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Future-proofing Germany’s supply of minerals is key to
safeguarding the country’s viability as a business
location. Securing the supply of these resources is relevant
particularly for the development of frontier technologies. It is
also paramount for limiting potential supply risks that may
adversely affect dependent economic sectors. This applies to
the entire value chain from production to recycling. Raw
materials that are processed into goods and then imported
also play a role. A study commissioned by KfWW Research from
IW Consult and Fraunhofer IS| analyses the raw material-
related value added and supply risks along the production and
supply chains for selected raw materials copper, lithium and
rare earth minerals.

High dependencies exist in sectors that dominate
manufacturing in Germany. The study quantifies the value
creation and employment that rely on raw materials in
Germany. In the manufacturing sector, 30% of gross value
added involves the production of goods containing copper,
10% is accounted for by goods containing lithium and 22% by
goods containing rare earths. There is a particularly high level
of dependency on copper and rare earths in the manufacture
of electrical equipment, electronic and optical goods and
automobiles. The automotive and automotive parts industry is
heavily dependent on all three raw materials and at the same
time an important cornerstone of the German economy.

Each raw material has a specific profile marked by dif-
ferent country risks and degrees of market concentration
along the value chain. Based on the country-of-origin
concentration of imported goods containing raw materials and
the average country risk, nearly one third of the goods im-
ported by Germany that contain lithium and 19% of the value
of imports containing copper and rare earths are deemed as
exposed to risks. In each case, more than 50% of imports at
risk are sourced from China.

To secure the supply of raw materials, private sector and
government can adopt a range of measures aimed at
mitigating the risks of short-term supply shocks and
preventing long-term supply bottlenecks. Given the hetero-
geneous risk profiles of mineral raw materials, suitable public
support could include cross-cutting measures that benefit all
raw materials. These could be supplemented by a modular
system which raw materials could access in accordance with
their risk profile. In-depth and robust information is necessary
for targeted state measures. These include the future develop-
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ment of demand and supply as well as the potential of risk-
mitigating factors, for example through further technological
developments. Specifically, this means:

— For copper, globally diversified production at the early
stages of value added processes significantly reduces the
risk of short-term supply scarcity. However, the necessary
capacity expansion faces obstacles. An existing market for
secondary copper is an important balancing factor that can
still be further developed.

— Lithium extraction is highly concentrated and, despite
multiple production routes across a range of countries, is
vulnerable to geoeconomic disruptions owing to its crucial
role in battery production. At the same time, capacity is
being expanded as a priority around the world. Possible
diversification pathways include expanding procurement
sources and research and development of substitution
technologies such as sodium-ion batteries.

— The risks for rare earths are directly linked to China’s high
degree of specialisation and market share in extraction and
processing. Here, the focus is on diversifying and strength-
ening the underlying conditions and, at pilot level, recycling
approaches.

While the risks for copper can be mitigated through diversifi-
cation and substitution, these options are currently difficult to
assess for lithium and rare earths, and mainly depend on
technological progress.

Resource availability is crucial for value creation in
general and for the twin transformation in particular
Germany is closely integrated into a global network of pro-
duction linkages. When raw materials required at the begin-
ning of global value chains are missing, the negative effects
spread along the production linkages and reduce economic
activity and trade. The supply shocks that emerged at the start
of the COVID-19 crisis made this particularly evident." The
Ukraine war then illustrated the geopolitical dimension of raw
materials supplies. The sanctions imposed in the course of the
Ukraine war and the geopolitical weaponisation of energy
supplies by Russia forced the EU to modify its energy imports
in the short term in terms of both their composition and
countries of origin. The twin transition to a climate-neutral and
digital economy both in Germany and worldwide is making the
issue of raw materials security even more important. Demand
is expected to grow particularly for mass metals such as
copper, but also for special metals such as lithium, rare earths
and cobalt. In this respect, Germany is heavily dependent on
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imports of many mineral resources that are essential not just
for its traditional industries but also for the energy transition
and digitalisation. The danger of the formation of new
geopolitical blocks amid Germany’s substantial economic
connections with the US and China makes it necessary to
prepare for both economic and geopolitical shocks and secure
the supply of raw materials to be able to achieve the intended
climate and digitalisation targets.

A study commissioned by Kf\WW Research examined the signifi-
cance of raw materials for value added in Germany and the
current situation around the supply of raw materials. The
analysis was conducted by IW Consult and Fraunhofer ISI and
focused on three selected minerals — copper, lithium and the
group of rare earths —, each of which are of key relevance for
digital and climate technologies. The various dependencies
and supply risks for these raw materials result in a number of
implications for the private sector and government to improve
raw materials supply security. After all, high vulnerability is not
set in stone and can be reduced with various approaches.

Raw materials supply in times of polycrisis and in the
historic context

The Ukraine war and COVID-19 pandemic have prompted the
EU and Germany to pay more attention to the issue of making
value chains resilient to supply shocks and bottlenecks.
Country risks play a relevant role for the availability of mineral
resources. Thus, the countries that produce those minerals
can limit their exports — be it for economic reasons to bolster
downstream processing stages or out of geoeconomic consi-
derations. One prominent example is the conflict between
China and Japan over rare earths in the year 2010. The
OECD has found that the imposition of export restrictions
including export taxes on critical raw materials has increased
more than fivefold in the past ten years.? Of the three minerals
under review here, lithium is subject to the fewest and copper
to the most restrictions. In addition, there may be restrictions
on the export of technologies used in the extraction and
processing of raw materials, with the most recent example
being China's announcement of export bans on rare earth
production technologies.?® The security of Germany’s raw
materials supplies was an issue even well before the COVID-
19 crisis and the Ukraine war. The oil crises of the 1970s also
shifted the focus on other resource dependencies in a similar
way as the issue of energy security in the wake of the Ukraine
war.4 Germany’s high import dependency was determined for
various raw materials, even if lithium and rare earths did not
yet play a role at the time. The first raw materials strategy of
the Federal Government was then presented in 2010. It aims
at ‘Securing a sustainable raw materials supply of non-energy
mineral resources for Germany’.%

A close look at the entire value chain is warranted
Looking at raw materials security, the focus usually lies on
ensuring supplies and, hence, on import risks. The entire raw
materials value chain from extraction to recycling and recovery
plays a role here. Therefore, raw materials that have already
been processed into goods must also be taken into account.®
The relevant analyses concentrate on determining import de-
pendency and supplier concentration of primary raw materials
and early processing stages, in part supplemented by the
economic significance of the raw materials or their use in key
technologies for the dual transformation.” The EU’s method-
ology for determining criticality considers, for example, the
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economic significance measured by the contribution which the
raw materials make to value added in the sector of final con-
sumption in combination with economic substitution
possibilities.® For the EU, light rare earths have the highest
and lithium the lowest economic significance of the minerals
under consideration here. All three minerals, however, by far
exceed the threshold above which they are deemed critical for
this dimension.®

Should supply bottlenecks occur, however, this would affect
the entire value chain of the raw material up to the final
products. The COVID-19 crisis illustrated that supply shocks
at the beginning of value chains can continue to industries
being near the final consumers.'® Ultimately, raw materials are
used primarily as production inputs, and their absence
potentially has systemic consequences."!" This also distin-
guishes them significantly from energy resources as they do
not influence the use of existing goods, as in the case of oil,
for example, but their production. 2

The present analysis explores not just the supply-side risks
and raw material imports but the value added and jobs in
Germany that rely on the production of goods containing
copper, lithium and rare earths (see Box 1).

Box 1: The raw materials value chain disentangled

Raw materials and refined products are used at the begin-
ning of value chains or later added to processing stages
leading to finished capital goods and consumer goods. Their
absence would impact on all downstream processing stages
with negative effects on the value added there and the
necessary labour employed. That makes it necessary to
examine all stages of goods and value creation in which the
raw material or raw material-containing input is processed.

The value chain of a raw material comprises the raw material
itself, initial processing stages and inputs up to finished con-
sumer and capital goods. The corresponding observations
are based on substance flow analyses used to identify
material flows (see Figure 1).'® With this method, the study
commissioned by KfW Research classified goods as being
dependent on the three minerals copper, lithium or rare
earths under review as soon as the corresponding mineral is
processed in a product.’ The volume of minerals contained
in the goods is unimportant because even small quantities
may be essential for their manufacture.

The supply risk is determined on the basis of country con-
centration and average country risk. However, the country of
raw material production and the registered office or office of
the most influential shareholder are not always identical,
which may alter the assessment of country risks.'® Further-
more, the analysis focuses on the country risk posed by the
direct suppliers. As a result, the country risk tends to be
underestimated as soon as these are other EU countries that
have no raw materials production of their own.
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Figure 1: Greatly simplified illustration of a substance flow
analysis
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Source: Based on Matos, C.T. et al. (2020), Material System Analysis of five
battery-related raw materials: Cobalt, Lithium, Manganese, Natural Graphite,
Nickel, EUR 30103 EN, Publication Office of the European Union,
Luxembourg, 2020, p. 7.

Copper and rare earths are more important for
manufacturing in Germany than lithium

Goods containing copper, lithium or rare earths are manufac-
tured in a range of sectors. Thus, copper has many different
applications and is used in pest control agents, fittings, clocks,
cables, cars and ships. Lithium is found in things like tyres,
glasses, rechargeable and non-rechargeable batteries and
vehicles. Rare earths are processed in industrial gases, pro-
ducts of iron foundries, rechargeable and non-rechargeable
batteries and in the motor vehicle and aerospace industries.

The manufacture of mineral-containing products can be
allocated to the corresponding economic sectors. This makes
it possible to identify the value created in the manufacture of
goods containing copper, lithium and rare earths and the
labour required.'® The analysis is carried out separately for
each mineral, although products may contain multiple
minerals. For the year 2022, the analysis revealed that in
Germany

— The manufacture of goods containing copper accounted for
30% of gross value added in the manufacturing sector
(EUR 216 billion). Around 24% of the manufacturing
workforce was employed in this (1.8 million workers).
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— Around 10% of value added in the manufacturing sector
(EUR 69 billion) and 6% of the manufacturing workforce
(480,000 employees) were dependent on the manufacture
of goods containing lithium.

— 22% of gross value added by the manufacturing sector
(EUR 161 billion) was generated in the production of goods
containing rare earths. Around 17% of the manufacturing
workforce (1.3 million employees) were employed in this.

Manufacturing generated around 20% of nominal gross value
added in 2022 (services: 69%) and accounted for 16% of the
country’s workforce (services: 75%)."” However, the industrial
and services sectors are closely intertwined, with 8.8% to
11.5% of overall economic value added attributable to the
inter-linkage between industry and services.'®

The automotive industry as the largest segment of the
manufacturing sector is heavily reliant on minerals

The individual sectors exhibit very different levels of reliance
on copper, lithium and rare earths. Some sectors can reach
comparatively high shares of gross value added that is reliant
on copper and rare earths, in particular (see Figure 2). For
example, 86% of value added in the manufacture of electrical
equipment is dependent on copper, and 67% of value added
in other transport equipment relies on rare earths. In the case
of lithium, the high share of mineral-dependent value added —
around 45% — is concentrated in the manufacture of motor
vehicles and vehicle parts.

Figure 2: Relevance of copper, lithium and rare earths for
economic sectors in Germany

Percentage shares of raw materials-dependent gross value added in total value
creation of each industry, 2022
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Sources: Bahr, C. et al. (2024), Kritisch fur die Wertschopfung —
Rohstoffabhangigkeit der deutschen Wirtschaft (Critical for value added —
German industry’s raw materials dependency — our title translation, in German),
study for KfW Group, prepared by IW Consult and the Fraunhofer Institute for
Systems and Innovation Research. KfW Research.
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In some sectors, gross value added relies on all three
minerals under consideration, while other sectors have a more
specific dependency:

— The largest segment of the manufacturing sector as
measured by gross value added, automotive construction,
uses all three minerals extensively to create value. Value
added in the automotive and vehicle parts industry is
substantially dependent on copper (74% of gross value
added by the industry), rare earths (65%) and lithium (45%).

— Gross value added in the areas of electrical equipment,
electronic and optical products and chemicals, too, relies on
all three minerals, although the share of lithium-dependent
value added is much smaller here than for copper and rare
earths. The chemicals industry has very little dependency
on any of the three minerals. The value created by these
three industries is relatively resource-dependent, and
combined they make up a substantial 21% of gross value
added by manufacturing in Germany.'®

— Mechanical engineering and metals processing, the second
and third largest economic sectors, are less dependent on
the minerals under consideration. Products containing
copper or rare earths, however, play a role in value added
in mechanical engineering as well as metal production and
processing. Mechanical engineering relies on products
containing copper to a significant extent.

— The production of furniture and other goods — which also
includes the manufacture of medical and dental equipment
and materials and seats for aircraft and motor vehicles —is
highly dependent on rare earths. Goods containing lithium
as well as products containing rare earths play a certain role
in value creation in the area of rubber and plastic goods. In
glassware and ceramics, rare earths tend to be more
relevant than lithium.

The size and dependency of the sectors on raw materials is
also reflected in the composition of raw materials-dependent
value added and employment by sector, with the manufacture
of motor vehicles and parts accounting for the highest share.

Imports containing copper, lithium and rare earths make
up half of the value of goods produced with these
minerals in Germany

In analysing the importance of raw materials for Germany’s
economy, imports of primary raw materials and raw material
products at the early processing stages are relevant, but also
imports of further processed goods. Hence, the level of
dependency at all processing stages matters. After all, it is not
only about production but about meeting final demand with
capital goods and consumer goods. Even in a very open
economy such as Germany, which had a ratio of imports to
nominal GDP of 49% in 202220, production value exceeds the
value of imports of resource-dependent goods as well. Thus,
across all stages of value added, the ratio of raw materials-
containing imports to raw materials-dependent production
value?' is around 1 to 2. For lithium and rare earths, Germany
is 100% dependent on imports in the early processing
stages.?? The EU is also 100% dependent on imports of
lithium and rare earths and 44% on copper at the level of
mining output.?3

The significant differences in import dependency at various
stages of processing are due to the value creation process
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and import pattern. Thus, the value of further processed
imported goods such as permanent magnets, solar panels and
batteries is much higher than the value of the critical primary
resources contained in them and the early processing
stages.?* First of all, this reflects the fact that value is added in
further processed goods and second, that the EU imports only
relatively few primary raw materials for further processing
within the economic area, tending instead to import products
that have already been processed further to meet demand.

The main countries of origin of imports containing copper,
lithium and rare earths reflect Germany’s import relations
overall — with the exception of the role of the
Netherlands?(see Figure 3). The highest shares of goods
containing copper, lithium and rare earths are imported from
China and the US. At the same time, these are the most
important individual countries for goods imports for Germany
overall. Within Europe, relatively close links also exist with the
direct neighbours France, Poland and the Czech Republic,
both for raw materials-dependent imports and in general.
Spain is among the five most important countries of origin for
goods containing lithium imported into Germany. The country
shares for resource-dependent imports tend to be higher than
the overall import shares, which suggests a certain degree of
specialisation and division of labour.

Figure 3: The five main countries for imports of goods
containing raw materials

Shares in import value in EUR in per cent, 2022
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Sources: Bahr, C. et al. (2024), Kritisch fir die Wertschopfung —
Rohstoffabhéngigkeit der deutschen Wirtschaft (Critical for value added — raw
materials dependency of German industry — our title translation, in German),
study for KfW Group, prepared by IW Consult and the Fraunhofer Institute for
Systems and Innovation Research, Federal Statistical Office, KfW Research.

Almost one third of the value of imports containing
lithium and just under one fifth of imports containing
copper and rare earths are classified as at-risk

The substantial volume of imports containing copper, lithium
and rare earths in relation to production value and the signifi-
cant shares of the main import countries make it expedient to
analyse the supply-side risks for imports containing raw mate-
rials across all stages of the value chain (see Box 2). Depend-
ing on the degree of completion of the imported goods, other
areas of the economy are potentially affected if a supply-side
risk materialises. Missing inputs such as circuit boards and
semiconductor elements affect production and value creation
in Germany itself and can disrupt the entire value chain



through multiplier effects. A shortage of capital goods would
directly affect final demand and future production potential if
they are not substituted over an extended period of time. A
lack of consumer goods is also relevant to final demand.
Consumer goods also include pharmaceutical goods, and a
shortage of these can directly impact on supply security in
healthcare.

Nearly one third of the value of imports containing lithium is
deemed to be at risk (Figure 4). This is mainly due to the high
concentration on a few supplier countries, while the average
country risk is deemed moderate. For copper and rare earths,
19% of the import value is at risk. For these two minerals, too,
the classification is a result of the concentration of import
countries, whereas the average country risk is moderate in
both cases.

A breakdown by minerals, inputs and final products shows
different patterns of at-risk input value for the three minerals.
For copper the import share at risk increases along the value
chain. For lithium it is mainly the inputs and for rare earths it is
the mineral imports themselves that are classified as at-risk.
But for these two minerals, too, 23% and 17% of the import
value of the final products remains classified as vulnerable.

Figure 4: At-risk imports of goods containing raw materials

Shares in import value in per cent, 2022
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Source: Bahr, C. et al. (2024), Kritisch fur die Wertschépfung —
Rohstoffabhangigkeit der deutschen Wirtschaft (Critical for value added —
German industry’s raw materials dependency — our title translation, in German),
study for KfW Bankengruppe, prepared by IW Consult and the Fraunhofer
Institute for Systems and Innovation Research. Rendition: KfW Research.
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Box 2: Identifying vulnerable imports

Within the present study, the at-risk imports were identified
on the basis of market concentration and average country
risk in accordance with the Worldwide Governance Indicator
(see Figure 5). Where market concentration or the average
country risk turn out high and the respective other indicator is
at least moderate, the input value of the good is classified as
at-risk, in other words, fraught with risk.

Figure 5: Classification grid for vulnerable / at-risk imports

Country concentration measured by the Herfindahl-Hirschmann index,
Country risk measured by the average Worldwide Governance Indicator

high =
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Source: Bahr, C. et al. (2024), Kritisch fuir die Wertschépfung —
Rohstoffabhangigkeit der deutschen Wirtschaft (Critical for value added —
German industry’s raw materials dependency — our title translation, in
German), study for KfW Group, prepared by IW Consult and the Fraunhofer
Institute for Systems and Innovation Research, illustration: KfW Research.

As risk is assessed purely on the basis of market concen-
tration and average country risk in accordance with the
World Governance Indicator (WGI), there are limits to how
the results can be interpreted. On the one hand, a
concentration on few source countries tends to be uncritical if
other potential supplier countries exist with which trade
relations can be initiated at short notice. On the other hand,
the WGl is only one approach to assessing country risk and,
thus, the probability of supply bottlenecks. For example, an
increase in protectionist tendencies can also jeopardise
supplier relations even if the country risk is classified as low
on the WGL.
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China has great significance for at-risk imports of goods
containing minerals

Vulnerable imports are predominantly procured from China,
which supplies Germany with 55% of imported copper-
containing goods and 58% of goods containing lithium and
rare earths (see Figure 6). Poland also provides a consider-
able proportion of vulnerable imports across all stages of the
value chain.

Figure 6: Countries of origin of vulnerable imports

Shares of vulnerable import value in per cent, 2022
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Source: Bahr, C. et al. (2024), Kritisch fur die Wertschépfung —
Rohstoffabhangigkeit der deutschen Wirtschaft (Critical for value added —
German industry’s raw materials dependency — our title translation, in German),
study for KfW Bankengruppe, prepared by IW Consult and the Fraunhofer
Institute for Systems and Innovation Research. lllustration: KfW Research.

China’s important role for at-risk imports becomes even
clearer when we consider the share of imports of goods
classified as vulnerable sourced from China:

— For copper-containing goods imports, China is the most
important country of origin for 83% of vulnerable goods and
for 86% of the vulnerable import value. For example, 61% of
padlocks, 86% of data devices and 68% of vacuum
cleaners come from China.

— China is the most important country of origin for around two
thirds of the vulnerable groups of goods containing lithium
and 85% of their import value. The country supplies 49% of
lithium-ion batteries and 87% of mobile phones.

— China is the main source country for almost 80% of goods
classified as vulnerable and for 89% of their import value.
For example, 82% of rare earth metals, 55% of glassware
made from glass ceramics and 84% of permanent magnets
are procured from China.

China’s great importance for imports that rely on copper,
lithium and rare earths is also reflected in Germany’s
economic dependencies on China overall, as analysed in
studies on the economic dependencies of Germany and the
EU beyond raw materials:

— Flach et al. (2021) concluded that around 3% of the
industrial goods which Germany relies upon come from
China, spread across a range of sectors from chemicals to
textiles.?8

— Zenglein (2020) identified 103 product categories for which
the EU is critically dependent on Chinese imports, particu-
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larly in the areas of electronics, chemicals, minerals / metals
and pharmaceuticals / medicine.?’

— Sandkamp et al. (2023) have determined that for 127 of

more than 6,000 products examined, China and Taiwan
together account for more than 80% of German imports.22
These are primarily technical devices such as laptops,
mobile telephones and computer units, where China’s world
market share is around 75%. However, textile products
such as particle-filtering half-masks, bicycle parts and
organic chemicals, medicines and vitamins, minerals
including rare earths are mainly procured from China.

— Arjona et al. (2023) have concluded that China is the main

country of origin for 64 of the 204 goods which the EU relies
upon in critical ecosystems (58% of their import value).
Irrespective of country of origin, goods on which a strategic
dependency exists are allocated to the areas of chemical
and related industries, mechanical devices and electrical
equipment, non-precious metals and their products, mineral
products and precision instruments and medical
equipment.?®

Preventing potential supply shortages or reducing risks
For one thing, shortages of primary raw materials and raw
material-containing imports can emerge in the short run when
unexpected events such as strikes, natural disasters,
pandemics or geopolitical events occur. They mainly represent
exogenous supply shocks for Germany and can involve one or
more supplier countries of raw materials at once. Nonetheless,
risk-mitigating factors can be identified. These include, for
example, diversifying import countries, domestically producing
primary raw materials and sourcing and further processing
secondary raw materials, and stockpiling.

For another, shortages can emerge over the long term when
global demand for raw materials grows faster than their supply
— all other things being equal. If the market price is unable to
balance supply and demand, supply must be rationed. In that
case, a precautionary increase in supply — whether for primary
raw materials, in the form of secondary raw materials or by
substitution — would reduce the probability of such a scenario
occurring. Regulatory and long-term industrial policy develop-
ments in the countries where the materials are extracted and
refined also play a role. Reducing demand is also helpful to
prevent supply shortages. Box 3 discusses the development
of supply and demand for copper, lithium and rare earths. In
the following, we will take a closer look at various aspects of
the risk profiles of the three minerals such as country concen-
tration and longer-term demand trends as well as risk-mitigat-
ing factors such as substitution options.

In the study commissioned by KfW Research, the statements
on the short- and longer-term risks to supply and potential
impacts on value creation in Germany are based on quanti-
tative analyses and supplemented by a qualitative analysis on
the basis of structured interviews with market stakeholders
from the areas of copper, lithium and rare earths.



Box 3: Level of international climate ambition is crucial
in determining global demand trends.

Copper, lithium and rare earths are of crucial strategic
importance for the green transformation and the expansion
of digitalisation. The expected development of global de-
mand closely correlates with the respective level of ambition
on climate action and sustainability.3® Nonetheless, demand
for copper is also heavily influenced by the business cycle
through manufacturing and construction activities.

The IEA predicts demand for copper to grow at a rate of 24%
from 2022 to 2035 — assuming existing and announced
policies are implemented as intended (see Figure 7).3" The
main drivers are the manufacture of electric vehicles and
expansion of electricity grids in connection with the
development of renewables. Demand for neodymium, which
belongs to the group of light rare earths and is used to make
magnets, is expected to soar by 58% by 2035. Demand for
lithium, the ‘white gold’ of electric mobility, is even expected
to skyrocket by 230%.

Demand predictions vary widely for the three minerals under
review. For copper it is uncertain whether supply will be able
to meet the expected growth in demand in the medium term.
Not enough high-quality large-scale projects are currently
under preparation. Furthermore, incremental costs are rising
as existing mining companies in Chile face decreasing ore
content in deposits and water scarcity. The IEA therefore
sees potential for the copper market to flip to a supply deficit
after 2024.

In order to drive the expansion of lithium production, it will
be necessary to identify new production locations. In the five
years leading up to 2022, annual lithium extraction was mas-
sively expanded from just under 50,000 tonnes to 130,000
tonnes of lithium content.®? Indeed, the supply of lithium is
currently even growing faster than demand, a trend that has
led to short- to medium-term excess capacity in the course of
2023 (particularly for Chinese lithium-ion batteries) and a
sharp drop in prices.3® Given that demand is forecast to rise
dramatically in the long term, however, Schmidt (2023)
predicts a significant supply deficit with negative market
coverage for the European market in 2023. This would also
be the case in a scenario in which the supply of lithium from
recycling sources rises significantly.3*

To meet demand for rare earths in the future, the main
priority will be to set up alternative production locations
outside China based on broad availability, with a focus on
the US, Australia, Finland, Sweden and the Baltic states in
Europe. But even expanding extraction in China has its
limits. Chinese consumption has already exceeded the
allocated production quotas in the past.3® The resulting
market deficit is being covered by undocumented extraction,
including imports from Myanmar. Expanding global produc-
tion is being challenged by China’s dominant position in the
separation of the individual elements.3¢

Focus on Economics

Figure 7: Estimated growth in global demand for selected
minerals by 2035
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Sources: IEA, KfW Research

Vulnerabilities in the early stages of the value chain merit
particular attention because of Germany’s high
dependence on raw materials imports

Supply shocks can occur in all stages of the value chain and
continue all along the individual processing stages. The
geographic concentration of mineral deposits and production
in the early stages of the value chain — extraction and refinery
— and the associated country risks are decisive in shaping the
starting situation. Figure 8 presents the concentration of global
production in the largest (top 1) and three largest (top 3)
producers of copper, lithium and rare earths in the stages of
the value chain for extraction and refining output:

— Copper has the lowest country concentration. At the level of
copper refining, however, one country accounts for just
under 40% of production: China. In the case of lithium, the
high concentration is mainly distributed among the top 3
producers, with Australia accounting for 48% of mine
production and China for 63% of refined production. The
extraction and refining of rare earths are concentrated even
more strongly in the largest producer — China.®’

— If we include data from the International Energy Agency
(IEA), the same applies to lithium and rare earths: Country
concentration tends to increase with the processing stage.
Market concentration of refining exceeds that of extraction
for all three minerals.

— Market concentration on the three largest producers has
hardly changed over the past three years. However, the
largest copper and lithium mining countries have recently
lost production shares.
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Figure 8: Geographic concentration of production increases
with the processing stage
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Sources: Bahr, C. et al. (2024) based on USGS (2023)%, IEA (2023), KW
Research.

Copper production is sufficiently diversified but some
suppliers carry substantial weight for Germany

On average over the years 2016 to 2020, Germany imported
around 70% of the copper ore and concentrate obtained at the
beginning of the value chain from Peru, Chile and Brazil (see
Figure 9). The imports of these minerals demonstrate the high
share of these South American countries in mining activity.
With 28% of mining output, Chile is the world’s largest copper
producer. In recent years, however, Chile’s dominant position
has weakened somewhat, while production in Ecuador and
the DR of Congo achieved high growth rates.3® There is great
uncertainty in estimating new production capacities on the
basis of planned projects or mine expansions According to the
DERA, Peru, the DR of Congo and Russia account for more
than half of new production capacity up to 2025.4°

Supplier country concentration rises substantially already in
the first stage of further processing, the conversion of copper
ore to copper concentrate. China accounts for around 40%,
the largest share of global production. Copper is also refined
in Germany (2.5% of global production). For further processed
intermediate metallurgical products which, however, only have
low import value based on copper content in kilotons, Bulgaria
dominates as a source country of German imports (see Figure
10). Bulgaria procures copper ore and concentrate from
Georgia, Turkey and Brazil.*! Finally, Germany also imports
large amounts of copper metals such as copper cathodes.
Russia supplied 27% of these on average over the years 2016
to 2020. The EU countries Poland, Finland, Belgium and
Sweden together supplied just under one half of copper
imports in this stage, but this reflects only direct supplier
relations (see Box 4).
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Figure 9: Germany’s imports of tradable products related to
copper, lithium and rare earths

Shares of direct supplier countries for imports of selected tradable products of
early processing stages, annual average for 2016-2020 in per cent
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Lithium production follows two routes — each with high
concentration and, hence, vulnerability to supply shocks
Lithium extraction and processing comprises multiple process
routes from which products can be generated that are of equal
quality but differ greatly in their processes and geographical
routes:

— First, brine is obtained from underground salt lakes through
evaporation, from which lithium concentrate is subsequently
extracted. In this brine process route, which is mainly used
in what is known as the South American lithium triangle
(Bolivia, Chile, Argentina), chemicals are used to process
the concentrate to lithium hydroxide for export.*?

— Second, hard rock lithium deposits are mainly extracted in
Australia and, to a lesser extent, in Canada, the US and
Africa using open-cast mining methods.*3 The lithium ore
thus obtained is processed to concentrate and traded
internationally. Much of the ore concentrate is exported to
Asia, especially China, where it is processed into inter-
mediate products for batteries (lithium carbonate, lithium
hydroxide). China also exports these compounds itself and
uses both own deposits and imported inputs.**

Germany is 100% dependent on lithium imports. With respect
to the trading product lithium carbonate, Chile was the most
important country of origin for Germany between 2016 and
2020 (see Figure 9). Belgium plays a role as a transshipment
point (again, more than 95% comes from Chile, but secondary
production is also located here). Direct imports from China
take a modest share of 2%. There are no import statistics for
the interim product lithium hydroxide/oxide. However, China
supplies nearly 70% of global exports, followed by Chile with
11%.4°



Figure 10: Import value varies by trading product
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Rare earths: High dependence on China generates supply
chain vulnerability

While rare earths occur in large quantities around the globe,
processing the ores and separating the individual oxides is a
complex task and takes place only at a handful of production
locations, 57% of which are in China, 16% in the US and 13%
in Myanmar. In addition, China has a significant if declining
share in undocumented production (at least 5% of official
production in 2021).%6 In the processing, the concentrate
yields chemicals and, in further stages, metals which are
internationally tradable intermediate products. These can then
be used to manufacture catalytic converters, alloys and
magnets as intermediate and final products.

On average in 2016 to 2020, around half of the rare earth
chemicals imported by Germany and as much as 84% of rare
earth metals came directly from China (see Figure 9).
Probably because of a locally domiciled company of the
chemical and metallurgical industry, Austria ranks second in
the EU for imports of rare earths and therefore occupies an
important position as a supplier for Germany. In a number of
further processed rare earth products, China’s import share
exceeds 90%.47

Country factors and geoeconomics influence supply-side
risks, conditions also play a key role in long-term
capacity expansion.

The supply-side risks for individual minerals are associated
with high country concentration and are not static but can be
influenced by global as well as local developments. At the
same time, there is steadily rising global demand for specific
minerals for the transition to clean energy technologies and
the expansion of digitalisation. On the one hand, this can be
expected to create more intense competition for relevant
minerals and, potentially, the formation of alliances with like-

Focus on Economics

minded trading partners. On the other hand, the ambition to
step up efforts to develop more of the value chain at home is
also being increasingly put on the political agendas in the
Global South. Accordingly, geopolitical tectonics are of crucial
importance for diversifying procurement of raw materials in the
future.

Box 4: Albeit a decisive player in raw material supply
chains, Asia is underrepresented in Germany’s trade
statistics.

International trade is of great importance along the copper
value chain. Most copper concentrates from South America
are smelted in Asia and processed into pre-products in
Europe, which roughly represents the middle of the value
chain.*8 This is followed by the production of intermediate
and final products such as cable harnesses.

The importance of Asian countries, particularly China, for
Germany’s imports of further processed intermediate
products is not evident in the trade statistics under direct
supplier countries. It is plausible that EU countries serve as
transshipment points for such supplies from Asia.

Asia has a very large market share on the downstream
stages of the lithium value chain. Whereas China accounts
for only 6% of lithium deposits and 15% of mining output, the
country dominates more than 70% of the global market for
lithium-ion batteries.® The key role of Asia overall and China
in particular in the further processing into final products is
primarily evident in Germany’s imports along the value chain,
particularly for finished lithium-ion batteries (68% from China,
Korea and Japan).®® The DERA predicts that most of the
further processing of lithium carbonate will remain in the
Asian region up to 2030. Besides, China is likely to maintain
its share in the further processing of Australian concentrate
to lithium hydroxide.

The value chain is different for rare earths, as it is consis-
tently marked by high geographic concentration on China
and, in part, Myanmar. Germany also imports a large portion
of these minerals directly from China.

The following vulnerabilities may lead to short-term
supply scarcity in the international market:

— For copper, the vulnerabilities include political uncertainties,
strikes, unrest) and physical risks (extreme weather events,
drought in connection with water-intensive extraction) in the
main production countries. As was illustrated by the
production stop as a result of political unrest in early 2023 at
the Chinese-owned Las Bambas Mine in Peru, which
accounts for 2% of global production,5! short-term supply
shocks can definitely have an effect on world market prices
for copper. From today’s perspective, a short-term scarcity
could be offset using diversified production chains.

— Short-term shocks in the lithium supply chain could
generally be less easily offset than for copper. However, the
two main process routes in principle provide options for
diversification (brine in Latin America and hard rock in
Australia).

— All along the value chain for rare earths, the dependencies
and (geo)political risks are primarily linked to the dominant
position of China. To a certain extent, this also applies to
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the further processing of copper and the refining and further
processing of lithium.

Longer-term development of global supply depends on
national decisions in the mining countries

In addition, regulatory, political, socio-economic and environ-
mental factors influence the framework for investments that
are needed to expand production capacities. Failure to
implement investment projects can lead to the long-term
relocation of production to other countries or a reduction in
output from proven suppliers.

— One factor for shifting production is the effort of many
resource-rich countries to localise a larger part of the value
chain. The still rather unsuccessful attempts by the Chilean
government to increase local copper smelting capacity are
one example.5? Australia, too, is working to develop more of
the lithium value chain. 53 Such a shift will not necessarily
lead to a shortage in the supply of the mineral but could
increase pressure on Germany to import more processed
products.

— Chile’s prominent position in the early stages of the value
chain is under pressure for both copper and lithium. In
lithium production, Chile’s market share has recently
decreased compared with other exporting countries, among
other things because complex contract award methods
have hampered new projects.?* Furthermore, the
evaporation method is already being affected by growing
water scarcity. The water quantity required to produce one
tonne of lithium is estimated at approx. 2,000 m2.%% It is
estimated that South American lithium production will shift
more strongly towards Argentina by 2030.% Another
question is whether lithium production can keep up with
global demand, particularly given the expansion of electric
mobility in China.%”

— Developments in the supply of rare earths are mainly
determined by China’s economic and industrial policy focus.
For example, quota regulations on quantities required to
remain in the country (for the production of magnets) could
gradually reduce export quantities. Global diversification
would benefit from the development of alternative extraction
sites, which would be possible given that deposits are
generally widely distributed. However, the need for environ-
mental compliance makes this a difficult endeavour. The
expansion of rare earths processing capacity in the US
since 2018 will probably create limited diversification for the
European market as it is designed to meet domestic
demand. Vertical integration requires a long planning
horizon.

Risk mitigating factors exist for copper, technological
progress is a key component for lithium and rare earths
There are differences in existing and potential approaches for
mitigating risks for copper, lithium and rare earths in the short
and longer term. These are summarised in Table 1. Besides
geographic diversification of mineral imports, the following
questions are of particular concern: Does Germany or the EU
produce primary raw materials, or do deposits exist to set up
such a production? Are secondary raw materials available?
What options for substitution and potentials for efficiency
improvements exist? Is stockpiling an option?
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Domestic primary raw materials are largely unavailable or
not developed, while copper can build on processing
facilities.

At present, Germany does not produce any of the three
minerals.

— Europe has 6% of the known natural deposits of copper,
which are spread relatively widely around the globe. Most of
them are in North and South America.

— Germany has 3% of naturally occurring lithium deposits,
which are generally extractable but have not yet been
economically developed. Around the globe, South America,
the US and Australia have large deposits.

— Rare earths comprise a group of individual oxides with
extensive deposits spread around the globe (480 million
tonnes). However, processing the ores and separating the
individual oxides is a complex task and takes place at only a
handful of production sites. Germany does not have any
meaningful primary deposits.

— Considerable copper processing capacities exist in
Germany, and there are also lithium processing capacities
which must be developed. There is no relevant processing
of rare earths in Germany, and imports mainly involve
processed products such as alloys, powders and magnets
as a product group.

As secondary raw materials, copper is abundantly
available, lithium will be in future, and rare earths are not

When metals are refined not just from mining products but
from scrap, this is referred to as secondary refinery. On the
one hand, a high share of this is a further source of raw
materials, which represents a diversification of available
inputs. On the other hand, the availability of secondary raw
materials presupposes a preceding value creation process
and technical recyclability.

— Around 50% of copper refined in Europe comes from
secondary copper gained from scrap copper, which is also
exported. Even if the share for Germany is lower, the
availability of secondary copper is a considerable risk-
mitigating factor from a European perspective as quantities
otherwise exported can be redirected to uses within Europe
in case of supply disruption. On a global scale, secondary
copper makes up around 17% of refinery production, and
here as well, China is the largest player.%®

— There is significant secondary lithium production in Europe.
Looking further ahead, however, battery recycling is an
additional source with potential for capacity expansion.
According to Schmidt (2023), pilot battery recycling plants
are gearing up for major quantities of traction batteries to be
returned and fed back into the production process.®
According to McKinsey, recycling lithium-ion batteries could
provide around 6% of global lithium production by 2030.°

— Pilot or demonstration projects also exist for rare earths
recycling in Germany. Their feasibility is mainly based on
closed-loop cycles of individual product variants (Japan) or
established primary raw material extraction (China). There
are technological and economic limitations to a sufficiently
broad secondary raw material production.



Table 1: State-of-play and possible approaches for mitigating /

avoiding / preventing risks

Copper Lithium Rare earths
Situation
Germany: N.A. 100% 100%
dependency on
imports
Domestic No No, but No
production of deposits exist
primary mineral (3%)
Domestic Yes, large Existing No
processing capacities capacities
under
development
Diversification of High Medium Low
procurement
Diversification of Rather high Low Low
imports of
processed goods
Risk-mitigating factors
Availability of Yes R&D on Pilot projects
secondary raw circular only
materials economy with
long timeframe
Options for Yes, for Difficult owing Yes, but lower
substitution specific (price- | to purity efficiency
sensitive) requirements
products,
aluminium,
plastics,
stainless steel
Efficiency Possible in Already Little, as
improvements principle efficient, DLE efficiency
process allows | already at
small leaps maximum
forward
Stockpiling Yes No, as No, as
technically processing
volatile facilities
lacking.
Greater import Diversification Possible Possible to a
diversification in early stage very limited
of VC high extent only,
already requires new

extraction sites

Source: KfW Research based on Bahr, C. et al. (2024), Kritisch fur die
Wertschépfung — Rohstoffabhangigkeit der deutschen Wirtschaft (Critical for
value added — German industry’s raw materials dependency — our title
translation, in German), study for KfW Group, prepared by IW Consult and the

Fraunhofer Institute for Systems and Innovation Research.

Options for substitution and more efficient processes
often require years of research

— Substitutes exist for copper: depending on use, this can be
aluminium, plastic or stainless steel. In price-sensitive
products, these are used in response to high copper prices
or price volatility.

— The substitution of lithium is the subject of intense research.

Given the demands of the mobility sector, lithium is still
deemed a non-substitutable mineral. Purity requirements
(battery-grade lithium) make substitution a challenge as
well. The development of alternative grid storage applica-
tions is focusing on sodium-ion technology whose proper-
ties, however, make it suitable only for low-capacity uses.
But it will likely take at least another decade before new
battery concepts are commercially established.

— Existing options for substitution of rare earths in magnets or

sensor technology still come at the price of high efficiency
losses. Current approaches are aimed more at substitute
technologies (such as motors for electric cars and wind

generators that do not rely on rare earths).

Focus on Economics

— The supply of primary raw materials can be expanded by
increasing material and resource efficiency. Lithium and
rare earth production processes are already deemed very
efficient. Further improvements are therefore likely to be
only minor. The efficiency of lithium extraction can probably
be moderately enhanced as direct lithium extraction ramps
up, especially with a view to the limiting environmental
factors of conventional brine extraction technology.

There are technical limits to building up stockpiles

A precondition for stockpiling is technological feasibility. While
copper is already being stockpiled there are technical limits to
the storage of lithium. Storing lithium and rare earths also ties
up large amounts of capital, so that any gains from risk mitiga-
tion must justify these costs. Furthermore, the actual storage
of these minerals is inexpedient when there are no further
processing capacities, as is the case for rare earths. If further
processed products are indeed stockpiled, it is necessary to
take into account the product life cycle and potentially frequent
changes in the product specifications required, for example for
rare earths.

The different risk profiles make developing a general
approach to securing the supply of mineral raw materials
a challenge

In order to improve raw material security, it would be advisable
to address both the supply and the demand side and to
improve the resilience of the economy in general.®? As the
analysis of copper, lithium and rare earths shows, there are
differences in the risk profile and risk-mitigating factors for
mineral resources. Accordingly, there are different implications
to be derived for the private sector and the state in finding the
right approach to supply risks and their reduction. This is
where mineral raw materials differ from energy raw materials
such as oil, which in the end are relatively homogeneous
goods, despite all differentiation into heavy and light oils, etc.
The requirements for mineral raw materials are very different
for the green transformation as well. Thus, compared with
other minerals, copper is particularly important for many of
these applications. Lithium is used in electric vehicles and
storage batteries, and rare earths are also used in wind
generators.53

With a view to the overall raw material value chain, in
Germany it is first and foremost the companies that are called
upon to put their supply and value chains on a robust footing
and take appropriate measures to ensure their supply of
necessary resources and resource-containing inputs. With
regard to government support, the heavily differentiated
requirements for individual raw materials make it appear
expedient to select measures that apply to all materials and
not to specific ones. Also conceivable is a modular system
that can be accessed by each of the raw materials in accord-
ance with their specific risk profile. In this way, the relevant
risk-mitigating factors can be more accurately taken into
account while reducing limiting factors. Lithium, for example,
cannot be stockpiled because it is unsuitable for storage, but
strengthening R&D is likely to benefit the development of
possible substitutions, for example for batteries. It is true that
rare earths are characterised by high market concentration
and China’s dominance of the market in the early stages of
the value chain. At the same time, there are insufficient
domestic processing capacities that would benefit from greater
import diversification. The latter is more relevant for further
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processed goods containing vulnerable imports of rare earths.
Irrespective of this, it remains important to pay close attention
to the supply security of raw materials for technologies
deemed particularly critical. However, the information
requirements regarding the future development of supply and
demand, including further technological developments, are
very high, so that a degree of openness to raw materials and
technologies is desirable.

Strengthening risk-mitigating factors

A number of proposals have been made for improving raw
material security in the EU and Germany, so several selected
aspects are reviewed here. The analysis thus far undertaken
generally highlights the need to strengthen risk-mitigating
factors by reducing the consumption of primary raw materials
as an initial starting point. This could be achieved by using
more secondary raw materials, substituting critical raw
materials and more efficient production. With a view to the
three minerals reviewed here, the following considerations can
be made:

— For copper, secondary raw materials and recycling are
already widely available, covering a substantial portion of
the supply. For lithium and rare earths, however, secondary
raw materials do not play a significant role yet in Europe.
Relevant potential exists for lithium from batteries, so that
their industrial-scale recycling is currently being tested and
developed. For rare earths, however, relevant projects are
still in the pilot and demonstration stage.

— Substituting these minerals requires both technological
capabilities and appropriately cost-effective and efficient
substitutes. In specific applications, copper can be substi-
tuted with aluminium, titanium, steel, fibreglass or plastic.*
In electrical applications, substitution with silver is not cost-
effective, but aluminium is already being used in the
transmission and distribution of electricity.®® Lithium can
potentially be substituted with calcium, magnesium, mercury
or zinc. Because of the requirements of the mobility sector,
lithium is currently regarded as non-substitutable in
batteries.®® However, sodium-ion batteries can be used in
specific applications. The existing options for the substitu-
tion of rare earths come with efficiency losses with respect
to both the minerals themselves and the technologies.®”

— A high degree of efficiency has already been determined for
lithium and rare earths. But as research and development in
technologies of the future is continuing, it cannot be ruled
out that alternative applications and further technological
developments will emerge.

Options for reducing the use of primary raw materials would
benefit from both basic research and applied R&D and, hence,
corresponding research funding by the state. Material and
resource efficiency is already being supported by the Federal
Ministry for the Environment, Nature Conservation and
Nuclear Safety (e.g. ProgResslll: BMUV, 2020). The
development and expansion of recycling systems, on the other
hand, is resource-specific, and the state can be seen as a
provider of support in the areas of coordination between
businesses, development of collection infrastructure and the
setting of standards for take-back or return obligations.
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Expanding procurement sources

The reduction of import risks can generally be achieved by
diversifying suppliers and supported by building up stockpiles.
For copper, lithium and rare earths, high supplier concentra-
tion was identified as a major source of risk. At the same time,
with the exception of rare earths, Germany procures the
critical raw materials that are used in at least five key
technologies and have a high market concentration from at
least four of the five largest global exporters, which amounts
to a relatively high diversification under the current
circumstances.® Nonetheless, each company needs to verify
whether its suppliers are sufficiently diversified. This also
includes cost aspects — coordination efforts, higher prices for
smaller purchase quantities — that need to be weighed against
expected loss of revenue from a supply shock.

Promoting and developing the further processing of primary
raw materials in Germany or Europe would be another way to
expand diversification. This would also eliminate the country
risk that explains some of the supply risks. Relevant
approaches include, for example, the project to extract lithium
from deep aquifers in the Upper Rhine Valley®®, plans for
extracting lithium from the Ore Mountains in eastern
Germany’°, the exploration of copper deposits in Lusatia” or
the discovery of rare earths deposits in Sweden.”? However,
the long time horizon, capital intensity and competitiveness of
production, environmental impacts and local acceptance must
be taken into account. Creating favourable conditions in this
area would be an explicit task of the state. With regards to
stockpiling as an approach to expand available supplies,
technological feasibility and the broader life cycle of the
respective raw material need to be taken into account.

Creating favourable conditions — a sovereign task

As is the case in other fields of business management, the
state in particular is called upon to create favourable
framework conditions here as well. This applies first and
foremost to the conditions at home. But in securing raw
materials supplies it also applies to international relations with
the source countries of primary raw materials and further
processed products. In the cooperation between states, the
primacy of the EU applies when it comes to foreign trade
policy measures. Germany has already entered into raw
materials agreements with Kazakhstan, Mongolia and Peru
and concluded raw materials partnerships with Australia,
Chile, Ghana and Canada. The heightened awareness of
geoeconomic risks to the supply of raw materials is expressed
in the German Federal Government’s China strategy, which
also makes reference to raw materials partnerships and
explicitly focuses on further processing capacities in the
producing country.

Company-specific measures and state support both rely on
having sufficient information about the global raw materials
situation, imports and the companies’ supply and value
chains. Given the production links, the need for information
goes beyond the immediate suppliers as shocks can spread
through the value chains. Likewise, economic linkages with
other countries are relevant across the entire value chain, as
the analysis of at-risk imports has shown. It is also necessary
to assess the risks. Assessing countries is particularly chal-
lenging in the current environment of geopolitical and geoeco-
nomic upheavals. For small and medium-sized enterprises,
the fixed costs of obtaining and assessing information play a



particularly large role, especially if they go beyond their direct
suppliers. Strengthening awareness of country risks along the
value chain and expanding information offerings can definitely
prove to be useful and help to align the risk assessments by
enterprises and society.

Outlook

Concerns about the supply of raw materials and their long-
term security are an old familiar phenomenon in Germany. But
the dual transformation, the rapid progression of which poses
a particular challenge for the supply of mineral raw materials,
is giving heightened urgency to raw materials security. This is
compounded by the geoeconomic changes and the stronger
emphasis given to the aspect of security in foreign trade
relations, leading to a reassessment of country risks for the
supply of raw materials.

The minerals copper, lithium and rare earths examined here
and their processing all along the value chain are relevant for
value creation and employment in Germany’s manufacturing
sector — if to varying degrees. This is particularly evident in a
sector analysis, which has shown that the largest segment of
the manufacturing sector by gross value added, the production
of motor vehicles and vehicle parts, is particularly dependent
on these three minerals.

Focus on Economics

The risks to the supply of raw materials and products contain-
ing raw materials result primarily from the concentration of
suppliers. Approaches to diversifying trading partners will
therefore be at the heart of strategic measures aimed at
enhancing the resilience of raw material supply chains in the
future as well. At the same time, the risk profiles and risk-
mitigating factors for securing the supply are different for each
raw material. Accordingly, the focus should rather be placed
on a balanced catalogue of measures than on any particular
instrument. This would have to be designed in such a way that
it helps businesses in various stages of the value chain to
responsibly manage supply risks for various raw materials and
helps to reduce these risks. One example of an overarching
instrument is to promote technological progress that may
provide outcomes in the area of substitution or material
efficiency. Finally, a favourable and steady enabling
environment would set the course for private investment in
resilient and future-oriented raw material supply chains.

Follow KfW Research on Twitter/X:
https://twitter.com/KfW

Or sign up for our free email newsletter and you won’t miss
out on any KfW Research publications.
https://www.kfw.de/About-KfW/Service/KfW-
Newsdienste/Newsletter-Research-(EN)/index.jsp

" Ullrich, K. (2023), Shocks, dependencies and trends — considerations on international production networks. KfW Research, Focus on Economics No. 428.

2 OECD Working Party of the Trade Committee (2023), Raw materials critical for the green transition: Production, international trade and export restrictions,

TAD/TC/WP(2022)12/FINAL.

3 Financial Times, China bans export of rare earth processing technologies, 21. Dec 2023, accessed via ft.com

4 Jageler, F.-J. (1974), Dependence on foreign raw materials, Intereconomics, ISSN 0020-5346, Verlag Weltarchiv, Hamburg, Vol. 09, Iss. 4, pp. 124-126,

https://doi.org/10.1007/BF02927323

5 German Federal Ministry for Economic Affairs and READIT technology (2010), Rohstoffstrategie der Bundesregierung: Sicherung einer nachhaltigen
Rohstoffversorgung Deutschlands mit nicht-energetischen mineralischen Rohstoffen (Raw Materials Strategy of the Federal Government. Securing a Sustainable Raw

Materials Supply of non-energy mineral resources for Germany — our title translation, in German).

6 Shiquan, D. and Deyi, Xu (2022), The security of critical mineral supply chains, Mineral Economics, https://doi.org/10.1007/s13563-022-00340-4

T EIA (2022), The Role of Critical World Energy Outlook Special Report Minerals in Clean Energy Transitions; Flach et al. (2022), How Dependent Is Germany on Raw
Material Imports? An Analysis of Inputs to Produce Key Technologies; Shiwei Yu, Haoran Duan, Jinhua Cheng (2021), An evaluation of the supply risk for China’s

strategic metallic mineral resources, Resources Policy 70; Vbw, 2022, Rohstoffsituation der bayerischen Wirtschaft (Raw materials situation of Bavarian industry — our
title translation, in German), Bavarian Industry Association; DERA — German Mineral Resources Agency at the Federal Institute for Geosciences and Natural
Resources (2023): DERA-Rohstoffliste 2023. — DERA Rohstoffinformationen 56: 122 p., Berlin; Menkhoff, L. and Zeevaert, M. (2022), Germany can increase its raw
material import security of supply, DIW Weekly Report 49+50/2022. An early overview can be found at Erdmann, L. and Graedel, T. E. (2011), The Criticality of Non-
Fuel Minerals: A Review of Major Approaches and Analyses, Environ. Sci. Technol. 2011, 45, 18, 7620-7630.

8European Commission (2023), Study on the EU’s list of Critical Raw Materials — Final Report.

9 For the economic significance including possible economic substitutions, the following values were determined: copper 4 points, heavy rare earths 4.2 points, lithium
3.9 points, light rare earths 5.9 points. The critical threshold was set at 2.8 points. European Commission (2023), Study on the EU’s list of Critical Raw Materials —

Final Report.

9 IMF (2022), World Economic Outlook: War Sets Back the Global Recovery. Washington, DC, April, Chapter 4, Global Trade and Value Chains during the Pandemic.
" OECD Working Party of the Trade Committee (2023), Raw materials critical for the green transition: Production, international trade and export restrictions,

TAD/TC/WP(2022)12/FINAL.

2 EIA (2022), The Role of Critical World Energy Outlook Special Report Minerals in Clean Energy Transitions.

'3 Fraunhofer Institute for Building Physics (n.d.) Material- und Stoffstromanalysen - Versorgungsketten auf den Grund gehen (Material and substance flow analyses —
looking deeper into supply chains — our title translation, in German), https://www.ibp.fraunhofer.de/de/kompetenzen/ganzheitliche-bilanzierung/methoden-

ganzheitliche-bilanzierung/material-stoffstromanalysen.html, accessed: 30 August 2023.

4 In rare cases, a product class comprises products that both contain and do not contain raw materials. In that case, the class is nonetheless assessed as raw
materials-relevant, which may lead to a slight overestimation of the effects. See Béhr, C. et al. (2024), Kritisch fur die Wertschépfung — Rohstoffabhangigkeit der

deutschen Wirtschaft (Critical for value added — German industry’s raw materials dependency — our title translation, in German), study for KfW Group, prepared by IW
Consult and the Fraunhofer Institute for Systems and Innovation Research. KfW Research.

S Leruth, L. et al. (2022), Green Energy Depends on Critical Minerals. Who Controls the Supply Chains?, PIIE Working Paper No. 22-12.

'6 Based on the quarterly survey of production in the manufacturing sector, the study determined employment and value added under the assumption that the value
added and employment intensity of the relevant overarching sector apply for the identified groups of goods. See Bahr, C. et al. (2024), Kritisch fur die Wertschopfung —

Rohstoffabhéngigkeit der deutschen Wirtschaft (Critical for value added — German industry’s raw materials dependency — our title translation, in German), study for
KfW Group, prepared by IW Consult and the Fraunhofer Institute for Systems and Innovation Research. KfW Research.

Page 13


https://twitter.com/KfW
https://www.kfw.de/About-KfW/Service/KfW-Newsdienste/Newsletter-Research-(EN)/index.jsp
https://www.kfw.de/About-KfW/Service/KfW-Newsdienste/Newsletter-Research-(EN)/index.jsp
https://www.ibp.fraunhofer.de/de/kompetenzen/ganzheitliche-bilanzierung/methoden-ganzheitliche-bilanzierung/material-stoffstromanalysen.html
https://www.ibp.fraunhofer.de/de/kompetenzen/ganzheitliche-bilanzierung/methoden-ganzheitliche-bilanzierung/material-stoffstromanalysen.html

KfW Research

7 Federal Statistical Office (Destatis), national accounts — gross value added (nominal/price-adjusted): Germany, years, economic sectors, accessed on 11 August
2023; own calculations.

8 )W Consult (2021), Bedeutung unternehmensnaher Dienstleistungen fiir den Industriestandort Deutschland/Europa (Importance of business services for
Germany/Europe as an industrial location — our title translation, in German), IC4-23305/003#054, Project 054/19.

9 Federal Statistical Office (Destatis), national accounts — gross value added (nominal/price-adjusted): Germany, years, economic sectors, accessed on 11 August
2023; own calculations.

20 Federal Statistical Office (Destatis), national accounts — use of gross gross domestic product, retrieved on 11 August 2023; own calculations.

21 The production value is the total value of goods and services generated in the production process including inputs, see glossary of Federal Statistical Office (n.d.):

Gross value added: Industry - Federal Statistical Office (destatis.de)
22 Menkhoff, L. and Zeevaert, M. (2022), Germany can increase its raw material import security of supply, DIW Weekly Report 49+50/2022:

2European Commission (2023), Study on the EU’s list of Critical Raw Materials — Final Report. Import dependency calculated as ratio of net imports to sum of
domestic production and net imports. The EU’s import dependency on refined copper is 16%. See RMIS - Raw Materials Information System (europa.eu)

24 Le Mouel, M. and Poitiers, N. (2023), Why Europe’s critical raw materials strategy has to be international, Bruegel Analysis Global Economy and Trade.

25 |n 2022 the Netherlands was the source of 8% of Germany’s imports by value, which placed it between China and the US. Source: Federal Statistical Office
(Destatis), imports and exports (foreign trade): Germany, years, countries, accessed on 11 August 2023; own calculations.

26 Flach, L. et al. (2021), Internationale Wertschépfungsketten — Reformbedarf und Méglichkeiten (International value chains — need for reform and opportunities — our
title translation, in German), study on behalf of the Konrad Adenauer Foundation.

27 Zenglein, M.J. (2020), Mapping and Recalibrating Europe’s Economic Interdependence with China, MERICS China Monitor.

28 Sandkamp. A. et al. (2023), Leere Regale made in China: Wenn China beim Handel mauert (Empty shelves made in China: wenn China blocks trade — our title
translation, in German), Kiel Policy Brief No. 164.

29 Arjona, R. et al. (2023), An enhanced methodology to monitor the EU’s strategic dependencies and vulnerabilities, Single Markets Economics Papers, Working
Paper 14.

30 Briiggemann, A. and Levinger, H. (2022), Securing critical raw materials for the net zero and digital transformation, Focus on Economics No. 399, KfW Research.
31 International Energy Agency (2023), Critical Minerals Market Review 2023, July 2023. Data retrieved from: Critical Minerals Data Explorer — Data Tools - [EA

32 BP Statistical Review of World Energy 2023.

33 DERA Rohstoff-Trends Q3 2023 (DERA Raw Material Trends Q3 2023 — in German), retrieved from: rohstoff-trends 03-23.pdf (deutsche-rohstoffagentur.de)

34 Schmidt, M. (2023): Raw Material Risk Assessment — Lithium, DERA Rohstoffinformationen 54: 81 p., Berlin.

35 Alves Dias, P., Bobba, S., Carrara, S. and Plazzotta, B., The role of rare earth elements in wind energy and electric mobility, EUR 30488 EN, Publications Office of
the European Union, Luxembourg, 2020, ISBN 978-92-76-27016-4, doi:10.2760/303258, JRC122671.

36 The development of supply and demand varies greatly depending on the rare earth element. As they must be extracted together there is sometimes in excess
production of the elements lanthanum and cerium. The predicted demand growth mainly comes from the increased need for dysprosium (magnets) and neodymium,
praseodymium and terbium, which can be used in many different ways.

37 If we include undocumented production, China’s share of mining output is even higher — approx. 63% in 2019 and 68 % in 2022 according to the IEA (2023).
38 U.S. Geological Survey (2022), Mineral commodity summaries 2022, 202 S., https:/doi.org/10.3133/mcs2022.

3% World Mining Data (2023), Federal Ministry Republic of Austria Finance, International Organizing Committee for the World Mining Congress.

0 Dorner, U. (2020), Raw material risk assessment — copper, DERA Rohstoffinformationen 45: 58 p.; Berlin

41 Based on HS Code 2603: copper ores and their concentrates, ITC Trademap, own calculations.

42 Geothermal energy is another way of extracting brine. This involves pumping the lithium-rich brine to the surface. This method is being pursued in multiple pilot
projects in the US and Europe, but a primary extraction does not yet exist in Europe. See German Geothermal Association: Lithium extraction

43 Lithium can also occur in conjunction with clay in sediment deposits (China, Russia, US),
4 Schmidt, M. (2023): Raw Material Risk Assessment — Lithium, DERA Rohstoffinformationen 54: 81 p., Berlin.

45 Due to a blocking notice, no import figures have been published for the product groups lithium hydroxide/oxide since 2007. If we look at the exports from other
countries to Germany, the Netherlands, Belgium and US were the most important suppliers in 2021 — the first two mainly as transit countries.

46 Without scandium production. U.S. Geological Survey, 2023, Mineral commodity summaries 2023: U.S. Geological Survey, 210 p., https://doi.org/10.3133/mcs2023.
DERA Infomaterial Seltene Erden (2022); DERA, Rohstoff Seltene Erden (Raw material Rare Earths — in German), Infomaterial, retrieved from: BGR - Deutsche

Rohstoffagentur - Seltene Erden (bund.de)

47 Matthes, J. (2023), Wie ist der starke Importanstieg aus China im Jahr 2022 zu erklaren und wie haben sich die Importabhéngigkeiten entwickelt?, Ein tiefer Blick in
die AuRenhandelsstatistik (How is the sharp increase in imports from China in 2022 to be explained, and how have import dependencies developed? A closer look at
foreign trade statistics — our title translation, in German), IW-Report 34/2022.

48 Dorner, U. (2020), Raw material risk assessment — copper, DERA Rohstoffinformationen 45: 58 p.; Berlin.

49 Bloomberg, China’s Battery Supply Chain Tops BNEF Ranking for Third Consecutive Time, with Canada a Close Second, 12.11.2022, retrieved from: NEF’s lithium-
ion supply chain rankings.

50 The basis is the goods classification HS 8507.60. See Schmidt, M. (2023): Raw Material Risk Assessment — Lithium, DERA Rohstoffinformationen 54: 81 p., Berlin.
51 Financial Times, Peru unrest threatens copper supply, 8 Feb. 2023, retrieved from: Peru unrest threatens copper supply | Financial Times (ft.com).

52 Bloomberg, Chile wants to boost local copper smelting capacity. 20 July 2023, retrieved from: Chile Wants to Boost Local Copper Smelting Capacity to Rely Less on
Asian Plants - Bloomberg.

53 Schmidt, M. (2023), Raw Material Risk Assessment — Lithium, DERA Rohstoffinformationen 54: 81 p., Berlin.

54 The attempt to encourage firms with higher value-added levels to settle in the country under the ‘Invest Chile’ did not lead to any meaningful investments. See:
Osbahr, I. et al. (2023): Kooperationspotenziale fiir deutsche Unternehmen im chilenischen Rohstoffsektor (Forms of cooperation for German firms in Chile’s raw
materials sector — our title translation, in German), DERA Rohstoffinformationen 55: 60 p., Berlin.

55 Lubuzh, P. et al (2023), Water Supply for Mining Industry — The Chile Case; Arthur Little.

Page 14


https://www.destatis.de/DE/Themen/Laender-Regionen/Internationales/Glossar/BruttowertschoepfungIndustrie.html
https://rmis.jrc.ec.europa.eu/scoreboard2021#/ind/8
https://www.iea.org/data-and-statistics/data-tools/critical-minerals-data-explorer
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/Rohstoff-Trends/rohstoff-trends_03-23.pdf?__blob=publicationFile
https://www.geothermie.de/bibliothek/lexikon-der-geothermie/l/lithium-extraktion.html
https://www.bgr.bund.de/DERA/DE/Aktuelles/rohstoff_seltene_erden.html
https://www.bgr.bund.de/DERA/DE/Aktuelles/rohstoff_seltene_erden.html
https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/
https://about.bnef.com/blog/chinas-battery-supply-chain-tops-bnef-ranking-for-third-consecutive-time-with-canada-a-close-second/
https://www.ft.com/content/cc40d35c-5c04-4ffe-b604-601be5f0947f
https://www.bloomberg.com/news/articles/2023-07-20/chile-wants-to-boost-local-copper-smelting-capacity-to-rely-less-on-asian-plants#xj4y7vzkg
https://www.bloomberg.com/news/articles/2023-07-20/chile-wants-to-boost-local-copper-smelting-capacity-to-rely-less-on-asian-plants#xj4y7vzkg

Focus on Economics

56 Osbahr, I. et al. (2023): Kooperationspotenziale fiir deutsche Unternehmen im chilenischen Rohstoffsektor (Forms of cooperation for German firms in Chile’s raw
materials sector — our title translation, in German), DERA Rohstoffinformationen 55: 60 p., Berlin, p. 28.

57 Gielen, D. and Lyons, M. (2022), Critical materials for the energy transition: Lithium, International Renewable Energy Agency, Abu Dhabi.
58 Dorner, U. (2020), Raw material risk assessment — copper, DERA Rohstoffinformationen 45: 58 p.; Berlin.

59 |t is expected to take more than 10 years to meet demand in full. Bahr, C. et al. (2024), Kritisch fiir die Wertschépfung — Rohstoffabhéngigkeit der deutschen
Wirtschaft (Critical for value added — German industry’s raw materials dependency — our title translation, in German), study for KfW Group, prepared by IW Consult

and the Fraunhofer Institute for Systems and Innovation Research.

60 Azevedo, M. et al. (2022), Lithium mining: How new production technologies could fuel the global EV revolution, McKinsey&Company.

61 Gielen, D. and Lyons, M. (2022), Critical materials for the energy transition: Lithium, International Renewable Energy Agency, Abu Dhabi.
62 EJA (2022), The Role of Critical World Energy Outlook Special Report Minerals in Clean Energy Transitions

63 Mineral requirements for clean energy transitions — The Role of Critical Minerals in Clean Energy Transitions — Analysis - IEA

64 Rohstoffsituation der bayerischen Wirtschaft (Raw materials situation of Bavarian industry — our title translation, in German), Bavarian Industry Association, 2023,
online.

5 Mineral requirements for clean energy transitions — The Role of Critical Minerals in Clean Energy Transitions — Analysis - IEA

86 Though in China, the manufacture of electric cars with sodium-ion batteries has now gone into series production in China. Focus (2023), Kann nicht brennen:
Chinesen bringen neues E-Auto mit Natrium-Akku - FOCUS online, 4.1.2024, abgerufen am 8.1.2024.

67 2022, Rohstoffsituation der bayerischen Wirtschaft (Raw materials situation of Bavarian industry — our title translation, in German), Bavarian Industry Association,
online.

58 Flach et al. (2022), How Dependent Is Germany on Raw Material Imports? An Analysis of Inputs to Produce Key Technologies.

89 https://v-er.eu/de/europa-im-fokus/ [23.06.2023]

70 hitps://www.zinnwaldlithium.com/projects/zinnwald-lithium-project/
" https://www.rbb24.de/studiocottbus/wirtschaft/2023/03/brandenburg-spremberg-kupfer-abbau-start-raumordnungsverfahren-kupfererz.html

2 hitps://www.sueddeutsche.de/wirtschaft/seltene-erden-schweden-china-energie-batterien-1.5730985

Page 15


https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions/mineral-requirements-for-clean-energy-transitions
https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions/mineral-requirements-for-clean-energy-transitions
https://www.focus.de/auto/elektroauto/news/kann-nicht-brennen-chinesen-bringen-neues-e-auto-mit-natrium-akku_id_259544679.html
https://www.focus.de/auto/elektroauto/news/kann-nicht-brennen-chinesen-bringen-neues-e-auto-mit-natrium-akku_id_259544679.html

	Set in stone? The German economy’s dependency on copper, lithium and rare earths
	Resource availability is crucial for value creation in general and for the twin transformation in particular
	Raw materials supply in times of polycrisis and in the historic context
	A close look at the entire value chain is warranted
	Copper and rare earths are more important for manufacturing in Germany than lithium
	The automotive industry as the largest segment of the manufacturing sector is heavily reliant on minerals
	Imports containing copper, lithium and rare earths make up half of the value of goods produced with these minerals in Germany
	Almost one third of the value of imports containing lithium and just under one fifth of imports containing copper and rare earths are classified as at-risk
	China has great significance for at-risk imports of goods containing minerals
	Preventing potential supply shortages or reducing risks
	Vulnerabilities in the early stages of the value chain merit particular attention because of Germany’s high dependence on raw materials imports
	Copper production is sufficiently diversified but some suppliers carry substantial weight for Germany
	Lithium production follows two routes – each with high concentration and, hence, vulnerability to supply shocks
	Rare earths: High dependence on China generates supply chain vulnerability

	Country factors and geoeconomics influence supply-side risks, conditions also play a key role in long-term capacity expansion.
	The following vulnerabilities may lead to short-term supply scarcity in the international market:
	Longer-term development of global supply depends on national decisions in the mining countries

	Risk mitigating factors exist for copper, technological progress is a key component for lithium and rare earths
	Domestic primary raw materials are largely unavailable or not developed, while copper can build on processing facilities.
	As secondary raw materials, copper is abundantly available, lithium will be in future, and rare earths are not
	Options for substitution and more efficient processes often require years of research
	There are technical limits to building up stockpiles

	The different risk profiles make developing a general approach to securing the supply of mineral raw materials a challenge
	Strengthening risk-mitigating factors
	Expanding procurement sources
	Creating favourable conditions – a sovereign task

	Outlook




