a . .
level playing field vis-a-vis subsidized competitors Wi t h I'eg d I'd tO In te r-
outside of Europe. In this area, investment should o o
: pe . national embedding,

e promoted and state aid for operational
expenditures be made possible for a limited period. an d t h ea bi li ty to a d a p t
to new conditions.

SECURING GERMANY'S SOVEREIGNTY 07



1. Introduction

Fic.01 Stages of a Supply Chain - General Overview

Critical supply risks can occur along the entire supply chain.

Raw material processing

N

SN a
BE 1
Purification,
refining etc.

SOURCE Own depiction

Prognos, Oeko-Institut, Wuppertal Institut, 2023

1. Introduction

Germany has embarked on the path to achieving climate
neutrality by the year 2045. In light of the changing geo-
political framework conditions, the question now arises
as to how resilient supply chains are with regard to the

expansion of transformation technologies.

This study examines the entire supply chain to deter-
mine where major dependencies on other countries ex-
ist in the supply of raw materials, components and stra-
tegic goods for the transformation of the economy, both
now and in the foreseeable future, and what measures
can be taken to bolster resilience. Since time is also a
scarce resource on the path to climate neutrality, this
paper will focus — regardless of the strategic target year
2045 — on the short and medium-term challenges lead-
ing up to 2030 and 2035 with regard to the resilience of
relevant value chains.

This study builds on the baseline study “Towards a Cli-
mate-Neutral Germany by 2045” (KNDE2045),' writ-
ten by Prognos, Oeko-Institut and the Wuppertal Insti-

1 Prognos, Oeko-Institut, Wuppertal Institute (2021):

“Towards a Climate-Neutral Germany by 2045. How
Germany can reach its climate targets before 2050.”
A study commissioned by Climate Neutrality Foundation,
Agora Energiewende and Agora Verkehrswende. Online:
https://www.stiftung-klima.de/app/uploads/2021/09/A-
EW_213_KNDE2045_Summary_EN_WEB_v1.1.pdf

(Sub-)Components

Production of
goods

Manufacturing of
sub-components

tute and published in 2021. The basic assumptions of
the precursor study have been retained, although adjust-
ments and updates have been made to reflect current de-
velopmentsin the areas of transportation and the expan-

sion of renewable energy.

The study “Securing Germany’s Sovereignty — Resilient
supply chains for the transformation to climate neutrali-
ty 2045” examines in detail the ramp-up over time of the
raw materials, components and strategic goods required
for the transformation of the respective sectors, and
places them in relation to the current supply-side situa-
tion of the supply chains and their scalability in five-year
steps from 2020 to 2045. This short version version of
the study presents the key findings in condensed form.
The detailed analysis can be found in the full version.

This study focuses on the challenges that arise for the
seven identified key technologies — photovoltaics,
wind power, lithium-ion batteries, permanent magnets,
electrolyzers, heat pumps and steel — primarily as a re-
sult of excessive dependence on foreign countries. The
topics infrastructure, cybersecurity, shortage of skilled
workers and bureaucracy, which are also relevant to the

transformation, were not examined as part of this study.

08 CONDENSED STUDY SECURING GERMANY'S SOVEREIGNTY Climate Neutrality Foundation



2. Risks along the supply chain and
prioritization of key technologies

The criticality of raw materials, components and goods
that are necessary for the transformation towards attain-
ing climate protection targets depends on two main fac-
tors. For one, they must enable a significant reduction in
greenhouse gas emissions in the short and medium term
(2030/2035). Accordingly, the market ramp-up must be
steep, with corresponding implications for the growth
of the respective value chain as a whole. Secondly, a risk
to security of supply exists or is foreseeable. Reasons for

this can include:

Excess demand: Demand outpaces the expansion

of supply.

Market power and concentration of supply: Many
raw materials or intermediate stages in the value
chain are concentrated on a very small number of
countries, or are only extracted or produced by a
few companies. This typically has both geological

and historically-rooted reasons.

In many resource-rich countries, a lack of or low
level of environmental and social standards can be a
major obstacle to establishing clean supply chains.
While this aspect was not examined in this study, it
is relevant for future analyses regarding the

diversification of supplier countries.

It should be pointed out here that due to the special
focus of this work, a definition of criticality has been
chosen that includes criteria beyond the usual and es-
tablished criticality analysis framework. Above all, this
includes the focus on technologies that drive the trans-
formation to climate neutrality, as well as a particular
orientation towards future developments with a time
horizon up to 204S, with a special emphasis on the pe-
riod up to 2030/2035.

SECURING GERMANY'S SOVEREIGNTY

2. Risks Along the Supply Chain

Today’s debate about resilience in the context of
the transformation to climate neutrality is often re-
duced to the availability of the required raw materi-
als. A critical supply situation, however, can arise any-
where along the entire supply chain, whether during the
extraction and processing of the raw materials, the pro-
duction of the (sub-) components or the production of
the individual goods. This is one of the factors analyzed

in the context of this study.

Of over 30 transformation technologies, seven key tech-
nologies have been identified in a screening process,
which were then prioritized and subject to further ex-

amination in light of the project goals.

The following criteria were decisive for the selection of
these industries:
Significant reduction in greenhouse gas emissions
by 2030/2035
Short-term steep ramp-up path
Virtually no short-term alternatives
High supply concentration of raw materials,
components or even the production of whole

goods.

The following seven key technologies emerged from the
analysis:

Photovoltaics

Wind power

Lithium-ion batteries for electromobility

Permanent magnets for electromobility and

wind power

Electrolyzers

Heat pumps

Green steel plants (DRI shaft furnaces)

09



3. Key Challenges

3. Key challenges to resilience across
the entire supply chain of the seven
key technologies

For the assessment of criticality, both the demand until
204S and the current and foreseeable developments on
the supply side along the entire supply chain were ana-
lyzed for the seven key technologies: From raw materi-
al extraction and processing to the production of (sub-)
components up to the production of the individual
goods, research was carried out based on currently avail-
able sources. By comparing findings related to the de-
mand-side with supply-side findings, it was possible to
categorize the stages of the supply chain as very critical,
medium critical and moderately critical' for the purpos-
es of this study. Figure 2 shows the main identified “Hot-

spots” regarding the resilience of strategic supply chains.
Overview: Criticality level by key technology

Photovoltaics: For wafer-based photovoltaics, while
the actual extraction of raw materials is not in itself a
vulnerable aspect, there are considerable challenges to
the resilience of the value chain across the further pro-
cessing stages. Above all, the production of ingots, wa-
fers, solar glass and PV cells as well as modules is very
critical due to China’s highly dominant position, while
the EU has little to no capacity of its own in this area.
The processing of quartz sand into polysilicon is critical
in part because China has a substantial market share here
as well; however, there is one major producer of polysil-

icon located in Europe.

1 This categorization is project-specific with regard to the
objectives of this paper. A direct comparison with other
studies that make categorizations regarding the criticality
of raw materials etc. (in particular the EU Critical Raw Mate-
rials List) is neither carried out here nor does it make sense,
since the focus of this work is more specific than that of
other publications.

10

Wind power: For wind power (in particular offshore),
as well as for electromobility, the main challenge for the
resilience of the supply chain lies in the area of perma-
nent magnets from rare earth elements. This is very criti-
cal because China dominates nearly all stages of the sup-
ply chain. Permanent magnets are now used in almost all
new offshore wind turbines, as well as in around 20 per-

cent of onshore wind turbines.

The manufacturing of offshore wind turbines is also
currently associated with risks, as there is low produc-
tion capacity, especially for large turbines over 12 MW.
For the manufacturing of onshore wind power turbines,
by contrast, there is still sufficient capacity in the medi-
um term. However, the lower production costs in Chi-
na compared to Europe could result in European manu-
facturers being squeezed out of the market. In addition,
due to cost factors, a large number of components and
sub-components are now purchased from Chinese com-
panies. In contrast to permanent magnets, however,

there is no monopoly in this area.

Electromobility: In the electromobility sector, large
segments of the lithium-ion cell supply chain can be
classified as very critical for purposes of this study. This
begins with the supply of raw materials regarding the
rapidly growing demand for key raw materials, primar-
ily lithium, but also nickel, cobalt and graphite. China
plays a very dominant role in the processing of raw mate-
rials (in particular graphite, manganese and cobalt). This
also applies to subsequent stages such as the manufac-
turing of cathode material and, to an even greater extent,
of anode materials. With regard to the production of the
lithium-ion cells themselves, China currently also plays a

leading role, followed by South Korea and Japan.

SECURING GERMANY'S SOVEREIGNTY



3. Key Challenges

r1G. 02 Supply risks For strategic key technologies along the supply chain by criticality
Risks vary by severity and cause of potential supply shortages.
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source Own illustration

NOTE ON copper, titanium, gallium, germanium, yttrium and platinum: According to the investigations conducted in this study, these
raw materials are strategically relevant for the transformation to climate neutrality to 2045, but not critical.

Prognos, Oeko-Institut, Wuppertal Institute, 2023
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3. Key Challenges

Electrolyzers: The main challenge for electrolyzers lies
in the area of PEM electrolyzers. Here, the future supply
of sufficient amounts of iridium is very critical. The ex-
traction of iridium through mining cannot be expanded
because it exists in very low concentrations and is only
extracted as a transitional metal, especially in platinum
mining (very high concentration on South Africa). An
increase in platinum extraction in the future is not real-
istic, which is why an increase in the supply of iridium
is not to be expected. Other natural deposits of iridium

can also be ruled out as a source of increased extraction.

Heat pumps: The main challenge associated with heat
pumps, asis the case with electric cars and offshore wind
turbines, is the use of permanent magnets made with
rare earths, which are often installed in the electric mo-
tors of compressors and circulating pumps. However,
there is currently no data on what proportion of heat
pumps have permanent magnets installed, nor on the
proportion of heat pumps that use electromagnets. Fur-
ther research on this question is required. Still, com-
pared to other key technologies and their components,
the supply risks associated with heat pumps are signifi-

cantly lower.

Steel: In the case of steel, the main bottleneck lies in
the construction of shaft furnaces for direct reduction
(DRI) using hydrogen (or alternatively natural gas), as
there are only a few suppliers in this sector. There are also
some risks associated with the availability of iron ores

with a very high iron content.

In the following section, the raw materials, components
and goods examined in this study are categorized ac-
cording to their degree of criticality. For the raw mate-
rials, a distinction is made between raw material extrac-

tion and raw material processing.

12

Criticality in raw material extraction

Very critical: lithium, heavy rare earths and iridium

Of all the technologies examined in depth, the raw mate-
rials that are categorized as very critical when it comes to
raw material extraction (mining extraction) are lithium
(lithium-ion batteries), heavy rare earths (permanent
magnets for offshore and electromobility) and iridium
(PEM electrolyzers).

Lithium: In the case of lithium, the main challenge
lies primarily in the steep increase in global demand
(excess demand). The expansion of existing mines
and the opening of new mines — or extraction from
salt lakes — requires relatively long lead times. The
time aspect is thus of decisive significance for the

categorization of lithium.

Heavy rare earths: Heavy rare earths such as
dysprosium and terbium are currently mined
almost exclusively in China and, in much lower
amounts, also in Myanmar. This very narrow
country concentration is the main reason for this
categorization, compounded by the fact that in
many (but not all) natural deposits around the
world, heavy rare earths occur only in very low

concentrations.

Iridium: The mining extraction of iridium is
currently 6 to 10 tons per year and cannot be
expanded, since it is only extracted as a minor
metal, mainly in platinum extraction (very high
country concentration on South Africa). Because a
future increase in platinum extraction is not
realistic, no increase in iridium supply is to be
expected. Other natural occurrences of iridium can

also be ruled out as a source of increased supply.

SECURING GERMANY'S SOVEREIGNTY



Medium critical: nickel, cobalt, graphite and light
rare earths

According to the investigations carried out in this study,
nickel, cobalt, graphite and light rare earths are catego-
rized as medium critical with regard to raw material ex-
traction (mining extraction). Significant growth in de-
mand can be expected for all of these raw materialsin the
coming years. However, in contrast to the raw materials
assessed as very critical in the section above, there are
various reasons (see below) that justify this categoriza-
tion here as medium critical — despite the great impor-

tance of these raw materials:

Nickel: Global mining extraction is relatively
widely distributed, although Indonesia is currently
in the process of expanding its leading position. The
increasing nickel demand can be at least partially
mitigated by the growing market share of
nickel-free lithium-ion (LFPB) batteries.

Cobalt: The DR Congo is responsible for a very
large share of global cobalt mining. However,
Indonesia, which will soon become the second
largest mining producer, is meeting market demand
by expanding extraction (as a minor metal in nickel
extraction). In addition, the growth in demand for
cobalt is expected to slow down in the medium
term due to the increasing use of cobalt-free and

low-cobalt lithium-ion batteries.

Graphite: While China plays a very dominant role
in mining extraction of natural graphite, the use of
synthetic graphite opens up an alternative field
here. In addition, the natural graphite reserves are
distributed across various countries, making

increases in supply possible from these sources.

SECURING GERMANY'S SOVEREIGNTY

3. Key Challenges

Light rare earths: Although China is still the
country with the largest mining extraction of light
rare earths, there has been a clear downward trend
in recent years. Light rare earths occur naturally in
many countries (Australia, United States, Canada,
etc.) and are increasingly being mined in those

countries to meet the strong growth in demand.

Moderately critical: manganese, scandium, iron
ores in DRI quality

For the purposes of this study, the raw materials man-
ganese and scandium as well as iron ore in DRI quali-
ty are categorized as moderately critical in terms of raw
material extraction (mining extraction). There are vari-
ous reasons for this, which are explained in the respec-

tive sections.

Investigations have found the raw materials copper, tita-
nium, gallium, germanium, yttrium and platinum to be
not critical, although strategically relevant for the trans-
formation to climate neutrality by 204S. Details can be
found in the corresponding chapters of the full version
of the study.

Criticality in raw material processing
Very critical: processing of light and heavy rare
earths, cobalt, manganese, graphite

For raw material processing, the categorizations scheme
into very critical, medium critical and moderately crit-
ical differs from that for raw material extraction. The
processing of light and heavy rare earths as well as co-
balt, manganese and graphite is categorized as very crit-
ical. The reasons for the categorization are the same in
all cases, namely the very strong to total dominance of
China against the background of steep growth in glob-
al demand.

13



3. Key Challenges

Medium critical: processing of polysilicon, lithium

and nickel

Raw material processing for polysilicon, lithium and
nickel’is categorized as medium critical. Although China
has aleading position here too, other countries also have

relevant market shares.

Criticality in the manuFacturing of (sub-)
components

Very critical: ingots, wafers, cells for photovoltaics,
permanent magnets for offshore wind power and
electric motors as well as anode material for
lithium-ion batteries in the electromobility sector
In terms of (sub-) component production, the produc-
tion of ingots, wafers and cells for wafer-based photo-
voltaics, the production of permanent magnets for wind
power and electromobility, as well as the production of
anode material (for lithium-ion cells) for electromobility
must be categorized as very critical. In all cases, the rea-
son is China’s extremely high to overwhelming market

power.

Medium critical: Cathode material for lithium-ion

batteries

In addition, the production of cathode material (for lith-
ium-ion cells) is categorized as medium critical in terms
of (sub-) component production. Although Chinais the
market leader here too, South Korea, Japan and, to a cer-
tain degree also the U.S. and the EU play relevant roles

as well.

2 Atthe processing level, lithium refers specifically to lithium
carbonate and lithium hydroxide hydrate, and nickel refers
to nickel sulfate.

14

Criticality of goods

At the productlevel PV modules are categorized as very
critical. While China’s market share of global produc-
tion is somewhat lower here than in the upstream stages,
and there is currently more production capacity in Eu-
rope than is the case for cells, due to the fact that mod-
ules manufactured in Europe are largely dependent on
imported Chinese PV cells, this study also categorizes
module production as very critical. The production of
battery cells is also categorized as medium critical due to
the strong growth in global demand and China’s strong

position.

Demand for critical raw materials for
Germany to 2045

The study shows that for the key transformation technol-
ogies, seven raw materials are rated as highly critical with
respect to extraction and processing: graphite, iridium,
cobalt, lithium, manganese, light and heavy rare earths.
In addition, nickel and polysilicon should receive special
attention as additional medium critical (processed) raw
materials. An additional central finding of this study is
the quantification of demand in 5-year steps for Germa-
ny for these very critical and medium critical raw mate-
rials that are necessary for the strategic key technologies
up to the year 204S. The projected demand is based on
the expansion paths of the “KNDE204S5” scenario and
the assumptions regarding the development of the con-
crete technology paths of the individual key technolo-
gies. The KNDE204S scenario was selectively updated
to take the expansion of renewable energies and elec-
tromobility into account. The “KNDE2045” scenar-
io is based on the number of new automobile registra-
tions calculated in the study “Climate-neutral Germany
20457; in other words it only takes into account quan-
tities that are necessary to cover domestic demand. The
tull version of the study provides a comprehensive data

overview across these different scenarios.
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3. Key Challenges

r1G. 03 Supply risks for critical raw materials in strategic transformation technologies
The three very critical raw materials (lithium, heavy rare earths, iridium) and the four medium critical raw
materials (nickel, cobalt, graphite, light rare earths) will reach their maximum demand in 2030/2035.

A. Lithium-ion batteries for vehicles B. (PEM) Electrolyzers
Lithium (kt/a) Nickel (kt/p.a.) Iridium (t/p.a.)
25 100 0,5
20 80 0,4
15 60 0,3
10 40 0,2
5 20 0,1
0 0 0
2020 2030 2040 2020 2030 2040 2020 2030 2040
Cobalt (kt/p.a.) Graphite (kt/p.a.)
25 250
20 200
15 150
10 100
5 50
0 0
2020 2030 2040 2020 2030 2040

c. Permanent magnets for vehicle motors and generators in wind turbines

Heavy rare earths: dysprosium, terbium (t/a)

Vehicles power Wind
250 250
200 200
150 150
100 100
50 50
0 0
2020 2030 2040 2020 2030 2040

Light rare earths: Neodymium, praseodymium (t/p.a.)

Vehicles power Wind
1.250 2.500
1.000 2.000
750 1.500
500 1.000
250 500
0 0
2020 2030 2040 2020 2030 2040

Prognos, Oeko-Institut, Wuppertal Institute 2023
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3. Key Challenges

For purposes of this study, manganese (lithium-ion bat-
teries) and scandium (high-temperature electrolyzers)
are categorized as moderately critical. Copper, titanium,
gallium, germanium, yttrium and platinum: According
to the investigations that this study is based on, these
raw materials are strategically relevant for the transfor-
mation to climate neutrality by 2045, but are not critical.
The quantification of the iridium demand was based on
areduction in raw material intensity of up to 90 percent

compared to today.

Figure 3 clearly shows the quantities that will be need-
ed between now and 2045 to meet the demand for the
seven medium critical and very critical key raw materials
lithium, cobalt, nickel and graphite (battery raw materi-
als), light rare earths and heavy rare earths earth (perma-
nent magnets in electric vehicles and wind turbines) and

iridium (PEM electrolyzers).
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All the raw materials shown here will reach their maxi-
mum demand in the years 2030 to 2035, mainly due to
the rapid expansion of key technologies over the next ten
years. As of 2035, the expansion of most technologies
will stagnate (e.g. wafer-based photovoltaics, electric ve-
hicles) or will even start to decline (offshore wind). In
addition, increasing material efficiency can reduce the
specific raw material demand per installation. This ef-
fect is particularly evident in the case of PEM electro-
lyzers. In contrast to the other technologies presented,
the demand for these systems will continue to increase
after 2030. However, because of the assumed reduction
in the use of raw materials of approximately 90 percent,

the overall requirement will decline.

The increase in demand up to the year 2030 underscores
the urgent need for action. This applies not only to the
seven medium critical and very critical raw materials,
but also to their downstream supply chains for the pro-
duction of lithium-ion batteries, permanent magnets

and PEM electrolyzers.
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4. Strategies and measures for a
resilient transformation to achieve
climate neutrality by 2045

Following the previous section’s analysis of which sup-
ply chain stages present the greatest supply risks for
strategic key technologies, this section outlines possible
measures that can serve to increase security of supply

and strengthen resilience.

This includes in particular the following demand-driven

and supply-side measures:

Production ramp-up in Europe: This measure
essentially affects all stages of the value chain. Due
to the limited geological availability of most critical
raw materials, a strengthening of the European
mining sector is only possible for a small number of
raw materials. This measure therefore applies

primarily to downstream stages of the value chain.

Diversification of partner countries: This
measure has an effect primarily on supply risks on
the raw materials side. The proposals for
prioritizing countries are made on the premise that
the analysis reveals realistic opportunities for raw
material and technology partnerships with
Germany and the EU.

The main criteria for this are the following:

Reserves: Relevant reserves exist, and ideally
production projects are already in operation or are
at least in advanced planning stages (time

component!).

Experience: Countries with experience in mining
and processing such as Canada, Australia, Brazil,
Chile are particularly advantageous, mainly because
projects in those countries can be implemented
faster, local authorities can apply their experience,

and there is higher potential for skilled workers, etc.
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Infrastructure: A sufficient transport infrastruc-
ture exists or is being developed: Deep-water ports
with corresponding capacities are particularly
relevant in this regard. This makes storage facilities
near the coast and with good connections to
existing road and/or rail infrastructure particularly

attractive.

International relations: The countries in question
already have good political relations with Germany
and the EU or are at least open to an intensification

of economic relations,

No war zones or crisis regions: These countries
do not contain designated war zones or crisis

regions.

Recycling of critical raw materials: With some
exceptions, for example in the recycling of battery
production waste, these measures are only effective
in the longer term, since many technologies remain
on the market for several decades after the initial

ramp-up before they become available for recycling.

Reduction of raw material intensity: This is
generally achieved by research and development or
through automation and the development of
industrial production methods. This measure
reduces domestic demand and normally only has

an effect in the medium to long term.

Alternative technologies: Shifting to technologies
with a lesser need for critical raw materials — for
example by using nickel, manganese and cobalt-free
LFP batteries.

Below is a summary of the main measures and strate-
gies for a resilient transformation to climate neutrality
by 2045 with regard to the identified key technologies.
More detailed information on this is available in the full

version of this study.
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4.1. Photovoltaics

Production ramp-up in Europe: The most important
measure in photovoltaics is the development of domestic
production capacities along the entire supply chain in Eu-
rope. According to the Net-Zero Industry Act, at least 40
percent of production capacity is to be produced domes-
tically in Europe by 2030. The major barriers here are the
lower production costs (up to 30 percent) in the U.S. and

China due to high levels of government subsidies.

Recycling: Significant potential in the area of recycling
will only come into play as of 2035 / 2040, as the mod-
ules have a long lifecycle and are only available for re-
cycling in the longer term. Recycling processes for the
recovery of polysilicon and solar glass is currently still

being developed and tested.

Diversification of partner countries: The scale of the
diversification potential, on the other hand, is difficult
to predict because the possible capacities, for example in
the U.S. and India, are only just being developed, and it is
likely that efforts will go meeting domestic demand first.
Reduction of raw material intensity: The reduction in
material intensity, while it has an effect on the raw ma-
terials side, does not have an effect on the market power

in the downstream supply chain.

Alternative technologies: In addition to wafer-based
PV modules, alternative technologies could be used as
well. With regard to thin-film modules, however, lower
efficiency factors mean a high market share may not be
likely. Perovskite or organic cells are still under develop-
ment and in the short term cannot make a contribution

to bolstering resilience.
4.2. Wind power

Keeping production in Europe: Under the Net-Zero
Industry Act, a target was set that would require 85 per-
cent of wind turbines to be manufactured in Europe by
2030. In principle, this target is achievable because, in

contrast to photovoltaics, there is already a substantial
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industrial base for wind power in Europe. The most im-
portant measure for maintaining a high share of Europe-
an production is providing support for the upscaling of
production facilities, as well as for the ramp-up of capac-
ities, in particular in the capacity range of 12 MW and
more for the offshore sector. So far, large offshore wind
farms only have a small production capacity; and this

needs to be expanded quickly.

In addition, the development of a European supply
chain for permanent magnets is key to increasing resil-

ience (see section 4.4 Permanent magnets).

Reduction of raw material intensity and alternative
technologies: By increasing the use of gears, it is possi-
ble to reduce the demand for rare earths in permanent
magnets by approximately 65 percent. However, this
also reduces the efficiency of the systems and could lead
to higher overall costs, and thus to a greater weakening of
European manufacturers, who already have significant

cost disadvantages relative to Chinese suppliers.

Recycling: The recycling of rare earths from permanent
magnets will only gain relevance from 2035 onwards,
due to the lifecycle of the systems.

4.3. Lithium-ion batteries

Production ramp-up in Europe: Under the draft of
the Critical Raw Materials Act, ten percent of the raw
materials and 40 percent of the processed raw materials
are to be covered by European production capacities by
2030. In addition, the EU target for this sector stipu-
lates that by 2030 approximately 90 percent of the re-
quired battery cells be manufactured in Europe. In the
medium term, mining in Europe is possible, starting
around 2026 for lithium (Germany, Finland, France
etc.), nickel and cobalt (Finland) and graphite (Nor-
way). For the refining of lithium, capacities in Germa-
ny, Poland and Finland will be built up in the medium
term starting in 2024. There are already projects un-
derway in Germany and Poland for the production of

cathode material. At the gigafactories, large plants for
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the production oflithium-ion cells are planned, already
built or already in operation in numerous EU coun-
tries (Hungary, Poland, Germany, France, Sweden, etc.,
35 GWhin total). Taken together, with the realization
of a majority of the projects in this sector, a production
capacity of >1000 GWh per year could be reached in
Europe by 2030.

Diversification of partner countries: For battery raw
materials, active materials and battery cells — especial-
ly lithium iron phosphate cells (LFP) — achieving a
stronger differentiation of supplier countries is neces-
sary and also viable. Existing partnerships with coun-
tries such as Chile should be expanded, while new coop-
erative projects with Australia, Canada, Ghana Namibia

and others should be developed.

Recycling: Within the next five to 15 years, the recy-
cling of lithium-ion batteries will start to take on an in-
creasing significance for supply. The groundwork was
laid with the new EU Battery Regulation, which is soon
to take effect. In order to optimally develop the enor-
mous recycling potential for lithium, cobalt, nickel, etc.,
massive investments in the entire recycling infrastruc-
ture for lithium-ion batteries in Germany and the EU are
necessary in the medium and long term, some of which

have already begun.

Alternative technologies: For the time being (at least
until 2030/2035), lithium-ion batteries will be the dom-
inant technology for traction batteries in electric vehi-
cles. Technological alternatives such as sodium-ion bat-
teries in particular still need time for development and
ramp-up. The actual future market potential cannot yet

be reliably forecast at this point.

Reduction of raw material intensity: Especially at the
product level, an optimized material intensity with re-
gard to critical raw materials for batteries can be achieved
through smaller batteries (avoidance of oversized batter-
ies to address the often exaggerated “range anxiety”) and
by a smaller number vehicles on the road (change in the

modal split towards public transport), as well as by the
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trend toward smaller and lighter vehicles with reduced

energy consumption.
4.4. Permanent magnets

Production ramp-up in Europe: The European Raw
Materials Alliance has set the ambitious target of 20 per-
cent self-sufficiency in the EU by 2030 for the rapidly
growing market for permanent magnets (neodymium
iron boron magnets). The main challenges here lie in
the existing know-how and cost advantage of Chinese
companies, as well as in creating an optimal capacity for
businesses and skilled workers in Europe. It is impor-
tant to develop both of these areas in Europe at a rapid
pace. An important step in this area was the launch of an
EU-funded investment project in Estonia (magnet facto-

ry including upstream production stages).

Diversification of partner countries: With regard to
the value chain for permanent magnets, since for the
foreseeable future Europe will remain dependent on
the import of raw materials, intermediate products and
strategic goods, a central measure is the creation of a
more diversified supplier country structure. With this in
mind, Germany and Europe should commit to further-
ing intensified joint transformation partnerships (coop-
eration on technology and raw materials) with suitable
countries both in the Global North (especially Canada
and Australia) and in the Global South (e.g. Namibia,
Malawi, Colombia).

Recycling: Up to 2030, the recycling potential will re-
main very low, but will increase sharply after 2030, with
supply initially coming from end-of-life vehicles and
somewhat later from decommissioned wind turbines.
The recycling of permanent magnets and rare earths is
an area of research and development that still needs to
be supported. The first small recycling plants for perma-
nent magnets in the UK and Germany will become op-
erational in 2024. The recycling of permanent magnets
is principally a promising option, since 30 percent of the
weight of these magnets is made up of rare earth ele-

ments, which are again needed for the manufacturing of
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new magnets. This advantageous elemental concentra-
tion is not offered by any of the many natural raw mate-

rial deposits worldwide.

Alternative technologies: Although electric motors
for vehicles that function without permanent magnets
are on the market, due to the technological advantages
of electric motors that use permanent magnets (lower
weight and volume, higher rate of electrical efficiency),
at the moment they occupy only a niche. Experts there-
fore see only moderate potential for alternative electric
motors (without permanent magnets) in the medium
and long term. In the area of wind turbines, gearless sys-
tems that use permanent magnets have clear advantag-
es, especially in the case of particularly large offshore
wind farms. As a result, with regard to the use of perma-
nent magnets, and thus the rare earths that are needed
for them, no relevant relief can be expected here either .
Reduction of raw material intensity: The reduction in
the use of heavy rare earths in magnetic alloys has in
large part already been explored. Even in the long term,

there is only limited further potential in this area.
4.5. Electrolyzers

Reduction of raw material intensity: By far the most
important strategic task lies in bringing about a reduc-
tion in the specific material requirement for iridium for
PEM electrolyzers. Supported by R&D and innovative
processes, it is possible to reduce the use of iridium by

up to 90 percent.

Production ramp-up in Europe: Based on the targets
of RePowerEU, a production capacity for the construc-
tion of electrolyzers of around 17.5 GW (relative to hy-
drogen production and calorific value) can be expected
to be achieved by 2025. The low demand that has so far
existed for water electrolysis systems has been met in the
manufacturing sector and in small series production. In
order to meet the rapidly increasing demand, it is essen-
tial to develop a gigawatt electrolysis industry with serial
production, to achieve a high degree of automation and

to make use of economies of scale. The expected increase
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in production capacity is already becoming evident. It
must now be ensured that the announced projects are

implemented and further expanded.

Diversification of partner countries: Iridium extrac-
tion is highly concentrated on South Africa, followed to
a much lesser extent by Zimbabwe and Russia. A diver-
sification of the supplier countries would lead to an only
negligible increase in resilience. The main problem is not
so much the country concentration, but rather the fact
that global extraction is not likely to increase. Iridium is
only obtained as a by-product (in very low concentra-

tions) of platinum extraction.

Recycling: Recycling of key raw materials from used
electrolyzers (in particular iridium and platinum as well
as titanium) only offers a viable perspective in the long
run, albeit one that can already be initiated today. Re-
search efforts into this field are already underway in Ger-

many.

Alternative technologies: Alkaline electrolyzers (AEL)
as a possible alternative to PEM electrolyzers currently
have a market share of 70 percent and do not use any
critical raw materials such as iridium. Due to their rel-
atively low efficiency, however, they require more elec-
tricity and can be operated less flexibly. Such flexibility
is particularly needed for electricity systems that use a
very high proportion of renewable energy sources. Ad-
ditional alternatives would be high-temperature electro-
lyzers (HTEL) or anion exchange membrane electrolyz-
ers (AEM). These technologies, however, are currently
only at the pilot stage, and future market penetration is
still uncertain. HTEL also require scandium, 75 percent
of which has so far been mined in China. Here, however,
diversification of supply to include countries such as the
United States, Canada, but also EU countries (Finland,

Sweden, Greece) is a possibility.
4.6. Heat pumps

Production ramp-up and keeping production in Eu-

rope: Today, production capacity in Europe is already at
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19 GW. Based on the targets of the Net-Zero Industry
Act, at least 85 percent of newly installed systems are to
be manufactured in Europe by 2030. This corresponds
to a production capacity of around 31 GW and a nec-
essary increase of SO percent relative to today. Manu-
facturers expect an overall significant market growth in
Europe and are expanding their capacities accordingly.
In order to cover this ramp-up as well as the necessary in-
vestments, there must be reliable framework conditions
in place for bringing about a reduction of greenhouse
gases in the building sector. Decisive factors for Germa-
ny’s further perspective up to the year 2030 are the Ger-
man Energy Act for Buildings (Gebiudeenergiegesetz,
GEG) and an increase in CO2 pricing that is predictable
for all stakeholders.

Alternative technologies, diversification: It is possi-
ble to use electromagnets (induction motors) instead of
permanent magnets for motors of the compressors and
circulation pumps. Investigations are still needed into
how further technical development can offset the disad-
vantages of induction motors (partially lower efficiency,
somewhat higher sound volume). To date, the topic of
permanent magnets in heat pumps has hardly been sci-

entifically studied.

In addition, the development of a European supply
chain for permanent magnets is key to increasing resil-

ience (see section 4.4 Permanent magnets).
4.7. Steel

Production ramp-up and keeping production in Eu-
rope: In light of the impending supply bottlenecks in
plant construction, speed is of the essence in construct-
ing shaft furnaces for direct reduction with hydrogen
(DRI plants) in Germany. Political stakeholders can sup-
port this development in particular through foresighted
infrastructure expansion and financial support, as a sup-
plement to the Carbon Border Adjustment Mechanism
(CBAM), as well as by supporting the ramp-up of alead

market for green steel.
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Recycling: In the steel sector as well, a strengthened sup-
ply of domestic secondary material is the best insurance
against import dependencies. In order to achieve this,
however, scrap sorting must be greatly improved, espe-

cially in the automotive sector.

Diversification of partner countries: Germany should
also have an interest in a secure DRI supply, also through
imports. This could be supported by measures to pro-
mote the development of supply relationships or liquid
markets, for example through credit protections. Fixed
supply contracts for green DRI with Sweden are one
possibility. In the medium term, opportunities for di-
versification should arise as soon as projects have made
progress on the Iberian Peninsula, in Australia, Brazil
and Africa. Liquid global markets for green DRI would
be preferable from an efficiency standpoint, although it
is not clear whether a robust development in this area
would be possible in light of the protectionism that is
particularly virulent in the steel sector.

4.8. Conclusion

For all prioritized key technologies, it was possible to
identify relevant measures from the following five areas
to achieve an in increase in resilience. The most impor-

tant examples are briefly summarized below.
Production ramp-up in Europe

Shifting the value chain back to Germany and Europe, or
developing a new value chain here, is essential for large
parts of the PV value chain. Particular efforts should go
toward strengthening the market shares for the produc-
tion stages of ingots, wafers, PV cells and PV modules
for the market-leading technology of wafer-based pho-
tovoltaics. Europe currently has very little production
capacity in these areas, and a significant increase in pro-
duction capacity in the EU by 2030 is of strategic impor-
tance with an aim to increasing resilience and reducing

dependencies.
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With regard to the value chain for lithium-ion batteries
(electromobility), the necessary development of a Eu-
ropean value chain through financing (from EU, Ger-
man government, etc.) of “gigafactories” and upstream
stages (lithium refineries, cathode material production
etc.) has already begun. Despite current challenges such
as that posed by the United States’ Inflation Reduction
Act, these activities must be continued in a consistent
manner and expanded to include raw materials extrac-
tion within Germany and the EU (the focus here is pri-

marily on lithium).

Likewise, groundwork must be laid for building and bol-
stering relevant production capacities in Europe for the
value chain of permanent magnets (processing of rare
earths, extraction of rare earth metals and extraction of
neodymium iron boron magnets) as well as for electro-
lyzers and DRI steel.

Diversification of partner countries

The diversification of partner countries (outside of the
EU), especially with regard to the supply of raw mate-
rials and intermediate products, is a second important
pillar of building resilience.’ Of absolutely importance
is, on the one hand, the strengthening of economic ties
with established partners such as Chile (lithium, cop-
per), Canada (lithium, nickel, rare earths), Australia
(lithium, rare earths, nickel, cobalt), Brazil (graphite,
lithium, manganese). On the other hand, with an aim
to further expanding the diversification of supplier
countries, the development of new raw material and
technology partnerships with countries in the Global
South is highly recommended. Examples of countries
that could enter into possible future cooperation pro-
jects are Ghana (lithium), Indonesia (nickel, cobalt),
Namibia (rare earths, lithium), Malawi (rare earths,
incl. heavy rare earths) and Colombia (rare earths,
nickel). The table above shows examples of (poten-

tial) countries that supply key raw materials. The ta-

3 General criteria for prioritizing supplier countries outside
the EU are listed at the beginning of this main chapter.
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ble makes no claim to completeness. Furthermore, it
is important to note that, following Indonesia’s exam-
ple, more and more countries will not export non-pro-
cessed raw materials. This allows the respective coun-
tries to increase the share of added value in their own
country by carrying out the further processing stages
of raw materials themselves. Here it is important to de-
velop fair partnership models in the sense of true trans-
formation partnerships that are developed “at eye lev-

el”, i.e. on equal terms.
Recycling

Recycling, as the third important pillar for strengthen-
ing resilience, is initially relevant in terms of timeline
for the recovery of battery raw materials such as lithi-
um, cobalt, nickel and copper. The first recycling plants
have begun operations in Germany and Europe, and
the upcoming adoption of the new EU Battery Regu-
lation will lay out an ambitious regulatory framework.
Efforts must now be redoubled to continue necessary
measures to increase recycling activities in order to
exploit the large recycling potentials that will emerge

starting in 2030 and beyond.

Recycling is also of major strategic relevance with re-
gard to permanent magnets (rare earths). In this area,
however, more effort has to be devoted to research and
development and towards advancing the corresponding
technological innovations for the recycling processes in
order to tap into the full recycling potential. The EC’s
proposal for the Critical Raw Materials Act and the revi-
sion of the EU End-of-Life Vehicle Directive also creates
important regulatory framework conditions that must
be supported. The recycling of PV modules and mate-
rials from electrolyzers (titanium, iridium, platinum) is
also an option, which however will only gain relevance
as of 2035.

Reduction of raw material intensity

Innovations in the area of reducing the raw material in-

tensity by increasing the material efficiency of specific
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taBLE 01 Potential partner countries for building and deepening transformative industrial and
investment partnerships, to securing and processing key raw materials for the transformation

to climate neutrality.

Raw materials

Australia Lithium, light and heavy rare

earths, nickel, cobalt

Comments

Extensive lithium extraction and mining of rare earths already
underway

Graphite, lithium, manganese

Mining or exploitation (lithium) of tailings already underway

Lithium, copper

Extensive lithium and copper mining, lithium extraction is to be
expanded already underway

Lithium

No extraction yet, mining project is planned

Indonesia Copper, nickel, cobalt

In particular, existing nickel and cobalt extraction is to be
robustly expanded.

Lithium, nickel, cobalt,
rare earths

Canada

Lithium extraction, which so far has been very low, is to
be expanded. Rare earth mining projects in planning and
development stages.

Colombia Rare earths, nickel

Expansion of nickel extraction planned, reserves for rare earths

Light and heavy earths

No extraction yet, mining project is planned

Graphite

Madagascar

Existing mining extraction

Mozambique Graphite

Existing mining extraction

Namibia Light and heavy earths, lithium

No extraction to date; projects in planning and development
stages.

South Africa Manganese, iridium, platinum

Most important mining producer for the three raw materials

Zimbabwe Iridium, platinum

Existing mining; however, significantly lower extraction
compared to South Africa

soUrceE Own compilation Oeko-Institut based on (U.S. Geological Survey, 2023)

components are particularly relevant for the future ex-
pansion of production of PEM electrolyzers. A signif-
icant reduction in the specific iridium requirement of
PEM electrolyzers is an absolute prerequisite for the
successful mass production of this technology, which is
crucial for the development of a global hydrogen econ-
omy. In the area of permanent magnets, there is at least
moderate potential for reducing the content of heavy
rare earths through innovations in magnet production.
Heavy rare earths are categorized as very critical for the

purposes of this study.
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Alternative technologies

Alternative technologies are emerging within the lith-
ium-ion battery product family or are have already be-
come ready for the market. Notable in this context is
the expanded use of low-cobalt NMC811 batteries on
the one hand, and above all, of nickel, cobalt and man-
ganese-free LFP batteries on the other. Other alterna-
tives that are currently under development and may
become relevant after 2030 are solid-state batteries or

sodium-ion batteries.
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5. Policy Recommendations

Based on the investigations into the demand and the
supply side for the technologies that are particularly im-
portant in the context of this study, the project team has
identified the following possible strategies and instru-
ments for increasing the resilience of the relevant sup-
ply chains. An in-depth examination of the individual
instruments was beyond the scope of this study. The
following initial reccommendations are instead intended
to define a framework in which the possible effective-
ness and priority applicability can be further explored
in subsequent studies, with the aim of achieving a ro-
bust strengthening of the resilience of important supply

chains for the transformation.

Introduce comprehensive resilience
monitoring

For all of the value and supply chains defined in this
study as priorities (PV, wind power, permanent mag-
nets, batteries for electromobility, electrolyzers, DRI
steel and heat pumps), it is advisable to introduce resil-
ience monitoring, which at regular intervals, once a year
for example, can provide political and economic deci-
sion-makers with relevant information on strategic value
chains. It is important that the entirety of the respective
supply chains be analyzed with regard to their vulnera-
bilities and resilience, that this is carried out from both
a German and a European perspective and that the in-
formation is quantifiably supported as far as possible.
Resilience monitoring requires its own institutional an-

choring.

Create stable sales markets for transforma-
tive key technologies

The creation of a reliable domestic market in Germany
and the EU is essential for all key technologies, also from
the perspective of resilience. Various individual instru-
ments are of relevance to achieve this. This includes the
creation of attractive framework conditions for markets,

i.e. regulatory measures (regulatory law, CO2 pricing, in-
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frastructure expansion and subsidies) that are as stable
and predictable as possible, the support of green lead
markets, a foresighted effort to secure skilled workers,
expedited planning and approval processes, the reduc-
tion of burdensome bureaucracy as well as the develop-
ment and continuation of clear export strategies (e.g. in

the field of renewable energies in offshore wind power).
Establish resilient content requirements

Resilient content entails the establishing of standards
and qualities such as specifications regarding the car-
bon footprint or environmentally and socially respon-
sible supply chains. The new EU Battery Regulation, for
example, already includes provisions for specific target
years. The instrument could be used to limit the import
of goods that are produced under low environmental

and social standards.

More in-depth investigations into this relatively sensi-
tive instrument are necessary with regard to the value
chains that have been categorized as priorities. Con-
formity with WTO rules, for example, is relevant. The
criterion could be used in different ways, for example
by way of bonuses in tender procedures or feed-in tar-
iffs (based on the staggered model of the Inflation Re-
duction Act), or also as a qualitative criterion in corre-

sponding auctions.

In the area of offshore wind power, resilient content
specifications could help to establish a long-term per-
spective for production commissioning, in particular for
European-coordinated expansion paths. Tenders should
also be designed to prioritize the use of European tech-
nology. This could also be an important contribution to

designing the necessary export strategy.
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Facilitate purchasing groups For strategic
raw materials and goods

Bundled purchasing groups could strengthen the position
of German and European companies on the global market
thanks to their added purchasing power. Today, antitrust
law can prevent the formation of such purchasing groups.
In the interest of strengthening supply chains and com-
panies, the possibility of adjusting antitrust law should be
examined.

Strong representation of domestic business
location policy in the area of strategic raw
materials and goods

The basic premise of this overarching supply-side strat-
egy is that creating resilience insurance for future trans-
formations comes at a cost. For strategic supply chains,
which are indispensable for a resilient and future-proof
economy, domestic market players will have to receive
robust support through additional financial means dur-
ing a transitional period, to protect them from structur-
ally unfair competition coming from outside the EU
(market advantages as a result of various state subsidies,
taxes and levies, undercutting of environmental and so-
cial standards, etc.). This support should continue until

a truly level playing field is reached in this area.

Initially, investment subsidies (CAPEX) should be tak-
en into consideration. Well-known examples are IPCEI
projects, i.e. investments classified by the EU as “Impor-
tant Projects of Common European Interest”, which are
particularly eligible to receive support. The determina-
tion of eligibility for funding for the establishment of a
business location should be based not only on regional

criterial, but also and in particular on resilience factors.

Anaddition supply-side instrument used by the EU is the
“Just Transition Fund”, which provides special funding
for investment projects for regions particularly affected
by transformation. A current example is the funding of
a magnet factory in Estonia (construction incl. prelimi-

nary stages have recently begun) within the framework
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of the Just Transition Fund. The Lusatia region in Ger-
many, which was particularly affected by the phase-out
of coal production, would certainly be a prime example
of aregion that can present persuasive arguments for re-

ceiving corresponding investments.

In addition to CAPEX funding, OPEX funding (time-
limited) may also be necessary. This instrument should
take into account all energy-intensive productions for
priority value chains that have massive competitive dis-
advantages in terms of operating costs compared to com-
petitors outside of Europe. This may be very relevant,
for example, with regard to battery cell factories, plants
for the production of permanent magnets and also cer-
tain parts of the value chain for photovoltaics and the
production of green steel. One component of such an
OPEX funding could be an industrial electricity price
that is set for a limited time period, or limited to certain

industries or processes.

In principle, a financially supported policy to resettle in-
dustries as described above can help to strengthen value
chains in Europe, and also contribute to a more efficient
domestic production by giving impetus to economies

of scale.

Expand and strengthen transformation
partnerships on equal terms

For a number of products such as lithium-ion batter-
ies, permanent magnets and electrolyzers, analyses have
shown how important it is to have more diversified sup-
ply relationships with countries outside the EU. With-
in the context of this study, general criteria have been
formulated for a pre-selection of countries in both the
Global North and the Global South. These partnerships
should by no means only be limited to the procurement
of raw materials, but should instead also focus on inter-
mediate products and end products. The establishment
of so-called transformation partnerships on equal terms
(“at eye level”) is key to ensuring that the diversification
strategy is also successful in the long term. Countries of

the Global South (e.g., Indonesia, Namibia) in particular
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will make future economic cooperation dependent on a

greater participation in the value chain.

Germany should definitely combine these new partner-
ships on raw materials and technology with educational
and research collaborations that give substance to these
partnerships and ensure that they take place on equal
terms. One of the recommendations arising from this
study is to undertake more in-depth investigations of the
proposed countries over the next few months in order to

determine their specific suitability for such partnerships.

Early-stage capacity building in the
recycling industry

For a number of strategic raw materials such as lithium,
nickel, cobaltand copper from batteries, rare earths from
permanent magnets, the end-of-life material flows that
will increase in the future (e.g. from de-registered vehi-
cles, decommissioned wind turbines) represent an at-
tractive domestic source of supply for strategic raw mate-
rials in the medium and long term. The European metals
recycling industry operates at a world-classlevel in some
areas (e.g. copper and precious metals). This optimal
starting point must be bolstered with suitable regulato-
ry instruments to support “new” or currently growing
recycling infrastructures (such as for lithium-ion batter-
ies, permanent magnets, and later also for PV modules
and electrolyzers). The EU Battery Regulation, which
will soon come into force, has paved the way with collec-
tion targets, material-specific end-of-life recycling quo-
tas (for lithium, etc.) as well as recycled content speci-
fications for batteries that are to enter the market in the
future. It is now of paramount importance to robustly
implement enforcement in all EU countries over the
next few years in order to achieve the ambitious goals
that have been set.
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The draft law of the Critical Raw Materials Act has set
important parameters for the future recycling of perma-
nent magnets and rare earths in the EU. Another impor-
tant set of rules that is currently in revision process s the
EU End-of-Life Vehicle Directive. One of the specific ar-
eas of focus relates to specifications for the dismantling
and processing of electric motors (permanent magnets).
Other accompanying instruments to support recycling
within the EU are design requirements (see EU Eco-De-
sign Directive), R&D funding for new innovative recy-
cling processes or even export restrictions for strategic
(intermediate) products from recycling processes. A
current example is the related discussion regarding re-
strictions on the possible export of the valuable “black
mass’, an intermediate product that comes from the re-

cycling of lithium-ion batteries.

Even if recycling will only supply Europe with relevant
amounts of strategic raw materials in the medium term
(as 0f 2030) or long term (as of 2035), the instruments
for tapping into this potential must be launched within

the next three years.
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The transformation to climate neutrality requires a rapid and decisive
investment and modernization program in Germany and the EU.

A resilient supply with necessary raw materials and strategic goods

is an elementary prerequisite to be successful. In this context, new
geopolitical challenges must be taken into account in such a way that
Europe and Germany do not become susceptible to blackmail and the
necessary political freedom for sovereign action is preserved.

The study of the Climate Neutrality Foundation identifies crucial
weak points for strategically important transformation industries
along the entire value creation and supply chain. It provides answers
for politics, business and society on how to increase resilience to
exogenous shocks.

The Climate Neutrality Foundation was established to develop robust
cross-sector strategies for a climate-neutral and -fair Germany. Based
on sound research, the foundation aims to inform and advise—beyond
individual interests.

On behalf of the

Climate Neutrality
Foundation

Under this QR code, the
publication “Securing Germany's
Sovereignty—Resilient supply
chains for the transformation

to climate neutrality by 2045"
as well as further studies

by the Climate Neutrality
Foundation are available online
for download.

long version: condensed version: fact sheets:




