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1. Foreword

»A reliable supply of metals 
and minerals is essential to 
manage the transition to a 
fossil-free society.«
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1. Foreword

A reliable supply of industrially strategic metals and min-
erals is essential to maintain and develop our high-tech 
industry and to manage a successful transition to a fos-
sil-free society. As fossil fuels are phased out, demand for 
metals and minerals is expected to grow significantly, giv-
en their essential role in increasing electrification and digi-
talisation. Key mineral resources and value chains are cur-
rently controlled by a few countries outside the European 
 Union (the EU), such as China, Russia, Brazil, the Democrat-
ic Republic of the Congo and South Africa. This increases 
vulnerability and poses a risk of hindering industrial devel-
opment in the EU. As a significant European mining nation, 
Sweden can therefore play a crucial role in the EU's future 
supply of metals and minerals. 

The purpose of the IVA's Roadmap for Metals and Minerals 
project is to help Sweden and Europe secure long-term, 
sustainable access to the metals and minerals needed for 
the transition to a fossil-free society and strenghtened com-
petitiveness.

This is the first of four reports within the Roadmap for Met-
als and Minerals project. The other three reports are 'Circu-
lar Flows to Meet Increased Demand for Metals and Miner-
als', 'Increased Demand for Metals and Minerals – Strategies 
and Conflicts of Objectives and Interests' and the final re-
port 'Metals and Minerals for Sustainable Development and 
Strenghtened Competitiveness'.

This report focuses on describing the value chains in the 
supply of metals and semi-finished products that will be 
crucial in the production of the new technologies that will 
be required to meet climate goals and build sustainable 
societies.

The goal is to describe important supply chains for indus-
try in an educational way, to highlight weaknesses and to 
discuss how these can be strengthened. There is a brief 
description of the technical processes required for the dif-
ferent stages of production. The intention is not to provide 
detailed technical descriptions, but to illustrate the magni-

tudes and contexts involved, so as to create an understand-
ing of the challenges involved in achieving climate goals.

This report was prepared in 2023 by an expert group con-
sisting of: 

Magnus Ericsson, Expert Group Chair July 2023– 
February 2024, RMG Consulting, IVA Fellow 
Kerstin Konradsson, Expert Group Chair January– 
June 2023, LKAB/Erasteel AB, IVA Fellow
Karin Byman, Project Manager, IVA
Lena Alakangas, Luleå University of Technology
Jonas Albertson, Epiroc AB
Åsa Allan, Kaunis Iron AB
Linus Brander, Rise Research Institutes of Sweden
Christian Ekberg, Chalmers University of Technology, 
IVA Fellow
Ulrika Håkansson, LKAB
Erik Jonsson, SGU and Uppsala University
André Månberger, Lund University
Katarina Nilsson, Svemin
Charlotte Odenberger, Zinkgruvan Mining AB
Stefan Thorburn, ABB AB
Tommi Valkonen, Sandvik AB

The expert group supports the report as a whole, but not 
all individual statements.

Project funders: ABB, Epiroc AB, LKAB, Ragn-Sells, Sand-
vik AB and Zinkgruvan Mining with support from Mistra 
(Foundation for Strategic Environmental Research), the 
Swedish Foundation for Strategic Research (SSF) and 
Swedish Mining Innovation, a joint initiative of Vinnova, 
Formas and the Swedish Energy Agency.

Stockholm, February 2024

Magnus Ericsson  
Expert Group Chair
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2. Summary and conclusions

»Demand for metals and minerals will 
increase significantly. As a well-established 
mining country with multi-faceted mining 
expertise, Sweden can play an important 
role in meeting that demand.«
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2. Summary and conclusions

This report within the Roadmap for Metals and Minerals pro-
ject is summarised in a series of observations on the base-
line criteria and the challenges. It also addresses the meas-
ures required to secure access to the metals and minerals 
that will be needed to manage the transition to a fossil-free 
society. The report's facts and conclusions form the basis 
for the project's final report 'Metals and Minerals for Sus-
tainable Development and Strenghtened Competitiveness', 
which will provide recommendations to decision-makers 
in various sectors.

Criteria to address
Demand for metals and minerals will increase signifi-
cantly at a global level. Recycling and resource effi-
ciency improvement are not enough to meet future 
needs. 

• The transition to a fossil-free society, coupled with 
digitalisation, population growth and improved 
living standards, is increasing global demand for 
metals and minerals. This demand encompasses not 
only traditional metals like iron (steel), copper and 
aluminium, but also those that have not yet been 
used extensively, many of which fall into the EU’s 
‘critical’ classification.

• Global demand for traditional metals, such as iron 
(steel) (2,000 Mt/year), aluminium (70 Mt/year) 
and copper (20 Mt/year), differs significantly from 
demand for most of the critical raw materials. That 
is on a completely different scale; for instance, 
rare earth elements (REEs) (200,000 t/year), cobalt 
(150,000 t/year) and platinum-group metals (400 t/
year).

• Due to the speed of technological development, 
there is significant uncertainty as to which critical 
raw materials will be in demand in the future. A high 
degree of flexibility is needed in order to respond to 
rapid fluctuations in demand. While the demand for 
traditional metals is expected to increase steadily, 
following the trend of the last half-century, demand 
for critical metals and minerals is projected to 
accelerate rapidly, albeit from relatively low levels. 

• As demand increases, larger and larger volumes of 
all these raw materials, critical as well as traditional 
metals and minerals, are being incorporated into 
various products, paving the way for increased 
recycling. However, the supply of recycled materials 
is always based on the smaller volumes that were 
produced historically, and hence cannot even 
theoretically cover future needs as long as demand 
increases. In addition, it is neither technically nor 
economically feasible to achieve 100% metal 
recycling. 

We are facing a geopolitical reality that creates 
new risks in the global supply chains of metals and 
minerals. 

• In geopolitical terms, access to and control of metals 
and minerals is becoming increasingly important, 
both economically and in terms of security. This 
is particularly true for the EU, which relies heavily 
on imports, and is evident in the growing tension 
and intensified technology race between the 
United States (the USA) and China, coupled with 
their aim to establish strategic partnerships with 
individual countries and regions. This new reality 
has implications for existing trade flows, leading to 
an elevated risk of disruption to metal supplies. As a 
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result, an increasing number of companies that are 
dependent on critical raw materials are entering into 
cooperation agreements with mining producers to 
secure direct access to their requirements.

• Chinese companies dominate the smelting and 
refining stages in the production of many critical 
metals and also play a significant role in mining 
several critical metals and minerals, including rare 
earth elements (REEs) and graphite. At the same 
time, China relies heavily on imports of base metals. 
In addition, Chinese companies’ ownership and 
control of mines and mineral deposits outside China 
has increased rapidly, albeit from a relatively low 
starting point. 

• Legislation and government support for national 
value chains for critical raw materials outside the 
EU, such as the US Inflation Reduction Act (IRA), are 
already diverting new investment from the EU to 
other parts of the world. Every factory for electric 
cars, solar cells or batteries not established in Europe 
represents a missed opportunity to enhance skills, 
knowledge and resources, instead redirecting them 
elsewhere. The long-term consequences of this 
development are challenging to assess, as they may 
lead to indirect effects and influence the dynamics of 
where future innovation occurs globally. 

Swedish mining expertise, characterised by high sus-
tainability standards, offers a competitive advantage 
on the international stage.

• Sweden possesses substantial mineral resources, 
with active exploration and mines producing iron 
ore, base metals and precious metals that are hugely 
significant for the country and for the EU. In addition, 
Sweden has documented deposits of several critical 
metals and is a major exporter of metals and minerals 
both to the EU’s internal market and beyond.

• From an international perspective, Sweden's 
energy system has a small climate footprint with 
almost fossil-free power generation. This provides 
a foundation for participants in mineral extraction 

and processing to establish fossil-free value 
chains. However, a challenge lies in the substantial 
investment needed for the new electricity-generation 
capacity and infrastructure that will be needed to 
manage the sharp increases in future demand that 
are anticipated. 

• Sweden’s mining ‘cluster’ consists of world-leading 
mining companies, smelters, consulting firms and 
suppliers of mining equipment, as well as advanced 
research-and-development resources at universities, 
professional organisations and companies. In 
addition, the Swedish state is a long-term player 
through the iron-ore producer, wholly-owned LKAB.

• In Sweden, sustainability is highly prioritised, and 
both industry and the government make substantial 
investment in research and innovation. This places 
companies at the forefront in terms of efficient 
technical solutions and sustainable production, 
providing them with competitive advantages in the 
international market.

• The interdependence between mines and 
mining-equipment manufacturers has been, and 
remains, a key competitive advantage. Equipment 
manufacturers are as important to the Swedish 
economy as the country’s mines, and the two sectors 
are intimately linked. 

Challenges to manage
Key value chains from prospecting and mining to 
smelting are threatened by a lack of capital, skills and 
knowledge.

• Europe was the dominant mining region at the dawn 
of industrialisation in the 19th Century. Since then, 
it has lost importance and now accounts for only 
about 3–4% of the world's mining production. Today, 
only 3.3% of total global exploration expenditure 
goes to the EU, of which just under 1% is spent in 
Sweden.
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• It is feasible for Sweden to produce several of the 
critical metals and minerals required in the EU for 
increased electrification and digitalisation. However, 
exploration has not been specifically targeted 
towards these raw materials, and additional efforts 
are needed to increase knowledge about their 
occurrence and the processes involved in locating, 
extracting and refining them.

• Virtually no new smelting or metal-refining capacity 
is being built in the EU. Instead, the focus is on 
expanding and developing existing facilities, based 
on conventional technologies for the extraction of 
base- and ferrous metals. The new facilities needed 
to produce the critical raw materials, as well as 
increasing the output of traditional metals, require a 
large investment. In addition, there are difficulties with 
high energy costs and complex permitting processes. 
Sweden’s Hybrit and H2 Green Steel (H2GS) are 
examples of how European companies are trying to 
develop new processes for extracting metals.

• There is a substantial lack of both knowledge and 
facilities for the critical raw materials. Metallurgical 
expertise for critical raw materials is available in 
the EU up to a point, but coordinated, focused 
initiatives in research and innovation are required, as 
well as investment in new facilities, if future needs 
are to be met.

• Sweden has no mineral-technology laboratories 
or pilot facilities equivalent to those in Finland 
(Metso and GTK) and Norway (Sintef/NTNU). Nordic 
cooperation needs to be developed in this area.

• Environmental assessments of new mines and 
smelters are intended to reduce their environmental 
impact and balance different societal interests. 
This often involves difficult trade-offs, which can 
be perceived as an obstacle to the establishment 
of new facilities. It is in everyone's interest to make 
the processes as time-efficient and predictable as 
possible. See also the project's report 'Increased 
Demand for Metals and Minerals – Strategies and 
Conflicts of Objectives and Interests'. 

Europe faces major competitiveness challenges rela-
tive to many mineral-rich countries. 

• Mining and metal-production costs in the EU are 
higher than in many other mineral-rich regions, such 
as Africa and South America. This is true regardless 
of the metal or mineral. European mines and smelters 
have higher costs for labour, energy and input 
materials. In addition, requirements for good working 
conditions and minimal environmental impact are 
more stringent than in many non-EU countries.

• The market for metals and minerals is global. Europe’s 
mining industry is competitive but must remain 
efficient and innovative to maintain its competitiveness. 
Sweden’s mining ‘cluster’ (as described above) is well-
placed in this respect, providing a good foundation for 
continued competitiveness.

• Future mining projects in Europe must remain 
competitive. It is economically questionable to set up 
mines solely to ensure the security of supply, which 
would imply the need for substantial subsidies and a 
loss of efficiency. Any investment in new mines in the 
EU for geopolitical reasons will require careful analysis.

• Just having operating mines is not sufficient to ensure 
the supply of metals and minerals. Access to various 
processing steps is also crucial, including the capability 
to produce pure metals in smelters and refineries, as 
well as critical semi-finished products like batteries 
or permanent magnets. These process industries are 
highly capital-intensive and demand specialised skills. 

Actions to take 
New partnerships with mineral-rich countries around 
the world will be needed in order to secure Europe's 
supply of metals and minerals.

• Europe cannot rely on a well-functioning global market 
to meet its needs. To reduce the vulnerability of its 
supply chains, the EU should enter new strategic 
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partnerships with countries, both within and outside 
Europe, that have either mineral resources, refining 
processes, or the production of strategic components.

• As one of Europe's most important mining countries, 
Sweden should actively work to create better 
conditions for producing metals and minerals. It 
can learn from leading mining countries such as 
Canada and Australia that have similar conditions 
and challenges to Sweden’s, but also have aggressive 
strategies for securing their supply and their role in 
the market.

• Africa has significant resources of metals and 
minerals. Sweden and the EU should increase 
their cooperation with African countries to secure 
access to critical metals and minerals, and to 
strengthen the economies of mineral-rich countries. 
African initiatives such as the planned economic 
zone for battery raw materials and components 
(a collaboration between Zambia, the Democratic 
Republic of the Congo and the African Union) 
deserve Swedish and European participation. 
Swedish and European support is also needed for 
the production of so-called conflict minerals (tin, 
tantalum and tungsten) in Africa, of which several are 
currently classified as critical by the EU. 

Increase knowledge of China's resources, needs and 
strategies. 

• China is a dominant force in the world's supply of 
critical raw materials. At the same time, the country 
is highly dependent on imports of many traditional 
metals and minerals. This situation should form the 
basis for EU and Swedish strategies to strengthen 
the security of supply. Deeper knowledge and facts 
are needed regarding Chinese mining companies 
and their expansion outside China, as well as the 
governmental support to these mining companies that 
partially disrupts market forces. Increased knowledge 
of China's mineral dependency and mineral policy 
would help Sweden and the EU formulate their raw-
material policies based on facts about Chinese and 
European needs and requirement criteria. 

Develop methods to better integrate enhanced sus-
tainability practices in the mining industry. This can 
also contribute to increased competitiveness. 

• Mines, mineral-processing facilities and smelters 
affect not only the natural environment and climate, 
but also socio-economic conditions. At the same 
time, the Swedish mining industry is also a link in 
a global supply chain. This means that conflicts of 
interest arise at several levels where, for example, the 
environmental impact is local, but the climate impact 
is global.

• When planning new mines, a holistic perspective 
needs to be taken on the entire life cycle of the mine 
to minimise the environmental impact, both during 
operation and after the mine has been closed. Many 
companies are already doing this, but the method 
needs to be improved and applied not only in 
Sweden but throughout the EU — and the world.

• There is a trend towards electrification and 
digitalisation, and the introduction of remote-
controlled autonomous work vehicles, as a means of 
reducing environmental impacts and increasing the 
safety of mine workers. Machines can thus be safely 
operated remotely from a control room. 

• There needs to be a better understanding of the 
importance of the mining industry for reduced 
climate change, increased competitiveness and 
improved welfare. Research and innovation are 
required in order to identify such approaches and 
thought models, along with collaboration among the 
various stakeholders that include mining companies, 
equipment suppliers, academia and the authorities. 

Increased competence, research and innovation are 
needed at all stages of the value chain.

• Swedish competitiveness in the mining industry 
must be strengthened by increased ambition in 
research and innovation. Collaborative research 
has played an important part in increasing the 
competitiveness of Swedish mining, but it takes 
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too long to go from ideas to practical applications. 
Efforts are needed for innovative exploration, 
processing, extraction and refining, with a particular 
focus on the critical metals that are required 
for a green transition. The mining and minerals 
industry needs access to research funding for both 
fundamental and applied research.

• In addition to technical aspects, developed social-
science research is needed for an active mining 
industry, focusing on environmental and socio-
economic conditions, including land use and 
permitting.

• Resource efficiency and recycling are other parts of 
the value chain where research and development 
efforts are extremely important. There are too 
few processes and methods for extracting critical 
metals, both from mines and from various types 
of scrap. Much of the expertise required to 
manage the entire value chain for these metals is 
also lacking today. Product design for increased 
resource efficiency and simplified recycling are 
other areas where intensive research should be 
initiated. This is covered in more detail in the 
project’s report 'Circular Flows to Meet Increased 
Demand for Metals and Minerals‘.
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3. Glossary and 
the periodic table

This provides explanations 
of many of the technical 
terms used in this report.
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3. Glossary and the periodic table

Base metals
Metals with very broad applications. Usually refers to cop-
per, zinc, lead, nickel and aluminium.

Battery metals
An unscientific grouping of materials used in batteries. Usu-
ally refers to the metals lithium, cobalt, vanadium, manga-
nese and nickel, and the mineral graphite.

By-product metals
Metals extracted as by-products during the processing of 
ores containing ‘main’ metals (see below).

Cobalt
A transition metal mostly used in combination with other 
metals. Used mainly in batteries, but also in alloys, carbide 
tools, magnetic materials and some chemical processes.

Concentrate
Enriched mineralisation recovered after the initial mineral 
processing of an ore.

Critical raw materials/metals
Raw materials with significant risk of supply disruptions 
that may have undesirable consequences. In the EU, raw 
materials are given this classification because of their eco-
nomic importance in relation to their supply risk. Examples 
of critical metals in the EU are cobalt, lithium, manganese 
and rare earth elements. The EU’s list of critical and stra-
tegic raw materials is updated every three years, most re-
cently in 2023 (see also Chapter 9).

Electrometallurgy
High-temperature melting of metals using electric power, 
usually in electric-arc or induction furnaces.

Flux
A substance added to a melt to lower its melting point and 
make it more fluid.

Gangue
See waste rock.

Graphite
A mineral consisting of the element carbon that exhibits 
both metallic and non-metallic properties.

Hydrometallurgy
The extraction of metals using chemical solutions and wa-
ter-based processes, sometimes also by means of elec-
trolysis.

Industrial mineral
Anything extracted from the earth's crust except ener-
gy minerals, metal ores, water and gemstones. Exam-
ples of industrial minerals include graphite, quartz and 
limestone.

Junior companies
Companies involved in prospecting and exploration, but 
with no revenue from existing mines. Operations are often 
financed by venture capital.

Lithium
The lightest of all metals. Has high electrochemical reac-
tivity and is mainly used in batteries.

Main metals
The metals in an ore that are the most profitable (cf. by-
product metals).
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Metal
Elements are grouped into metals, semi-metals (including 
semiconductors) and non-metals. Metals are characterised 
by properties such as high electrical and thermal conduc-
tivity, malleability, high density and metallic lustre.

Metal categories
In the market, metals are usually divided into the main 
groups of iron, base metals, light metals and precious met-
als. An additional group is the alloying metals that are often 
added to iron (steel), including chromium, vanadium and 
manganese. Many other metals are produced in addition 
to these groups (often called 'minor metals').

Metallurgy
Processes for extracting pure metal from mineral-pro-
cessed ore. These include pyrometallurgical (heat-based) 
and hydrometallurgical (liquid-based) processes.

Mine
Place where ores, coal or other geological resources are 
produced using excavation or solution techniques.

Mineral processing
Technologies used to increase the metal content of an ore 
through the production of concentrates or a reduction in 
impurities.

Figure 1: The periodic table: a classification of elements and atomic types by atomic number 
and chemical and physical properties.
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Minerals
Chemical compounds, alloys or pure elements with well-de-
fined chemical compositions, crystal structures and prop-
erties, formed by geological processes.

Ore
An occurrence of metal-bearing minerals formed by geo-
logical processes that can be mined economically. If the 
mineral occurrence is not profitable to mine, it is not de-
fined as an ore but can be considered as a potential re-
source.

Platinum-group metals (PGMs)
A group of six metals: platinum, palladium, rhodium, iridi-
um, osmium and ruthenium. PGMs are used industrially in 
catalysts, electronics and the chemicals industry.

Precious metals
Gold, silver and platinum-group metals. Used, for exam-
ple, in jewellery, electronics and catalysts, and as value 
hedging.

Pyrometallurgy
The melting and separation of metals using high tempera-
tures (see also Electrometallurgy above).

Rare Earth Elements (REEs)
A collective name for the 15 lanthanides (atomic numbers 
57 to 71). Scandium (21) and yttrium (39) are also often in-
cluded. REEs are usually divided into two groups — light 
and heavy — based on their chemical behaviour. They are 
used in electronics and have special magnetic, optical and 
catalytic properties. Many REEs have very specific proper-
ties that make them difficult to replace.

Refining
Extraction of a pure metal from mineral-processed ore 
which, after having been treated in a smelter, can be re-
fined to high-purity metal. In hydrometallurgical processes, 
the smelting step can often be omitted.

Shaft
A vertical or steeply inclined access into an underground 
mine.

Sintering
A process in which solid particles are fused together under 
high pressure and temperature.

Slag
Residual (usually waste) material or by-products formed 
during metal smelting.

Slag former
A material added to a melt of ore concentrates to remove 
unwanted substances from the pure metal.

Strategic raw materials/metals
Metals that are considered strategic from a forward-look-
ing perspective, to achieve a priority function, such as the 
electrification of vehicles (electric cars). In the EU, this re-
fers to raw materials that are particularly relevant for stra-
tegic technologies linked to the green transition, digitali-
sation and defence.

Tailings 
Residual fine-grained waste materials produced during min-
eral processing. Stored in tailings dams.

Tailings dam
Earth-fill embankment dam for long-term tailings storage.

Waste rock
Mine waste in the form of barren, weakly mineralised or low-
grade rock that is removed to access valuable ore. Usually 
separated continuously during operations, and deposed of 
in waste-rock dumps. Also known as ‘gangue’.
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4. Background

»Sweden is one of Europe’s 
most important mining 
countries with producing mines 
and great geological potential.«
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4. Background

Reliable access to metals and minerals is needed in order to 
manage the transition to a fossil-free society. Demand will 
increase significantly as fossil fuels are phased out through 
increased electrification and digitalisation.

The transition requires not only larger volumes of tradition-
ally used metals and minerals, but also substantially more 
of many of the metals and minerals that have so far been 
used only to a limited extent, such as lithium, indium, co-
balt and graphite. Demand for metals and minerals will also 
increase as a result of population growth and improved liv-
ing standards, as well as greater industrialisation in many 
parts of the world.

It will be a major challenge to secure a long-term sustain-
able supply of all the critical metals and minerals needed to 
enable the energy transition to occur. Producing these re-
quires different technology and knowledge for exploration, 
extraction and production than for the base, precious and 
ferrous metals currently produced in Europe. The market 
for metals and minerals is global. Since the deposits mined 
today are often located in countries outside the EU, access 
to them also has a geopolitical dimension.

Sweden is one of Europe's most important mining countries 
and has, in addition to producing mines, great geological 
potential. Metals can also be recovered from products and 
mining waste. However, there are a number of barriers to 
the increased extraction and recycling of metals in Swe-
den and in the EU. There is a lack of knowledge regarding 
several of the critical metals, their occurrence and the ex-
traction processes they need. In addition, large capital-in-
tensive investment is required in new facilities.

Many metals occur together in mixed deposits, and depend 
on common or related processes at different stages of ex-
traction. For this reason, the analysis in this report is not lim-
ited to individual 'strategic' or 'critical' metals and minerals, 
but utilises a broad perspective on the value chains from 
exploration to semi-finished products and components. 
The majority of the report’s observations apply to society's 
mineral supply in general. 
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5. Why is the demand for metals 
and minerals increasing? 

»Population growth, electrification and improved 
living standards will increase demand. However, the 
extent of this demand and which metals will be most 
critical are subject to a great deal of uncertainty.«
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5. Why is the demand for metals and minerals increasing? 

Several factors are driving the demand for metals and min-
erals: not only metals used in new technologies, but also 
steel (which requires iron and various alloying metals) and 
base metals such as zinc, copper, lead and nickel. Metals 
are not only needed in technologies for renewable electric-
ity generation and batteries, but also in building materials, 
machinery and infrastructure. Economic growth, population 
growth and increased urbanisation also drive the demand 
for both traditional metals and critical and strategic mate-
rials such as rare earth elements (REEs). Metals are traded 
on a global market, so developments in other parts of the 
world have a major impact on Sweden and on Europe. 

Strong drivers are increasing the demand for metals and 
minerals, but some factors are also dampening the increase 
rate. These include technological developments that lead 
to improved resource efficiency, alternative materials and 
solutions, and changes in consumer behaviour. Examples 
of this are the growth of a ‘sharing economy’ that reduces 
the demand for products, and the pace at which circular 
material and product flows can be established. The trend 
is not clear-cut, although it is now clear that it will take a 
long time for recycling to play a greater role in the supply 
of many metals and minerals. 

Is it possible to quantify 
future demand? 
The global demand for metals and minerals will grow sig-
nificantly. For most base metals that are widely used to-
day, demand will increase relatively in line with economic 
growth. For some metals, such as copper, demand will in-
crease more rapidly. Demand will also grow strongly, albeit 
from low levels, for the critical/strategic metals that are be-
ing introduced and are required in line with developments 
in technology, electrification and digitalisation, and which 
are to some extent new to the market, (IEA, 2022).

Demand for the primary production of metals and miner-
als is therefore governed by technological developments, 

Figure 2: Comparison between a conventional passenger 
car and an electric car, showing the difference in the 
number of metals and the amount of non-steel metals in 
kg/vehicle, as well as the content of different metals and 
minerals for different types of power. Source: The Role of 
Critical Minerals in Clean Energy Transition, IEA, March 2022.
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Wind turbines often include permanent magnets in their generators to provide a compact and energy-
efficient solution. Neodymium permanent magnets provide the strongest magnetic field and give the 
greatest size and weight reduction. Ferrite magnets are much weaker and provide a larger and heavier 
solution. Electromagnets can also be used, but require additional technical equipment, resulting in 
a larger and more cumbersome design. Metals are also needed for turbine construction: aluminium, 
copper and steel, often alloyed with the critical metal niobium.

The development of solar cells is continuing rapidly. Conventional solar cells are based on silicon, 
while thin-film solar cells contain gallium and germanium, among other materials. Some high-
efficiency solar cells also require indium or the semi-metal tellurium.

Electricity storage is a key issue in the move from a fossil fuel-based to a metal- and mineral-based 
society. Battery technology is developing rapidly but currently requires large amounts of metals 
and minerals, such as lithium, nickel, manganese and cobalt, as well as graphite and phosphorus. 
New batteries that provide higher performance and/or reduce the need for critical raw materials are 
under development; for example, lithium can be replaced by sodium in ion batteries. Another example 
is the move to solid electrolytes, which can increase battery performance and safety by eliminating 
flammable liquid electrolytes. Large-scale future storage may be done with so-called redox flow 
batteries, which require the critical metal vanadium.

Electric cars and other electric vehicles contain motors, batteries or fuel cells and electronics, 
all of which rely on a variety of metals.

The use of critical/strategic metals has allowed the development of high-performance technologies. 
These metals can be replaced to varying degrees by other metals that are more commonly available, 
but usually with reduced performance. However, technological developments have meant that the need 
for certain metals to achieve a specific level of performance can be reduced. For example, over the 
last ten years, cobalt has largely been replaced by nickel in lithium-ion batteries. Despite this, 
demand for cobalt has continued to grow because of the significant increase in demand for batteries.

TECHNOLOGIES REQUIRING CRITICAL METALS AND MINERALS

5. Why is the demand for metals and minerals increasing? 

material-efficiency improvements and recycling. Some of 
these factors are dynamic in the sense that market pricing 
can handle shortage situations without significant con-
sequences for society. As an example, the market share 
of lithium batteries containing cobalt has declined in re-
cent years, partly due to a rise in the price of cobalt and 
partly because of more widespread knowledge of prob-
lems with the unsustainable extraction of the metal in the 
Democratic Republic of the Congo (Bobba, Mathieux, & 
Blengini, 2019).

One challenge lies in lengthy project lead times that pre-
vent the mining industry from keeping pace with the swift-
ly growing demand for many metals, particularly the rarer 
ones. This applies both to the production of metals that 
are typically by-products (such as antimony, indium, co-
balt and bismuth) from the mining of other metals (such 
as zinc or copper) and those where the metal or a group of 

related metals is the main product (platinum-group metals 
or REEs, for example).

There are different sources and assessments of the future 
demand for metals and minerals. Several reports focus on 
the effect the transition of the energy system will have on de-
mand, but do not consider population growth, increased liv-
ing standards and technological developments. See Figure 3.

There is a consensus that demand for metals will increase. 
At the same time, the scale of this demand, and which 
metals will be most critical, are subject to a great deal of 
uncertainty. This depends, among other things, on the as-
sessment of what alternative solutions or substitutes are 
available in different timeframes. Recycling will have very 
little impact in the short term, but its importance may in-
crease in the longer term. Efficiency improvements may 
have a greater impact in the medium term. 
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Figure 3: Demand for metals and minerals could increase 4–6 times by 2040 due to the transition of the energy 
system from fossil fuels to electricity (SDS = Sustainable Development Scenario). Steel and aluminium are not 
included. Source: The Role of Critical Minerals in Clean Energy Transition, IEA, March 2022.
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6. Europe’s reduced 
mining role

»Europe possesses geological potential for 
critical metals and minerals, but there is 
a lack of metallurgical expertise, and big 
investment will be needed to extract them.«
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6. Europe’s reduced mining role

As shown in Figure 4, Europe was the dominant mining re-
gion long before the advent of industrialisation in the 19th 
Century, when its mining sector expanded to account for 
over 60% of the value of the world's mining production. At 
the beginning of the 20th Century, the USA rose to promi-
nence, accounting for up to 40% in value terms, before min-
ing took off in South America and in Africa, and then in Aus-
tralia and Canada. The former Soviet states, led by Russia, 
were major mining countries until 1990 but have declined 
in importance in recent decades. China's mining industry 
has grown significantly since the mid-1990s. Today, mining 
is spread across large parts of the world. 

Overall, Europe has lost much of its importance and currently 
accounts for only about 3–4% of the value of mining in the 

world, with countries in the southern hemisphere now con-
tributing the greatest value share. Both Australia and Can-
ada have strong mining industries. Developing countries 
are responsible for half the production of several strategic 
metals, and their share is increasing; about one-third of this 
production is controlled by companies domiciled in these 
countries (Ericsson, 2023).

Swedish mines are among the most efficient in the world 
(see Figure 5) and have low carbon footprint in a global per-
spective, which is illustrated in figure 6 (Copper) and figure 
7 (Iron ore) . They compete on the global market and must 
therefore be efficient and innovative to be competitive. High 
levels of automation and efficient processes compensate for 
higher labour and input-material costs. In addition, Swedish 

Figure 4: The value of mining in different regions of the world over the period 1850–2022. 
Source: RMG Consulting, 2023.
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6. Europe’s reduced mining role

Figure 5: Swedish mines are among the most efficient in the world. Diagrams showing productivity relative to 
production in world zinc and copper mines. Source: Boliden, 2024.

Figure 6: Green house gas intensity for global copper mines. The Swedish mines  
Garpenberg, Boliden and Aitik are among the best when it comes to carbon foot print.  
Source: Skarn Associates, 2024.
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6. Europe’s reduced mining role

mines often have a better work environment and a smaller 
local environmental footprint than those in many countries 
outside the EU. 

The importance of the mining industry to national econo-
mies differs greatly from country to country. It is very im-
portant to those like the Democratic Republic of the Congo, 
Chile and Australia (Ericsson & Löf, 2019). In Sweden and 
Finland, meanwhile, the mining industry contributes more 
to the national, and especially the regional, economy than 
in other EU countries. 

Lack of skills and technology 
for the new metals 
Europe possesses geological potential for a number of the 
critical metals that are essential for increased electrifica-
tion and digitalisation. This potential could theoretically re-
sult in mining production, particularly in the Nordic coun-

tries (Jonsson, 2022). However, there is a lack of knowledge 
about these metals’ geology, mineralogy and deposits, and 
the processes needed to extract and refine them. This is 
because industry has thus far focused on the metals and 
minerals that have traditionally been (and remain) locally 
important. For example, Sweden is strong in pyrometallurgy 
and smelting, but the new metals require completely differ-
ent processes, infrastructure and skills such as hydrometal-
lurgy, electrochemistry and chemical separation (see also 
Chapter “Sweden as a mining country”).

Today, virtually no new facilities are being constructed in 
Europe because of the high investment costs needed in 
new technology and expertise, as well as high energy pric-
es. Instead, the focus is on expanding and developing ex-
isting facilities based on conventional technology for ex-
tracting base and ferrous metals. The new facilities required 
would demand substantial investment that a single com-
pany would find challenging to secure. Achieving this ne-
cessitates coordinated investment and technological de-
velopment within the EU.

Figure 7: Green house gas intensity for iron ore mines. The Swedish mines Malmberget is among the lowest, but Kiruna, 
Kaunisvaara and Svappavara have also low carbon foot print in a global perspektiv. Source: Skarn Associates, 2024.
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7. Geopolitical aspects of the 
market for metals and minerals

»Sweden can learn from Canada and 
Australia. Their mining industries 
operate under similar conditions 
and challenges, but have different 
strategies for their role in the market.«
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7. Geopolitical aspects of the market for metals and minerals

Value chains for metals and minerals are global. The various 
stages in the supply chains, from extraction to finished prod-
uct, are not always located in the same country, and there is 
global trade even in mineral concentrates. The transition to 
climate-friendly energy systems, electrification and digitalisa-
tion affects the demand for specific minerals. This shift results 
in a transfer of power from oil-producing nations to countries 
with access to metals and minerals, or to refining processes. 

The market concentration involving the countries that ex-
tract critical minerals is greater than that for oil and natural 
gas, as shown in Figure 9. For example, the three largest 
producer countries of lithium, cobalt and REEs account for 
more than three-quarters of global production. In some 
cases, a single country can contribute more than half the 
world’s production. Examples are the Democratic Republic 

of the Congo, which accounted for 70% of global cobalt 
production in 2019, and China, which represented 60% of 
global REE output that year (IEA, 2022). However, corporate 
concentration of cobalt production is significantly lower 
than country concentration, as illustrated in Figure 10 (Er-
icsson M., Löf, Löf, & Müller, 2023).

This concentration becomes even more significant when 
considering subsequent refining stages. China dominates 
the refining of REEs (90%) and also holds a strong position 
in nickel, lithium, cobalt, graphite and manganese refining. 
However, in all these cases, production relies heavily on 
imported ores and concentrates. China also influences ex-
traction in other countries through full or partial ownership 
of crucial companies and mining projects. For instance, 
the Chinese lithium company Tianqi Lithium has a majority 

Figure 8: Mining in a global perspective. The size of the circles represents the value, and the colours 
indicate the metals involved. As shown, the southern hemisphere is now dominant in mining, while 
Europe's contribution is modest. Source: RMG Consulting, 2023. 
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7. Geopolitical aspects of the market for metals and minerals

Figure 10: Company control over cobalt mining, 2018. Source: RMG Consulting. 
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Figure 9: The market concentration for metals and minerals used in the energy transition is greater than that for 
traditional fuels such as oil and gas. Source: IEA, 2022. 
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Resource nationalism refers to the practice 
where producing countries attempt to retain 
a larger share of the added value in their 
country. Export restrictions on minerals 
are common and may include fees and quota 
systems, for example (OECD, 2023).

However, the extent to which producer 
countries are favoured is questionable, as in 
many cases, they do not have the necessary 
skills and infrastructure for other input 
materials for further processing. This leads 
to a lack of investment in smelters and a 
consequent loss of revenue (Fliess, Idsardi, 
& Rossouw, 2017).

However, there are examples where export 
restrictions are likely to have helped 
establish domestic industries, such as 
China's processing of REEs and Indonesia's 
nickel-smelting and refining industry. 
In recent years, partnerships have been 
established between some countries to make 
both parties feel they are benefiting; for 
example, the Chinese battery manufacturer 
CATL is investing in the extraction and 
processing of lithium in Bolivia.

Instability and natural disasters are 
external events that can limit opportunities 
to extract and export minerals. Most of 
the raw materials perceived as critical are 
primarily produced in countries that are 
unstable and/or vulnerable to climate change 
(Owen, 2022). There are also cases where 
various interests have conflicting claims 
to the land where minerals are extracted, 
which can also affect the possibilities 
of establishing and operating mining 
activities.

RESOURCE NATIONALISM

INSTABILITY AND NATURAL DISASTERS

7. Geopolitical aspects of the market for metals and minerals

holding in the world's largest lithium mine, Greenbushes in 
Australia, and a significant portion of Chile's largest lithium 
producer, SQM (IEA, 2022). 

The demand for critical metals is already leading to geopo-
litical conflicts and rivalry among the great powers. China 
produces most of the germanium and virtually all of the gal-
lium used worldwide today. A notable example of geopolitics 
impacting value chains was China's decision in the summer 
of 2023 to restrict the export of gallium and germanium, two 
metals crucial for manufacturing the most advanced com-
puter chips. Among other areas of application, these chips 
are used in training AI models like ChatGPT (European Com-
mission, 2023).

Although market concentration is significant, it is debatable 
how much power countries controlling new value chains 
can gain, and what ability they have to exercise this power 
(Gholz & Hughes, 2021). It is often emphasised that there are 
greater possibilities for substitutes for metals than for fossil 
energy. The harm caused by a supply shortfall of metals is 
lower, since any absence would primarily affect the develop-
ment of new technologies while existing technical solutions 
could continue to be used in society.

When supply is limited, the increased demand for minerals 
contributes to intensified competition which, in turn, can 
lead to rivalry among importing countries. Strategies to se-
cure one's supply, such as investments in countries with 
abundant resources, may be perceived as interventions that 
block other states' access and disrupt market mechanisms. 
Chinese investments in Africa is one such example. Tech-
nological development and the need for certain metals are 
also closely intertwined with developments in security policy.

In addition to states attempting to influence supply chains, 
geopolitics is also associated with several other risks that 
can cause supply disruption. These include:

• Resource nationalism and export restrictions in 
producer countries;

• Instability in a producer country affecting exports; and
• Natural disasters affecting exports.

(IRENA, 2023)

The EU's Critical Raw Materials Act (CRMA), outlines several 
strategies that include increased domestic self-sufficiency 
and partnerships with other countries, as well as stockpil-
ing and recycling. The design and implementation of these 
strategies requires a balance against other societal goals. 
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7. Geopolitical aspects of the market for metals and minerals

For instance, the EU has a goal of regional autonomy, mean-
ing the ability to act independently from other regions. This 
is sometimes interpreted as 'self-sufficiency' and 'independ-
ence', which can conflict with the objectives of free trade 
and mutual dependencies for conflict prevention. 

The value chains of metals are often 
more complex than those of oil
Strategic metals and minerals are often compared to oil 
from a geopolitical perspective. However, the situation is 
both different and more complex for metals and minerals. 
Part of the explanation lies in the underlying processes that 
have shaped the formation of mineral deposits.

Oil has an essentially singular formation process during a 
very limited time-frame in geological history. Minerals, on 

the other hand, have formed throughout most of Earth's 
history, from 4 billion years ago to the present day, in many 
active geological settings. Since they can form through a 
wide variety of processes in different geological environ-
ments, ore-forming systems are also extremely diverse. 
Coupled with the fact that ores are diversified, this makes 
them more challenging to locate compared to oil and gas.

An additional complication is the absence of transparent 
global market prices for most of the critical raw materials. 
For oil and gas, there are functional markets where supply 
and demand dictate the price. Such markets also exist for 
the majority of traditional metals.

For most of the critical metals, however, the situation is 
different: their pricing is negotiated directly between buy-
er and seller without transparency from external parties. 
Prices for various critical metals are also relatively inelas-
tic. Increased demand may lead to a higher price, but sel-

Figure 11: Countries accounting for largest share of global supply of raw materials listed as critical for the EU in 2023. 
The respective market share of supply is given in per cent for extraction (italic text) and processing (plain text).  
Source: Grohol & Veeh, 2023, and RMG Consulting, 2023.
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dom to increased production. This is partly due to the fact 
that opening a new mine can take at least 10–15 years, and 
partly because some of the critical metals are by-products 
of another primary metal. In the latter case, it is mainly the 
price of the base metal that dictates the extraction of the 
by-product metals. See also chapter “Definition of critical 
raw materials and their complex market” and the glossary.

Some critical metals, such as REEs, have a relatively small 
global market in terms of both volume and value. This 
means that they can suffer a price collapse if global pro-
duction increases rapidly with the opening of just a few 
new larger mines, despite their criticality. It also makes large 
mining companies less willing to invest in such projects. 

Simply having a producing mine is not enough to ensure 
access to metals and minerals. It is also necessary to have 
access to the various smelting and refining processes that 
are needed to produce pure metal and, by extension, criti-
cal semi-finished products such as batteries or magnets. 
The reason for this is that these process industries are high-
ly capital-intensive and require specific expertise.

The green transition is leading to increased dependence 
on various critical raw materials and the value chains where 
they are processed. This could have an impact on geopoli-
tics, making it more about exerting influence over not only 
the early stages of the value chain, but processing as well 
(Emanuel Hache, 2018).

China's dominant position
From a global perspective, China dominates the processing 
steps for the production of several critical metals and min-
erals. It also dominates the entire supply chain for REEs, in 
terms of both primary extraction and refining into pure met-
als and semi-finished products. The chart in Figure 12 shows 
how Chinese companies' control over the production of co-
balt, lithium and REEs increased significantly between 1985 
and 2018, compared to that of companies from other regions.

China and Australia are the world's two largest, roughly 
equal, mining countries ranked by value of production, 

excluding coal, oil and gas. China accounts for about half 
of the world's total use of most metals and minerals. How-
ever, China has to import large quantities of base metals 
such as copper, as well as iron ore and bauxite, in total 
volumes and values that far exceed those of strategic met-
als. Chinese iron-ore imports alone in 2022 amounted to 
1,100 million tonnes, representing 70% of the world's total 
imports. The country’s imports of copper and nickel are 
also significant.

In an international comparison, China's mining industry con-
sists mainly of relatively small mines and mining companies. 
This is for historical and geological reasons. Until the revo-
lution in 1949, China was primarily an agricultural country. 
The mining industry consisted mainly of small-scale mines 
with manual operations, primarily extracting coal. With rap-
id economic development, a mechanised mining industry 
emerged, but the sector is still divided into many small en-
tities. Geological reasons also contribute to this situation. 
Many Chinese mines extract ores and ore types that are 
seldom found in larger volumes, resembling early mining 
practices in, for example, Central Europe.

The average Chinese iron-ore mine produces around 
100,000 tonnes per year. Although there are perhaps 3,000 
mines in the country covering a wide size-range, none is 
truly large. For comparison, annual production from Kiruna 
and Malmberget in Sweden is in the order of 10–15 million 
tonnes each, while Kaunis, considered a small mine on a 
global scale, outputs around 2 million tonnes. There is no 
Chinese company among the world's top ten, even when 
considering companies’ production outside China.

China's expansion through the acquisition of mines world-
wide, particularly in Africa, has garnered significant atten-
tion. However, despite an aggressive strategy, Chinese min-
ing companies outside China only control around 3% of the 
total value of global mining production. The top ten non-
Chinese companies collectively control significantly more 
– between 25 and 30%. Hence China's influence over the 
global mining industry should not be overstated. However, 
even though the pace of overseas expansion appears to 
have slowed in the last five years, influence is likely to in-
crease as China is expected to continue its efforts to reduce 
import dependence (Ericsson, Löf, & Löf, 2020).
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China's dominance over critical metals is not a ‘given’. In 
2010, China reduced exports of REEs to Japan following a 
border dispute between the two countries. Japan and most 
other countries interpreted this as China using export re-
strictions as a tool to influence Japan. China itself claims 
that it regulates exports of REEs in order to promote do-
mestic industry and reduce environmental impacts. When 
the restrictions were introduced, prices rose sharply but 
subsequently receded again. A decade later, China's share 
of global REE output had fallen because extraction had in-
creased in other countries. Japan also launched several 
strategies to reduce its vulnerability, such as material-effi-
ciency improvements and the development of technolo-
gies not using REEs. Japan also stocks some critical mate-
rials to secure the needs of its high-tech industry in case 
of temporary import restrictions. In 2023, China imposed 
export restrictions on gallium and germanium, and on sep-
aration technologies for REEs.

China's dominant role in critical raw materials is multi-fac-
eted. As shown in Figure 13, the country holds a dominant 

position in the processing of many metals and minerals. 
However, this cannot be directly translated into China’s abil-
ity to leverage it as an effective negotiating tool. Even in the 
case of Japan, where the country had significant vulner-
ability, it is doubtful whether China gained anything in the 
short term by restricting exports. In the long run, it lost its 
dominant position in the extraction stage. 

New legislation and governmental 
support in other countries
Legislation and governmental support for national value 
chains of critical raw materials outside the EU, such as the 
Inflation Reduction Act (IRA) in the USA, are generally con-
sidered to have little impact on Europe's macro economy. 
However, it has already become clear that other regions can 
attract significant investments from EU-based companies 
that were originally intended for Europe (Automotive News 
Europe, 2023) (Electrek, 2023) (CNBC, 2023).

Figure 12: China's control over critical metals resources has increased over the past 30 years. Its percentage share 
of global production of cobalt, lithium and REEs. Source: RMG Consulting, Presentation at the conference: Mineral 
deposits as a basis for raw materials safety, Kraków, 10 May 2022.

0%

20%

40%

60%

80%

100%

201819852018198520181985

Emerging economies

Industrialised countries

China

USSR/CIS

Cobalt Lithium REE



33

7. Geopolitical aspects of the market for metals and minerals

The following is a selection of the most important new leg-
islation and governmental action that has had significant 
impact on the mining and critical mineral industries world-
wide over the past 2–3 years. In addition to these, there is 
China's continuing focus on supporting and strengthening 
its domestic raw-material industries, and on ensuring ac-
cess to critical raw materials from other countries. 

USA: Inflation Reduction Act (IRA)

Signed in August 2022, the IRA is the largest measure ever 
taken by Congress and the US government to combat cli-
mate change. It provides billions of dollars in tax incen-
tives for renewable energy, and aims to increase domestic 
access to minerals to support the transition to renewable 
energy, electric vehicles and batteries.

The IRA incentivises domestic mineral production through 
tax credits for fossil-free vehicles and deductions for ad-
vanced manufacturing processes. The law allocates up to 
US$500 million for 'enhanced use' of the Defence Produc-
tion Act (DPA) to strengthen the USA’s supply chain for criti-

cal minerals. Despite these provisions, the progress towards 
the use of domestic sources for critical minerals is chal-
lenged by both the well-established Asian supply chain, 
and the fact that developing new mines in the USA takes 
a considerable amount of time. 

EU: Critical Raw Materials Act (CRMA)

Announced in March 2023, the CRMA aims to promote indus-
trial sustainability, the EU's strategic independence, and resil-
ience in the EU’s value chains. The goal is to ensure a secure 
and sustainable supply of raw materials crucial to the EU's in-
dustry, and to reduce significantly the EU's dependence on im-
ports from suppliers in individual countries outside the union.

The CRMA established a list of strategic raw materials cru-
cial for technologies related to the green transition, digitali-
sation and defence. The regulation also sets benchmarks 
for domestic capacity in various parts of the strategic raw-
materials supply chain to be achieved by 2030. For the stra-
tegic raw materials consumed within the EU, the objective 
is that 10% should be extracted, and 40% processed, within 

Figure 13: China's share in the extraction and production of REEs declined following a border dispute with Japan in 
2010 that had global consequences. Source: Rizos & Righetti, 2022.
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the union. Additionally, the goal is for the EU's recycling ca-
pacity to cover 25% of consumption, and for a maximum 
of 65% of each strategic raw material to be imported from 
a single country. The proposal includes measures such as 
national programmes for basic geological mapping, and 
the possibility of applying to become a so-called ‘strate-
gic project’ with time-limited permitting processes. A lin-
guistic and legal review of the proposal is set to come into 
effect in 2024.

Australia: Governmental support 
and funding for critical minerals

Alongside China, Australia is one of the world’s most sig-
nificant mining countries. It is the only industrialised coun-
try among the top ten nations where the mining industry 
is the largest industry sector, thus being crucial for the 
country's economic development. Exploration is thriving 
in the country, thus ensuring substantial ongoing mining 
production. 

Many Australian ‘junior’ companies1 are also active world-
wide, particularly in Southeast Asia, Africa and Latin Amer-
ica. At both the state and federal levels, Australian politi-
cians see the upcoming increase in demand for metals 
and minerals as an opportunity to supply many of the raw 
materials required. In addition, they see the opportunity to 
continue the country's economic development based on 
both mining production and increased processing. Signifi-
cant programmes have been initiated to acquire additional 
geological knowledge to enhance understanding of the in-
dustry's opportunities and challenges.

In October 2023, the Australian government announced 
an increase in the state budget by A$2 billion for financing 
the production of critical minerals. With this, the govern-
ment's investment in Australian resources increased to A$6 

1 Junior companies usually have no income from mines of their own, but conduct exploration with the help of venture 
capital.

billion, which is expected to solidify Australia's position as a 
global leader in the supply of critical minerals. The funding 
will double the capacity of Australia's Critical Minerals Fa-
cility to finance Australian mining and processing projects 
for critical minerals.

Canada: Federal Strategy for Critical 
Minerals and Intervention against Chinese 
Ownership in Critical Lithium Projects

Like Australia, Canada has significantly increased its min-
ing production since the 1960s. While the mining industry 
is not as dominant as in Australia, the country is still one of 
the world's leading mineral producers. The stock exchanges 
in Toronto and Vancouver serve as global financial centres 
for small and medium-sized mining companies. Canadian 
junior companies are active primarily in Latin America but 
also in other parts of the world, such as Africa. Like Australia, 
the mining industry in Canada is regulated at the provincial 
level, with several provinces having modern legislation that 
is considered attractive to investors.

In December 2022, the federal government released the 
Canadian Critical Minerals Strategy. Among other things, 
this calls for accelerating regulatory decisions for mining 
projects.

After the introduction of stricter regulations on foreign in-
vestment in the critical minerals sector, in November 2022 
the Canadian government ordered four Chinese compa-
nies to divest their assets in lithium companies in the coun-
try. The affected companies were Sinomine (Hong Kong), 
Rare Metals Resources, Chengze Lithium International and 
Zangge Mining Investment (Chengdu), all of which were re-
quired to divest their investments in Power Metals, Lithium 
Chile and Ultra Lithium respectively – three junior compa-
nies prospecting for lithium deposits in Canada.
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The decision was made under the Investment Canada Act 
(ICA), which examines foreign investments from a national 
security perspective. The action was part of a broader strat-
egy by the Canadian government to limit the involvement 
of foreign state-owned companies in the industry. How-
ever, the decision has raised concerns. Robert Friedland, 
the founder of Ivanhoe Mines Ltd., one of Canada's largest 
mining companies, stated that Canada's crackdown on Chi-
nese investments in critical minerals would make it more 
challenging for the Canadian mining industry to produce 
the metals needed for the global energy transition by – in 
the long run – stifling a crucial source of venture capital 
for junior companies.

New partnerships with mineral-rich 
countries are needed to secure the 
supply of metals and minerals

Europe can no longer rely on functioning global trade to 
meet its needs. To reduce the vulnerability of supply chains, 

Sweden and the EU should enter into new strategic part-
nerships with countries that have either mineral resources, 
refining processes, or the production of strategic compo-
nents.

Sweden is already a major exporter of metals and minerals 
within the EU but can still learn a lot from Canada and Aus-
tralia as mining countries. Their conditions and challenges 
resemble Sweden’s, but they have different strategies for 
securing their supply of critical metals and minerals, and 
their role in the market.

Africa has significant resources of metals and minerals. 
African initiatives, such as the planned economic zone for 
battery raw materials and components (a collaboration be-
tween Zambia, the Democratic Republic of the Congo and 
the African Union) deserve Swedish and European sup-
port. Sweden and Europe should expand cooperation with 
African countries for several reasons: to secure access to 
critical metals and minerals; to strengthen the economies 
of those countries; and to contribute to more sustainable 
mining globally.
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8. Sweden as a 
mining country

»Sweden's industrial development is based 
on its natural resources, engineering, 
research and successful entrepreneurship.«
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With a long and rich history of mining, Sweden is one of the 
largest, most important mining countries in Europe today, 
in terms of both production and technology. In particular, 
the long tradition of continuously developing technology 
and science around mines and ore prospecting has led to 
a strong and innovative Swedish industry, often referred to 
as 'the Swedish mining cluster', see below. 

Swedish mines produce iron ore, base metals (copper, lead 
and zinc) and precious metals (gold and silver). Sweden is also 
one of the world's largest producers of high-grade iron ore, 
as well as accounting for 92% of the EU’s iron-ore production 
(SGU, 2023). Figure 15 shows Sweden's share of the EU27’s pro-
duction of copper, lead, zinc, iron ore, gold and silver. 

Sweden’s mineral-rich bedrock also contains several met-
als for which demand is increasing. In some cases, they are 
found in the same orebodies as metals already being mined, 
which results in them ending up in mining waste or being 
sold raw to be extracted in another country. They can also 
occur in other deposits in areas where there are no active 
mines at the moment.

The map in Figure 17 shows examples of areas with potential 
for new discoveries of critical metals and minerals. Knowl-
edge of the content in Sweden’s bedrock is limited since 
the focus has so far been mainly on iron ore and base met-
als, and the country’s exploration tools are adapted to these 
deposits.
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Along with base-metal ores such as copper, lead and zinc, 
as well as a lesser production of precious metals (gold and 
silver), iron ores have traditionally been the most significant 
target for the Swedish mining industry. They are still the fo-
cus for both exploration and production. However, with the 
start of mining at Boliden's Kankberg gold-tellurium mine, 
Sweden has become an important international producer 
of the semi-metal tellurium, crucial for high-efficiency solar 
cells. The EU’s only graphite mine, at Voxna in Hälsingland, 
operated for a few years up to 2016, while a new graphite 
mine is being planned at Vittangi. 

The Swedish mining ‘cluster’ 
Sweden's industrial development is based on its natu-
ral resources, engineering, research and successful en-
trepreneurship. Swedish primary industries process the 
country’s forest and mineral resources with the help of 
an almost fossil-free electricity system where hydropower 
plays a crucial role in ensuring well-functioning electricity 
supplies. These industries are world leaders and are glob-
ally competitive thanks to their high level of technology. 

The companies involved are professional buyers of equip-
ment from Sweden’s engineering sector, challenging it to 
be a market leader as well, and hence more competitive 
globally. This symbiosis forms the basis for the Swedish 
mining ‘cluster’.

The cluster consists of the mining sector, suppliers of 
mining equipment, industries that produce input goods 
for the mining industry, consultants and research and 
development resources at universities and companies. 
Downstream in the value chain are the steel and metal 
industries that process materials produced by the min-
ing sector. The Swedish mining cluster accounts for 3% 
of the country’s GDP, 8% of Sweden's exports and an esti-
mated 100,000 to 125,000 jobs each year. On a provincial 
basis, it is the most important contributor to the provin-
cial economies of Norrbotten and Västerbotten (Copen-
hagen Economics, 2021).

The Swedish mining equipment industry consists of a large 
ecosystem of highly specialised companies such as ABB, 
Epiroc, Sandvik, Volvo, Scania and SSAB: all of them world-
leaders in their respective fields. The interdependence be-
tween the mines and these equipment manufacturers has 
been, and remains, very important. New high-tech com-
panies are emerging that will contribute to the continued 
successful development of the mining cluster, such as Mi-
nalyze, Oryx Simulations, Mobilaris and OreExplore. Com-
panies like Northvolt contribute indirectly by increasing 
the demand for battery metals and hence also the devel-
opment of new technologies for their extraction and recy-
cling. See Figure 22.

Exploration in Sweden
Like mining, prospecting and exploration for ores and min-
erals has ancient origins. Until the 19th Century, most ore 
discoveries were based on finding ore in rock outcrops. 
The subsequent development of increasingly sophisticat-
ed methods, combining geology, geophysics, geochemis-
try and rock drilling technologies, has led to the discovery 
of deeper, concealed deposits – deposits that were previ-
ously inaccessible.

Figur 15: Sweden's share of the EU27's production of 
copper, lead, zinc, iron, gold and silver. Source: Statistics of 
the Swedish Mining Industry 2022, SGU 2023:1. 
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Carried out by a few large Swedish companies as well as 
smaller ones (both Swedish and foreign), exploration has 
mainly focused on traditional base, ferrous and precious 
metals. With greater awareness that society needs other, 
often critical, metals and minerals, exploration for these 
has also intensified recently. Within Sweden, exploration 
and mining projects are now focusing on commodities in-
cluding REEs, graphite, fluorspar, phosphorus, vanadium 
and lithium.

The big Swedish mining companies, LKAB and Boliden, 
together account for 78% of exploration investment, 
while almost 85% of the exploration is being carried out 
by companies that are operating active mines in Swe-
den (SGU, 2023). Most of these companies' expenditure 
consists of so-called near-mine exploration; that is, with-
in or near existing mining operations. The remainder is 
carried out by junior companies, which usually have no 
revenue from mines of their own but are financed by 
venture capital. Meanwhile, Sweden is also attracting in-
terest as a target for exploration from the largest global 
mining giants. New exploration players are important for 
the inflow of new ideas, technologies and approaches 
to Swedish exploration.

Despite the need for critical and strategic metals and min-
erals, most exploration investment is targeted on metals 
such as copper and gold. This is true not only in Sweden 
but also globally (S&P, 2023). At the end of 2022, no fewer 
than 640 exploration licences were valid, covering 40 dif-
ferent metals and minerals. It has to be borne in mind, of 
course, that very few exploration licences result in mining 
activities. Globally, 1 out of 1,000 exploration licences leads 
to the opening of a mine.

Europe struggles to attract exploration investment, most 
of which is channelled to North and South America, and 
to Australia. In fact, only about 3% of exploration invest-
ment (excluding iron ore) reaches Europe, see Figure 19 
(Ericsson, 2023). Reasons for this include complicated 
permitting processes as well as a lack of knowledge of 
the geological potential. Most of the exploration invest-
ment targeted at Europe goes to projects in Sweden 
and in Finland.

For junior companies, access to capital is often a limiting 
factor in developing new deposits. Many of these compa-
nies rely on venture capital in various forms to run their op-
erations and are therefore highly dependent on the state of 
the economy, metal prices and the risk investment climate 
in various capital markets. To stimulate exploration outside 
the large mining companies and to influence the direction 
of exploration for strategic metals, Sweden should consid-
er some form of governmental intervention for exploration 

Figure 18: One interesting project for the potential 
future mining of minerals rich in REEs is at Norra Kärr, 
east of Lake Vättern. The picture shows part of the 
mineralised rock outcrop, with plenty of reddish crystals 
and aggregates of minerals from the eudialyte group, 
the main ore mineral in this deposit. The loupes are 
shown for scale, the largest being 4 cm long. Photo: Erik 
Jonsson.
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in the same way as is done in Finland and Japan. Similar 
initiatives used to exist in Sweden, in the 1960s and 1970s.

Exploration projects targeting critical raw materials that are 
now progressing well in the permitting process to establish 
a mine include the graphite deposit at Vittangi in Norrbot-
ten. The presence of REEs has also been demonstrated in 
several places, for example at Norra Kärr, east of Lake Vät-
tern. LKAB is aiming to extract REEs and phosphorus as 
by-products from its existing iron-ore operations and has 
also identified a new deposit, Per Geijer, for possible future 
mining if a licence is granted.

However, challenges related to insufficient knowledge 
about critical metals and minerals, their occurrence and 
formation processes, as well as various metals' host miner-
als and general geological positions, mean that there is still 
a long way to go before Sweden’s full potential for them is 
likely to be realised.

Viewing geology and exploration in 
terms of innovation 

Exploration is a value chain that needs to be developed. 
It is based on science and basic research in geoscience 
and geophysics. To manage the new demand for metals, 
greater expertise and innovation in prospecting method-
ology must be developed in Sweden, such as the use of 
advanced geophysical technology on aircraft, helicopters 
and drones, and for drill core scanning.

Integrated knowledge of bedrock geology, mineralogy and 
geophysics is crucial for successful exploration. It is also 
important to develop theories and models for ore forma-
tion in order to predict the location and extent of depos-
its. The lack of sufficient research in ore geology and ore 
mineralogy is a problem in Sweden, and the focus needs to 
be expanded to critical metal and mineral-bearing systems 
and the challenges associated with lower metal grades. 

Figure 19: Distribution of investment in exploration in the world in 2022. The figures do not include exploration for iron 
ore. If this is included, Sweden's share of the total grows to around 1.2%. In total (including iron ore) over US$14 billion 
was invested in 2022, an increase of 16% compared to 2021. Source: S&P Global. 
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Table 1: Sweden's 13 active mines in 2022.  
Source: Statistics of the Swedish Mining Industry,  
SGU, 2023, Botnia Exploration, 2024.

Company Mine Ore/Metal

LKAB Malmberget Iron ore

Kiirunavaara Iron ore

Svappavaara Iron ore

Kaunis Iron Tapuli Iron ore

Lundin Mining Zinkgruvan Zinc, lead, copper, silver

Lovisagruvan Lovisagruvan Zinc, lead, silver

Boliden Mineral Garpenberg Zinc, lead copper, silver, 
gold

Kristineberg Copper, lead, zinc, silver

Renström Copper, lead, zinc, silver

Kankberg Gold, tellurium

Aitik Copper, gold

Mandalay Resources Björkdal Gold

Botnia Exploration Fäbotjärn Gold

8. Sweden as a mining country

Loss of skill and reduced mapping 
threaten exploration efforts

Regional geological knowledge is necessary for training fu-
ture geologists, for geological mapping and for research 
into Sweden’s mineral deposits. Up-to-date geological in-
formation is also essential for meaningful exploration; maps 
and data have a limited shelf life and need to be regularly 
updated using new technologies.

Today, expertise in Swedish geology at universities is de-
clining, which threatens geo-education and activities that 
need these skills, especially in exploration and mapping. 
The situation is acute as fewer and fewer researchers and 
teachers are choosing to focus on Sweden’s geology. In 
addition, the Swedish Geological Survey (SGU) is suffering 
from a loss of capability in regional geology and is carrying 
out far less geological mapping than before. 

Mining in Sweden today
Details of Sweden’s 13 active metal mines are shown in Ta-
ble 1. Five of them produce iron ore; the others base met-
als, and gold and silver. Apart from copper, no critical met-
als or minerals on the EU's list are now mined in Sweden. In 
addition to its metal mines, the country has almost 30 that 
produce industrial minerals.2

The current 13 metal mines can be compared to the 260 
that were in operation in Sweden at the end of the First 
World War, see Figure 20. Although the number of mines 
has fallen significantly since the middle of the last century, 
production has more than quadrupled, from around 20 mil-
lion tonnes of ore (iron and non-iron) in 1953 to almost 90 
million tonnes today (SGU, 2023). The Aitik open-pit mine 
has doubled its production, and the Kiruna and Malmber-
get underground mines have also increased their output. 

2 For example, graphite, quartz and lime.

Something all Swedish mines have in common is their high 
productivity on a global scale, whether they are very large, 
like the ones mentioned here, relatively small, like the mines 
in the Skellefte field, or really small, like the Lovisa mine in 
Bergslagen, see Figure 14 and 16. Most of the mines have 
been active for a long time, often for many decades. The 
Garpenberg mine dates from the Middle Ages, Zinkgru-
van and the Malmberget iron-ore mine started in the 19th 
Century, and Kiruna opened in the early 20th Century. All 
of these mines have historically been associated with fur-
ther processing in steel mills or in base-metal smelters and 
refineries. This connection has always provided a competi-
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Figure 20: Number of mines in operation in Sweden 1900–2022, split into iron ore mines and non-iron ore mines. 
Source: SGU's Mining Statistics 2023.

Figure 21: Ore production in Sweden 1900–2022, split into iron ore and non-iron ore. Source: Statistics of the Swedish 
Mining Industry 2022, SGU 2023:1. 
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tive advantage, even though ore is also exported or import-
ed when profitable. The recent increase in production has 
resulted from large-scale and cost-effective mining with 
new, more productive machinery in both open-pit and un-
derground mines. 

Sweden’s smelters
Several active steel producers in Sweden process iron-ore 
products into iron and steel products: these include Hö-
ganäs, SSAB, Outokumpu, Alleima and Ovako. Alloy met-
als are often imported from other countries. One excep-
tion to this is the Turkish-owned Vargön Alloys smelter at 
Trollhättan, which produces ferrochrome from imported 
chromite concentrate. 

In addition to the ironworks and the ferrochrome plant, 
Sweden’s two primary smelters are the Boliden-owned 
Rönnskär copper smelter in Västerbotten and the Kubal 
aluminium smelter at Sundsvall, which is part of Russian 
oligarch Oleg Deripaska's world-leading Rusal aluminium 
company. Boliden’s large Bergsöe secondary lead smelter, 
located at Landskrona, is the Nordic region's only producer 
of recycled lead from traditional car batteries.

Copper is the principal product at Rönnskär, as well as gold, 
silver, lead, zinc and sulphuric acid, from ore concentrates 
originating from both Boliden’s own and other operators' 
mines and processing facilities. Rönnskär is also one of the 
world's leading plants for recycling metals from electronic 
scrap. In 2021, the company inaugurated a hydrometallur-
gical plant as part of its effort to recover more of the metal 
contained in by-products such as gas-cleaning dust and 
sludge that are generated continuously at Rönnskär. Bo-
liden also owns two smelters in Finland (Harjavalta and Kok-
kola) and one in Norway (Odda).

To meet future demand, metallurgy will need to be able to 
handle lower-grade ore concentrates and to extract more 
metal from complex ores. New technology and methodol-
ogy may also be needed to mine smaller orebodies, those 
that are currently left behind. More efficient processes and 
fossil-free reducing agents are also required.

Regarding hydrometallurgical methods applied to critical raw 
materials, there are several examples of initiatives in Sweden 
and the Nordic region that have already been launched or 
are close to it, in both time and implementation.

Talga AB has been granted permission to extract graphite 
ore at Vittangi and thermochemically refine it into graphite 
anode material for lithium-ion batteries (Talga, 2023). The 
company emphasises that one of its challenges will be the 
transition from laboratory scale to pilot plants and then to 
the industrial production of graphite anodes.

LKAB's ReeMAP project at Luleå is aimed at extracting criti-
cal raw materials from mining waste. Working in collabora-
tion with Luleå University of Technology and local industry, 
LKAB aims to establish a centre for the chemical engineering 
industry to develop methods for extracting mineral fertilis-
er, REEs, gypsum and fluorine. The materials will be extract-
ed from tailings from iron-ore production at the Kiruna and 
Malmberget mines, the tailings having undergone a further 
processing step to produce an apatite concentrate before 
being deposited in tailings dams. This concentrate will be 
transported by rail to Luleå Industrial Park for further refining 
using hydrometallurgical processes that involve dissolution 
in hydrochloric acid and the separation of fluorine, phos-
phoric acid and mixed rare-earth oxides. These oxides will 
then be sent to Norway for separation into individual met-
als. The plant is planned for operation in 2027 (LKAB, 2023).

To summarise, several activities are already under way, but 
major challenges remain. While technological development 
is very important for increasing the efficiency and sustain-
ability of all types of metallurgical processes, at the same 
time the development of knowledge and training, new busi-
ness models and material flows is needed so that Sweden 
can process and refine its own mineral resources when new 
deposits come on stream.

Permitting processes 
Permitting processes play a central role in the discussion on 
how the increased demand for metals and minerals should 
be met. This applies both to their appropriateness in Swe-
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Figure 22: Illustration of the Nordic mining ‘cluster’: Nordic and international companies 
operating in Sweden, Norway and Finland. Source: RMG Consulting, 2024.
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den and other countries within the EU, as well as to how 
differences between various countries in the international 
market affect competitive conditions between companies 
in different markets.

From a societal perspective, the permitting processes are 
democracies’ way of managing environmental risk in both 
the short and long term, resolving conflicting objectives, 
and managing conflicting interests. The processes always 
end in a decision where the actual considerations, often 
made over a long period of time, can be analysed after-
wards.

Viewed in this context, as the function of making difficult 
trade-offs between different societal interests, it is natural 
for permitting processes to be debated and questioned. 
Today, they are criticised for taking too long, for not being 
able to manage trade-offs between local and global envi-

ronmental benefits, and for not being sufficiently open to 
necessary compromises between different interests. Vari-
ous stakeholders often express a desire for politicians to 
take a step forward and act more decisively.

One of this project's expert groups addresses Sweden’s 
permitting processes specifically, with the ambition of 
providing as accurate a description of the current situa-
tion as possible. Their focus is on highlighting the actual 
possibilities and limitations that exist today from various 
stakeholders' points of view. The expert group’s main task 
has therefore been to create a basis for proposals for im-
provements, respecting the many difficult trade-offs be-
tween different societal interests such changes require. 
For further details, see the forthcoming report 'Increased 
Demand for Metals and Minerals – Strategies and Conflicts 
of Objectives and Interests' within the IVA's Roadmap for 
Metals and Minerals project. 
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9. Definition of critical raw materials 
and their complex market

»Most critical metals are by-products of 
base metals that are extracted in larger 
volumes. This makes for a complex market.«
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Metals and minerals are divided into 
different categories and given different 
names based on different purposes. 
Categorisation varies between countries/
regions. Examples of classifications within 
the EU are: 

Critical materials: A raw material is defined 
as critical if there is a significant risk of 
supply disruption and it has a significant 
impact on the economy. 

Strategic materials: A raw material that is 
crucial for the green and digital transitions 
and/or in defence and space applications. 
All strategic materials are also defined as 
critical. 

Position in the periodic table: The scientific 
classification of metals as elements is based 
on their physical properties and position in 
the periodic table. 

See the glossary for more about the different 
categorisations of metals and minerals. 

DEFINITIONS

9. Definition of critical raw materials and their complex market

 
There is no universal, unambiguous definition of critical raw 
materials. The definitions used today usually refer to met-
als and minerals that have not previously been used to any 
great extent and are therefore relatively uncommon or rare, 
not least in terms of extractable resources. They should also 
be of high economic importance for a particular industry, 
industrial sector, or geographical area.

Many critical metals are characterised by the fact that they 
are rarely produced in large volumes globally, and/or that 
they are rarely included in products in significant quantities 
compared to steel and the base metals copper, zinc, lead 
and aluminium. However, they often constitute essential 
components where substitutes are not usually an option, 
as it would involve shifting the supply problem from one 
critical raw material to another, or impairing performance.

Global demand for traditional metals, such as iron (steel) 
(2,000 Mt/year), aluminium (70 Mt/year) and copper (20 
Mt/year), differs markedly from the demand for the most 
critical raw materials. Demand for these is on a completely 
different scale: for instance, REEs (200,000 t/year), cobalt 
(150,000 t/year) and platinum group metals (400 t/year).

The EU has also introduced the classification of 'strategic 
materials', which holds particular relevance for strategic 
technologies related to the green transition, digitalisation 
and defence. Similar definitions have been developed in 
other countries and regions.

See info box on the right. 

Complex markets for 
several critical metals
As mentioned before, several of the critical metals are by-
products from large-scale base metal mining. They occur 
in low concentrations in ores together with the base met-
als, and therefore rarely or never form their own mineable 
deposits with current technology and price levels. 
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9. Definition of critical raw materials and their complex market

Figure 23: The metal wheel shows how various metals are found in connection with different types of ores 
(oxide and sulphur compounds are the most common), and the by-product metals that can be associated 
with different types of base-metal mineralisation. Source: Reuter, van Schaik, Gutzmer, Bartie, & Abadias-

Llamas, 2019. See also the periodic table on page 14 for deciphering the chemical symbols.
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When they are extracted, it is as by-products in the lat-
er stages of the metals' production chain, in smelters or 
during metal refining through, for example, leaching and 
chemical separation. If the by-product metals can be ex-
tracted at a profit, they generate an increase in the value 
of the ore, but they can also cause problems that increase 
production costs. The extraction of the by-product met-
als often requires investment in sophisticated processes. 
Since the volumes of these metals are small compared 
to base metals, it can be difficult to make any investment 
economically viable for an individual company. For this 
reason, many of the metals society might need today can 
be found unused in mining waste such as waste rock piles 
or slag dumps.

The low volumes also mean that it is not profitable to mine 
these critical metals without extracting the main metal 
from current deposits. For example, cobalt is present in 
many ores, together with nickel and copper. In simple 
terms, increased extraction of cobalt therefore occurs in 
conjunction with increased production of nickel or copper. 
Another example is vanadium, which is extracted together 
with iron ore. In the long run, this means (somewhat simpli-
fied) that the extraction of cobalt and vanadium is largely 
controlled by the market for nickel and copper and iron 
respectively – or that demand for the by-product metals, 
if the price gets high enough, affects the market for the 
base metals (Jonsson, 2021).

For this reason, only a small proportion of any by-product 
metal is normally recovered (Fu, Polli, & Olivetti, 2018) and 
in general, only a small proportion of the by-products con-
tained in a mine’s ore output is likely to be separated out 
using current technology and prices. Even at this lower 
level, there is potential for supply that exceeds current 
demand, but no data are available to determine exactly 
how much of all by-product metals could be recovered. 
For example, theoretical calculations on the global level 
for gallium and germanium indicate that the potential is 
about ten times higher than what is currently separated 
(Frenzel, Mikolajczak, Reuter, & Guzmer, 2017).

For indium, the potential is much lower, but it is still three 
times greater than current production. It is not clear ex-
actly why more of the mineral value is not extracted: the 

explanation is probably a combination of low-profit mar-
gins for the producer and the high-risk new investments 
required. The environmental impact of these processes 
and the associated licence requirements may also con-
stitute obstacles.

The dynamics between supply and demand are therefore 
complex. Supply is often relatively inelastic, meaning that 
even if demand increases and the price for the critical 
metal rises, the production of the metal will not increase; 
at least not in the short term. Instead, increased produc-
tion of the critical metal is influenced by the demand and 
production of its main metal. All base metals are traded 
in large volumes and priced on metal exchanges world-
wide. On the other hand, most critical metals are priced in 
a non-transparent manner with limited visibility and con-
trol (Reginiussen & Hallberg, 2018).
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10. Overview of the 
value chain for metals 
and minerals 

»Having a mine is not enough. 
You also need access to refining 
processes to be able to produce the 
pure metal and key components.«
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The value chains for metals and minerals begin with funda-
mental geology and exploration and, in an optimal system, 
end in the recycling of a sustainable product. This report dis-
cusses the supply of metals and minerals, from extraction 
or recovery from mining waste to the production of essen-
tial components needed for industrial development and a 
sustainable transition. Reuse and recycling are discussed in 
greater detail in the project's second report, 'Circular Flows 
to Meet Increased Demand for Metals and Minerals'. Figure 
24 illustrates the value chain discussed in these two reports. 

Exploration
Exploration is the search for economically recoverable depos-
its of metals, minerals and other natural resources through 
geological, geochemical, mineralogical and geophysical 
surveys. It is a necessary foundation for any mining opera-
tion and requires extensive fieldwork, sampling and analy-
sis. Exploration also provides important knowledge about 
the bedrock and the geology of the region. It is a complex 
and lengthy process that requires expertise and extensive 
surveys over large areas, which makes it very cost-intensive.

Only a small fraction of all exploration efforts develop into 
a working mine. Once a potential ore body is found, it can 
take up to tens of years to drill, analyse and collect more 
information on its composition and distribution. Despite 
often receiving large-scale investment, in the end very few 

projects lead to producing mines. Obstacles along the way 
may be that the deposits are too small or low-grade, that 
prices are too low during the period in question, or that it is 
difficult to obtain permits for environmental reasons (SGU, 
2023). Economic mineralisation – ore in the strictest sense 
– is therefore to be considered a rarity. 

Environmental aspects of exploration

Exploration typically does not have a significant impact on 
the natural environment, but this varies depending on the 
terrain in the survey area, the thickness of the soil cover and 
the techniques used. Examples of environmental impact 
include tree clearing, vegetation disturbance during terrain 
driving and temporary effects on surface and ground water 
during drilling. Sound and light conditions are also affected.

To prevent and minimise negative environmental impact, 
exploration should be carefully prepared by checking soil 
conditions and vegetation, finding suitable transport routes 
and identifying sensitive areas and objects (Svemin, 2018). 

Mining
A mine is a location where ore, minerals or other natural re-
sources are extracted. Mining can take place above ground, 

EXPLORATION REFINERY USEMANUFACTURING/
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Figure 24: Illustration of 
the value chain. Source: 
Roadmap for Metals and 
Minerals, IVA.
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in so-called open-pit mines, or underground. A mine is of-
ten combined with a mineral-processing facility where the 
raw ore is upgraded into concentrates or pellets for further 
treatment at smelters and, later, at refineries. See also the 
section Mineral processing below.

Once a mineral deposit has been found, a mining per-
mit is needed from the Mining Inspectorate of Sweden 
(Bergsstaten) and an environmental permit from the country’s 
Land and Environmental Court (Mark- och miljödomstolen). 
For a more comprehensive overview of Sweden’s permitting 
processes, see the forthcoming report 'Increased Demand 
for Metals and Minerals – Strategies and Conflicts of Objec-
tives and Interests' where these are discussed in more detail.

Establishing a mine is a time-consuming process. Starting 
from geological and technical data, a suitable mining meth-
od (either open-pit or underground) can be selected. In gen-
eral terms, low-grade, high-volume deposits are extracted in 
open-pit mines, while deeper, higher-grade but smaller de-
posits are mined underground. Different mining methods can 
also be adapted depending on the geological conditions.

Mining operations require infrastructure for energy sup-
ply, roads for transporting materials and equipment, and 
buildings for various activities. They also require facilities to 
manage water flows from various processes, such as dams 
and water-treatment plants. In addition, mines depend on 
a skilled labourforce and housing in the surrounding area 
to operate efficiently.

Infrastructure around the mine is also important for op-
erations. One example is the Iron Ore Line, the railway be-
tween the port cities of Luleå and Narvik (whose capacity 
is sometimes insufficient), or access to a road network that 
can manage heavy vehicles. Proximity to electricity supplies 
also affects the potential of mining operations. 

Mineral processing

Mineral-processing plants are usually located close to a 
mine to avoid having to transport large quantities of heavy, 
low-grade material over long distances. In the plant, ore is 

crushed and ground into fine sand to permit the separation 
of target minerals from other material. The ore minerals are 
then separated out using physical and chemical methods.

The process requires a lot of water, which is treated and re-
circulated; the extent to which this is done varies from site 
to site. The tailings that remain after separation may contain 
minerals and elements that are potential contaminants, such 
as sulphide minerals. Copper, zinc and lead often occur nat-
urally with sulphur as sulphide minerals (see Chapter “Defini-
tion of critical raw materials and their complex market”), with 
tailings being deposited in tailings dams to protect the envi-
ronment. The material is kept saturated with water to prevent 
its exposure to oxygen and the weathering of sulphide-rich 
minerals to form sulphuric acid – which can leach out residu-
al metals. At the same time, elements that are water-soluble, 
such as salts, may also leach out. For this reason, it is cru-
cial to know the mineralogy of the ore and the surrounding 
rock. Stringent requirements are placed on a tailings-dam’s 
construction to prevent it from bursting under the pressure 
of tailings and water, with dams being equipped with moni-
toring systems and sensors. Another challenge is that the 
tailings dams occupy large areas of land.

Dry waste storage can be used as an alternative to tailings 
dams. This occupies less space and is safer by reducing the 
risk of dam failure. It is unclear, however, whether dry stor-
age is suitable for Sweden’s climate, so more knowledge 
and technology development are needed to find alternative 
cost-effective solutions that can suit Swedish conditions. 

Environmental aspects 
of mining and processing

Mining ore to extract metals and minerals has an impact 
on the local natural environment and the global climate. 
Much can be done to minimise environmental impacts 
during operations, and to create conditions for restoring 
the soil and vegetation after a mine has closed. This re-
quires a holistic approach to the entire production chain. 
For example, it is important not to focus solely on the cli-
mate aspects. Biodiversity and water quality also need to 
be highly valued in analysis and planning.
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A mine itself affects soil and hydrology, which in turn af-
fects vegetation and wildlife. Facilities and processes in 
the area require not only energy and water, but also re-
sources such as chemicals. The extent of any environ-
mental impact depends both on the natural environment 
and the type of mineralisation in the area, and whether 
it is an underground or open-pit mine. The environmen-
tal impact also varies depending on the mining methods 
used, the energy supply, the chemicals used in the pro-
cess, the techniques used for water recycling and purifi-
cation, and how the waste is managed.

There are major differences in the conditions for prevent-
ing or remedying environmental impacts, depending on 
whether it is a question of: 

• ongoing operations in an existing mine;
• a new mine or an expansion to an existing one; or
• historical waste from previous mining operations. 

Minimising environmental impacts requires careful planning 
at an early stage. With better knowledge of the ore and the 
surrounding rock, it is easier to anticipate and prevent po-
tential environmental risks that may arise from water and 
waste management if a mine is developed, as well as to 
design appropriate remediation for when it ceases opera-
tion. Planning can also have a positive impact on product 
quality. The opening of a new mine therefore offers more 
opportunities for preventive measures. Being able to design 
a facility for future closure is a success factor.

New types of ore, processes and methods create new types 
of waste, sludge and pollutants for which there is still a lack 
of experience and research into their characteristics and 
behaviour; this may lead to stable metals being released 
and concentrated in leachates. To make better use of all 
the materials extracted from a mine, there may be benefits 
even at the planning stage in exploring potential uses for 
different residual flows, and whether these can become 
products instead of waste.

Underground mines do not have the same impact on the 
landscape as open-pit mines, which often involve exten-
sive changes to the landscape as waste rock overburden is 
excavated to reach the ore. Whilst this affects vegetation, 

biodiversity and water flows, the surface material removed, 
such as soil and peat, can be stored and then reused later 
to restore the land after operations have ended. Waste rock 
can also be used for backfilling open-pit or underground 
mines and, if there are no environmental risks, as a construc-
tion material at the mine – for building dams, for example.

Chemicals used in the separation of valuable minerals and 
for water treatment are consumed in the process and can-
not be reused. 

Electrification and autonomous 
vehicles reduce environmental impact

A mine and its facilities are energy-intensive. Open-pit 
mines often have lower energy consumption per tonne of 
ore than underground mines. However, when measured per 
tonne of produced metal, the result is often the opposite. 
The ore grades and the amount of waste rock that needs to 
be moved are crucial factors for a mine's energy consump-
tion (Priester, Ericsson, Dolega, & Löf, 2019).

Both electricity and (usually) liquid fuel are needed. The envi-
ronmental impact of electricity use depends largely on how 
the electricity is produced and what fuels are used. To mini-
mise climate impact, fossil-free electricity should be used.

Fuel is also needed to work machinery and for internal trans-
port. There is a trend towards electrification and digitalisa-
tion in mining with the aim of reducing its environmental im-
pact and improving worker safety. Autonomous vehicles are 
also being introduced that can be operated remotely from a 
control room. Using this type of equipment means that less 
waste rock has to be dug out, cutting energy consumption, 
and air quality is improved since less fossil fuel is needed 
once equipment electrification becomes more widespread. 

Prevent rather than purify water

A mining facility requires a lot of water in its processes, 
while water must also be pumped away from both open-
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pit and underground mines to prevent them from flooding. 
Sweden has both surface water sources and groundwater 
that can supply the industry with process water.3 (IVA, 2021). 
In other countries, water supply can be a critical factor for 
the industry's processes, and can influence the choice of 
methods used.

Water is affected by the surrounding soil, the bedrock, and 
by human activities. No water is completely unaffected, and 
both water quality and what affects it must be controlled. It 
is important to prevent water pollution during mining and 
any subsequent treatment process so that water can be 
recirculated and, in some cases, discharged back clean to 
the environment.

Purifying process water or leachate is often problematic 
as both can contain many different types of substances 
that require various treatment routes. All purification pro-
cesses, in turn, generate new waste (sludge) that must be 
disposed of. It is important to have good knowledge of the 
properties of the waste to distinguish and guarantee its 
long-term stability. The most profitable and long-term ap-
proach is to implement preventive measures to minimise 
any environmental impact at the earliest stage possible. 
Costs increase over time, while the choice of potential al-
ternative measures decreases. 

Reworking mining waste
Mining waste can contain varying amounts of a range of 
metals and minerals. These might be the target minerals 
from the ore that was mined, or associated minerals that 
were not extracted or for some reason could not be recov-
ered. Technological development can change the situation 
in different ways. On the one hand, it increases the demand 
for metals that were not previously needed. Conversely, new 
technologies make it possible to extract metals and miner-

3 Climate change affects the potential water supply for industry, particularly in the south-east 
of the country.

als contained in mining waste. New, fast and inexpensive 
analysis technology also makes it possible to sample and 
analyse mining waste, which may contain substances that 
are needed today, in completely different ways than before.

The various types of waste can be categorised into waste 
rock (also known as gangue), tailings and slag. Waste rock 
consists of host rock and sparsely mineralised ore. Tailings 
refers to the deposits of finely ground material remaining 
after mineral processing. Slag is residual material from py-
rometallurgical processes, such as smelting. These differ-
ent types of waste usually contain varying concentrations 
of different metals (Jonsson, Lewerentz, & Persson, 2023).

Sweden’s active metal mines today account for an esti-
mated 85% of all the country’s accumulated mining waste. 
According to information from the companies, reported in 
waste management plans to the permitting authorities, this 
waste contains several of the metals and minerals that the 
EU has assessed as being critical.

Compared to mining, recovering minerals from mining 
waste avoids the actual mining and crushing/grinding (tail-
ings) stages, but the other steps in the process, such as 
smelting and refining, remain. If existing technologies are 
available to extract an element, and the savings in mining 
costs can cover the costs associated with the other steps 
in the process, extraction will be profitable. Environmental 
permits also have to be obtained, of course.

There is a general expectation that it will be possible to re-
cover supplies of some critical metals from historic min-
ing waste. However, it is questionable whether this is real-
istic, for several reasons. Any metals that can be extracted 
from this waste will only be available in limited quantities, 
and their extraction will not significantly reduce the total 
amount of waste. The excavation of waste requires new 
methods, such as sludge suction, and there is a risk of col-
lapse or landslides. During extraction, a new disposal fa-
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cility may need to be constructed since a large amount of 
the original waste will remain as waste even after the ex-
traction process.

Extracting metals from old waste can also be more com-
plex as the ore may have oxidised, minerals may have been 
coated, or metals may have been leached. This changes 
the mineralogy, and existing processing-plant systems may 
not be able to handle it.

Several companies have initiatives under way to explore the 
possibilities of extracting metals and minerals from mine 
waste in active mines. There are, however, technical, finan-
cial and legal obstacles that limit the possibilities of doing 
this. New technical solutions and expertise will be needed 
to recover metals from this source in Sweden’s metallur-
gical plants, which are not yet set up to do so. It may also 
be difficult to make the investments needed profitable. Po-
tential legal obstacles include issues such as ownership 
rights, permitting processes, responsibilities for contam-
inated land, uncertainties about the definition of waste, 
environmental assessments and regulations for waste dis-
posal (SGU & the Swedish Environmental Protection Agen-
cy, 2023). Extracting metals from old mine waste can also 
be very energy-intensive, and can have climate or other 
environmental impacts. This means that production from 
historic waste may not lead to any environmental benefit. 

Seabed mining
The possibility of extracting minerals on and under the 
seabed has received considerable attention on several oc-
casions over the last 50 years. At present, small amounts 
of minerals such as tin and diamonds are extracted from 
depths of up to a few hundred metres, while the largest 
volumes are those of sand and gravel that is extracted 
close to the shore. Resources of cobalt, copper, manga-
nese and nickel at greater depths (3,000–5,000 metres) 
are believed to be significant. Big technical challenges 
are involved and, despite several attempts, no production 
is yet up and running. Land-based production has so far 
been easier, cheaper and more profitable. The potential 
scale of any environmental problems created by produc-

tion from the deep seabed is still largely unknown. Con-
tinued research on seabed environments, and how the 
problems that may arise can be solved, is important (Löf, 
Ericsson, & Löf, 2022). 

Extraction and refining
After an ore has been concentrated in a mineral-processing 
plant, the concentrate is then treated further to extract the 
contained metal. This can be done through various metal-
lurgical processes, either based on melting the concentrate 
(smelting) or by extracting the pure metal chemically in a 
wet process. It can also be achieved through combinations 
of different processes.

Smelting techniques include pyrometallurgy and electro-
metallurgy. Both of these processes use high tempera-
tures to melt and separate the metal; the difference is in 
the source of the heat. By contrast, hydrometallurgy uses 
chemical solutions and water-based processes to extract 
the metal, sometimes also using electrolysis. The methods 
chosen depend on the metals to be extracted.

Although there is the potential for mining several of the new 
metals needed for increased electrification and digitalisa-
tion in Europe, there is a lack of both knowledge and the 
processes required to extract and refine them. Sweden is 
good at pyrometallurgy and smelting, but the new metals 
require completely different processes, infrastructure and 
skills, such as more hydrometallurgy, electrochemistry and 
chemical separation. New recovery plants are also capital-
intensive, especially if designed to produce new metals 
from low-grade concentrates, and new processes need to 
be developed. In addition, permitting processes are com-
plex and extensive environmental measures are required.

The environmental aspects 
of extraction and refining

Environmental impacts depend on several factors relating 
to the metal being processed, the techniques and equip-
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ment used, the waste generated, and how advanced the 
clean-up measures taken are. 

Pyrometallurgy is generally more energy-intensive than 
hydrometallurgy, as a lot of energy is required to melt ore 
concentrates at up to 1,200–1,300°C. In addition, various 
fluxes and slag formers (in the form of chemicals and nat-
ural resources such as sand and limestone) are required 
to prevent the need for even higher temperatures and to 
draw impurities out of the metal melt and into the slag. 
These contribute to the climate footprint and other envi-
ronmental impacts, such as contamination from sulphur, 
arsenic and other relatively volatile substances from, for 
example, sulphide ore.

Hydrometallurgical processes generally take place at rel-
atively low temperatures, even at room temperature, but 
on the other hand require several different chemicals for 
the dissolution and leaching stages as well as for separa-
tion, purification and precipitation. 

Components that rely on 
strategic metals and minerals 
Having access to pure metals is simply not enough in order 
to meet industrial needs and to manage the energy tran-
sition. A major challenge lies in the production of the criti-
cal components that industry depends on in later stages 
of production.

The European Commission has identified 15 areas of tech-
nology that are particularly vulnerable in relation to their reli-
ance on strategic materials.4 (JRC Science for policy report, 
2023). Examples of critical components considered here 

4 Lithium-ion batteries, fuel cells, electrolysers, wind turbines, electric motors, solar cells, 
heat pumps, hydrogen for direct reduction of steel and electric arc furnaces, data transmission 
networks, data storage and servers, smartphones, 3D printing, robotics, drones and satellites.

5 For more detailed descriptions, see for example the report 'Supply chain analysis and material 
demand forecast in strategic technologies and sectors in the EU — A foresight study' (JRC 
Science for policy report, 2023)

include batteries, permanent magnets and semiconductors 
which, in turn, derive their properties from various metals 
and minerals. These components are vitally important in 
the development and operation of fossil-free technologies 
including electric cars, data storage, wind turbines and fuel 
cells for hydrogen production.

The EU is largely dependent on imports of these critical 
components, making European industry vulnerable to dis-
ruptions in global supply chains caused by geopolitical fac-
tors, trade barriers or natural disasters, for example. See 
also chapter “Geopolitical aspects of the market for met-
als and minerals”.

The following paragraphs illustrate the EU's dependence on 
critical components containing strategic metals and miner-
als, taking batteries and permanent magnets as examples.5

Batteries 

Batteries are central to the electrification of the transport 
sector and could play an important role in electricity sys-
tems that are based on a high level of renewable genera-
tion. Their constituents such as lithium, nickel, manganese, 
cobalt and graphite are needed to achieve high capacity 
and efficiency.

Lithium-ion batteries (Li-ion) are the most popular battery 
technology for electric vehicles, energy storage and a wide 
range of electronic products on the market today. They 
have a high energy density, meaning they can store a lot 
of energy in relation to their weight and size. They have 
gradually replaced nickel-metal hydride batteries and lead 
batteries, which are heavier and have lower energy densi-
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ty. Research and development are ongoing into other bat-
tery technologies but, according to current assessments, 
lithium-ion batteries are expected to dominate the battery 
market for at least the next two decades (JRC Science for 
policy report, 2023).

The main components of a lithium-ion battery are the cath-
ode, anode, electrolyte and separator. Figure 25 shows the 
metals and minerals contained in the different parts of the 
battery.

Europe's lithium-ion battery supply chains are vulnerable. 
Figure 26 illustrates the vulnerability at each stage (red cir-
cles) and the share of European production at each stage 
compared to global production.

Initiatives now under way to increase self-sufficiency in-
clude the Swedish company Northvolt. However, it is not 
enough to set up a factory for battery production since 
most of the manufacturing of semi-finished products and 
raw materials for batteries, as well as their recycling, still 
takes place in other parts of the world, mainly in China. This 
means that the entire value chain must be assured, includ-
ing recycling the material once the batteries are worn out. 
Northvolt intends to close the loop by recycling end-of-life 
batteries in conjunction with its factories.

Asia dominates the market for lithium-ion batteries, fol-
lowed by the USA. Asian companies are also establishing 
a presence in Europe (examples are Korean companies in 
Hungary and Poland), but European companies are also 
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Figure 25: Raw materials in the different parts of a 
lithium-ion battery. Source: 'Supply chain analysis and 
material demand forecast in strategic technologies and 
sectors in the EU — A foresight study', JRC policy report, 
2023. European Commission. See the periodic table on 
page 14 for deciphering the chemical symbols.
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investing in the large-scale production of lithium-ion bat-
teries to meet increased demand.

While China dominates the market for refining and manu-
facturing batteries, it has significantly less domestic ac-
cess to the raw materials needed. In 2020, China account-

ed for 3% of the global mining capacity for cobalt and 11% 
for lithium. To secure these resources, Chinese companies 
have entered into agreements with players in the Demo-
cratic Republic of the Congo, South America and Australia, 
and often invest directly in mining companies and projects 
abroad (JRC Science for policy report, 2023). 

AssembliesProcessed materials Components

Li-ion batteries

Raw materials

2% 4% 3% 6%

Figure 26: There are risks at every stage of the lithium-ion battery supply chain. Europe's share of global production is 
shown for each stage. Source: JRC Science for policy report, 2023.

Figure 27: Estimated demand for neodymium-iron-boron (NeFeB) permanent magnets by application. Source: 
Developing a supply chain for recycled rare earth permanent magnets in the EU. CEPS In-Depth Analysis 2022  
(Rizos & Righetti, 2022).

Industrial applications60

50

40

30

20

10

0

2020          2025          2030          2035          2040          2045          2050 2020 2030 2040 2050

35%

10%

5%

18%

26%

3%
2% 1%1%1%

38%

11%

5%

20%

19%

3%
2%

40%

2%

13%

6%

18%

14%

3%
2%

19%

19%

10%

18%

6%

12%

4%
6%
4%

Consumer electronics

Audio devices

Wind Turbines (onshore)

Wind Turbines (o�shore)

Home appliances

Electric bicycles

Electric vehicles

Conventional vehicles



61

0%

20%

40%

60%

80%

100%

Rest of the World
Japan
Australia
Myanmar
USA
EU

Malaysia
China

     

Wind tu
rb

ines p
roductio

n

Electric
 ve

hicles p
roductio

n

RE m
agnets 

productio
n

RE m
etals 

refin
ing

Separatio
n of R

E oxid
es

Mining of R
E concentra

tes

Final applications (examples)RE permanent magnets value chain

94%91%

7% 5%

87%

11%

60%

15%

9%

8%
8%

45%

18%

23%

23%

14%

58%

19%

10. Overview of the value chain for metals and minerals 

Permanent magnets

Permanent magnets are used in a wide range of applica-
tions, given their ability to produce a constant magnetic 
field. Wind turbines and electric vehicles are the fastest-
growing applications, but virtually all products with an elec-
tric motor contain permanent magnets, such as pumps, 
robots and various household appliances.

Permanent magnets are made of materials with magnet-
ic properties, usually composed of certain alloys or com-
pounds. Most permanent magnets, especially the strong-
est, contain critical raw materials such as neodymium, 
praseodymium, dysprosium, terbium, boron, samarium, 
nickel and cobalt (European Parliament, 2023).

Sintered neodymium-iron-boron (NdFeB) is the strongest 
and most widely used permanent magnet material. It has a 
high magnetic strength and energy density combined with 
low weight and volume, properties that are particularly im-
portant in electric cars and wind turbines, and in powerful 
electric motors in industry. There are also simpler perma-
nent magnets that contain iron or aluminium-nickel-cobalt 
rather than REEs. These are used in smaller products such 
as consumer electronics. 

Demand for permanent magnets will grow strongly in the 
coming decade (Rizos & Righetti, 2022). The strongest driv-
ing forces are the transition to electric cars and the expansion 
of wind power. Figure 27 shows how demand for the most 
powerful permanent NdFeB magnets is expected to increase. 

Figure 28: The value chain for permanent magnets with the geographical distribution of the different process 
stages. Source: Developing a supply chain for recycled rare earth permanent magnets in the EU, CEPS In-Depth 
Analysis 2022 (Rizos & Righetti, 2022).
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10. Overview of the value chain for metals and minerals 

The value chain for permanent magnets can be divided 
into the generic steps described above: the mining, pro-
cessing and refining of metals; the production of mag-
nets; and finally production of the final product of which 
the magnet is part.

China dominates the market for permanent magnets in 
the entire value chain from mining and processing to the 
production of the magnets, see Figure 28. There is some 
production of permanent magnets in Europe, but the bulk 
of the region’s needs are met by imports, almost exclu-
sively from China. At almost 18,000 t/year, the EU as a re-
gion is the largest importer of Chinese NdFeB magnets 

(Rizos & Righetti, 2022). In total, EU imports account for 
36% of China's exports of these magnets, meaning that 
China controls 98% of the EU market for rare earth per-
manent magnets. See Figure 29.

There are significant resources of REEs within the EU and 
Sweden (Rizos & Righetti, 2022), but no magnet manu-
facturing. The heavy reliance on China for the import of 
powerful magnets makes the European industry vulnera-
ble to disruptions. At the same time, China's own demand 
for magnets is also increasing with the growing share of 
electric vehicles in its domestic market.

Figure 29: China's exports of rare earth permanent magnets, by importing country 
(thousands of tonnes) Source: Developing a supply chain for recycled rare earth 
permanent magnets in the EU. CEPS In-Depth Analysis 2022 (Rizos & Righetti, 2022).
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