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Disclaimer

The content of the publication herein is the sole responsibility of the publishers and it
does not necessarily represent the views expressed by the European Commission or its
services.

While AGEMERA is funded by the European Union, views and opinions expressed are
however those of the author(s) only and do not necessarily reflect those of the
European Union or the European Research Executive Agency (REA). Neither the
European Union nor the European Research Executive Agency (REA) can be held
responsible for them.

While the information contained in the documents is believed to be accurate, the
authors(s) or any other participant in the AGEMERA consortium make no warranty of
any kind with regard to this material including, but not limited to the implied
warranties of merchantability and fitness for a particular purpose.

Neither the AGEMERA Consortium nor any of its members, their officers, employees or
agents shall be responsible or liable in negligence or otherwise howsoever in respect
of any inaccuracy or omission herein.

Without derogating from the generality of the foregoing neither the AGEMERA
Consortium nor any of its members, their officers, employees or agents shall be liable
for any direct or indirect or consequential loss or damage caused by or arising from any
information advice or inaccuracy or omission herein.

Publication information This work is licensed under the Creative Commons CC BY NC
4.0 License. You are free to share and adapt the material if you include proper
attribution (see suggested citation), indicate if changes were made, and do not use or
adapt the material in any way that suggests the licensor endorses you or your use.
You may not use the material for commmercial purposes

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 2
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Executive Summary

Critical Raw Materials (CRMs)

Raw materials have become essential in manufacturing everyday goods and
technologies we use every day. Readily accessible raw materials are essential to EU
industries and for the continued growth of the European economy. The European
economy relies heavily on raw materials, many of which need to be sourced from
regions outside the EU. Where the impact of these raw materials on the EU economy
becomes significant, they may be deemed critical and referred to as Critical Raw
Materials (CRMs).

The European Commission pays close attention to the problem of resources because it
must import many raw materials that are of strategic importance for its technological
and economic development. The EU has determined that currently, 34 raw materials
are critical for Europe.

We are targeting a specific audience with specific educational tools to raise awareness
of raw materials. The target groups are university students, high school students,
professionals/ experts in the field and public/ policymakers. The main tools to educate
these stakeholder groups are AGEMERA courses, micro degree(s) and workshops.

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 3
No 101058178.
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1 Critical Raw Materials of Europe

1.1 Raw Materials and their Importance to Society

The use of natural earth materials has been crucial to the development and
advancement of societies through time. Materials derived from the Earth's crust are
integral to our daily life and have served many purposes in our development. The most
basic of these resources found in the Earth’s crust, coal, petroleum and uranium, have
been critical to energy security around the globe. Concentrations of minerals within
the Earth’s crust are important in producing materials necessary for the functioning
and future development of society. These may include base metals such as iron,
copper, nickel, zinc, tin and lead, which are necessary to common metal alloys and
essential to global development.

Precious metals and diamonds are also mined directly from rocks and throughout
history, have been important to the expansion of empires and securing trade. Raw
materials sourced from the Earth’s crust are also widely used in infrastructure and
construction (cement, building and roofing material) as well as for stone facades and
other polished ornamental features in building construction.

More recently, many of our technologies (mobile phones, computers, automobiles) and
sources of renewable green energy (solar and wind) have become more reliant on
metals not commonly mined or openly traded on global markets (i.e., rare-earth-
elements, indium, tellurium, germanium, gallium). These raw materials are necessary
for the development and mass rollout of renewable energy projects to address issues
of climate change and the move to a low-carbon economy.

1.2 Critical Raw Materials (CRMs)

Today, raw materials have become essential in the manufacturing of common goods
and technologies we use every day. Readily accessible raw materials are critical to EU
industries and the continued growth of the European economy. This growth has
resulted in an economy that is heavily reliant on raw materials, many of which are not
currently sustainable and need to be sourced from regions outside the EU. With future
global resource use projected to double by 2030, addressing raw materials from the
perspective of primary sources, use, and recycling becomes a priority. Where the
impact of these raw materials on the EU economy becomes significant, they may be
deemed critical and referred to as Critical Raw Materials (CRMs). CRMs are important
for many industrial applications and emerging technologies, which over time have
become more complex and make use of more raw materials with each new generation
of device. This is true of society in general, which has evolved to make use of more raw
materials available in the Earth’s crust and make use of them in more complex
combinations. An average smartphone typically contains more than 50 raw materials
combined in a device with a volume of 40 cm?® and weighs less than 200 grams. This

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 8
No 101058178.
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has implications for recycling and how to recover CRMs from technologies to address
issues with raw materials supply.

Critical Raw Materials are dependent on two factors:
- impact of any shortage of raw material.
- risk to the supply of a raw material.

The impacts of restricted raw material supply would consist of increases in the cost of
various technologies, reductions in manufacturing output and difficulties in the
adoption of EU Policies relying on certain technologies.

Supply risk arises primarily from the irregular distribution of some raw material
resources around the globe and is determined by geopolitical boundaries. Because of
this, resources can be concentrated within individual nations or regions of the globe.
This has resulted in a monopoly and possible supply restrictions due to environmental,
or regional political factors. Most of the Earth’s natural resources are distributed
around the globe, such that criticality may not arise. Those that are not equally
distributed run the risk of supply stoppages by the country providing them.

1.3 Reasons why a material becomes critical

Supply risk arises primarily from the irregular distribution of some raw materials
around the globe and is determined by geopolitical boundaries. Because of this,
resources can be concentrated within individual nations or regions of the globe. This
can result in a monopoly and possible supply restrictions due to environmental or
regional political factors.

The supply of raw materials can be at risk due to a variety of reasons. These can be
geological, environmental, economic, or socio-political:

e Deposits are located in one or very few countries.

e Low abundance in Earth’s crust.

e Problems in extraction and/or risk for the environment.
e Lack of alternatives in strategic applications.

e Absent or inadequate recycling network.

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 9
No 101058178.
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Figure 1. Contribution of countries accounting for the largest share of the supply of primary CRMs to the

EU.

(Source: https.//eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0474)

1.4 EU list of Critical Raw Materials

The EU has determined that 34 individual raw materials have been deemed critical for
Europe. It is important to note that although these may be CRMs from the perspective
of Europe, for their region of origin, these raw materials would not necessarily be
considered as critical. The current list of CRMs is not static and can change through
time as new resources are discovered or more abundant substitutions are found to
replace an element’s use in a particular technology or application. There are also
elements (e.g., Lithium and Tellurium) that do not currently fall in the critical field for
Europe but may become critical as supplies decline or new applications are developed
that require more of the raw material. Table 1 shows the EU list of CRMs and their main

use, main global supplier, and share.

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement
No 101058178.
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Table 1. CRM elements on the EU CRM list
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CRM elements on the EU CRM list

CRM Main use Main global
supplier and share
Australia 28%
Aluminium Lightweight structures « High-tech engineering China 21%
Guinea 18%
L . China 56%
Antimony E;trgtrai er:tardants * Defence applications * Lead-acid Tajikistan 20%
Russia 12%
China 44%
Arsenic Semiconductors  Alloys Peru 40%
Morocco 11%
Baryte Med_ical_applications + Radiation protection « Chemical (I::('j?:;é;/:
applications Morocco 9%
Beryllium Electronic and Communications Equipment ¢ United States 67%
automotive, aerospace and defence components China 26%
Mozambique 4%
. . C . China 70%
Y prop Japan 5%
o 5
Boron rI;|1i:;:11hr—]p:;,rformance glass - Fertilisers « Permanent Llriri't(elz)(ljesztgtﬁs 2504
9 Chile 11%
Congo, D.R. 63%
Cobalt Batteries * Super alloys * Catalysts « Magnets Russia 7%
Canada 4%
China 53%
Coking coal Coke for steel « Carbon fibres « Battery electrodes Austr_alla 18%
Russia 9%
United States 6%
Electronic components ¢ wiring * motors ¢ Chile 28%
Copper transformers « plumbing alloys peru 12%
China 8%
Tarkiye 32%
. L . India 20%
Feldspar Glass including fibreglass * Ceramics China 8%
Italy 7%
Steel and iron making ¢ Refrigeration and Air- Chln_a 56%
Fluorspar conditioning ¢ Aluminium making and other metallurgy Mexico 21%
Mongolia 7%
China 94%
Gallium Semiconductors ¢ Photovoltaic cells Ukraine 2%
Russia 2%
China 83%
Russia 5%
G . Optical fibres and Infrared optics » Satellite solar cells  Belgium 4%
ermanium L
* Polymerisation catalysts Germany 3%
Japan 2%

United States 2%

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement
No 101058178.
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Super alloys * Nuclear control rods Refractory

France 76%
Ukraine 14%

Hafnium ceramics China 5%
Russia 3%
United States 56%
Helium Controlled atmospheres * Semiconductors « MRI Qatar 30%
Algeria 8%
Lithium Eqa::;ll’ﬁs * Glass and ceramics * Steel and aluminium gﬂ:{;a;;j?
9y Argentina 11%
Lightweight alloys for automotive, electronics, Chi
. . . L . ina 91%
Magnesium packaging, or construction ¢ Desulphurisation agent in United States 3%
steelmaking
South Africa 29%
. . Australia 16%
Manganese Steelmaking * Batteries Gabon 14%
China 9%
China 67%
Brazil 8%

Natural Graphite

Batteries ¢ Refractories for steelmaking

Mozambique 5%
India 5%
Korea, North 5%

Nickel

Batteries  Steel making « Automotive

China 33%
Indonesia 12%
Japan 9%
Russia 7%
Canada 6%
Australia 5%

Niobium

High-strength steel and super alloys for transportation
and infrastructure * High-tech applications
(capacitors, superconducting magnets, etc.)

Brazil 92%
Canada 7%

Phosphate Rock

Mineral fertiliser « Phosphorous compounds

China 44%
Morocco 14%

United States 10%

Russia 7%

China 79%

United States 11%

Phosphorus Chemical applications ¢ Defence applications Kazakhstan 6%
Vietnam 5%
. . . . . China 67%
Scandium Solid Oxide Fuel Cells « Lightweight alloys Russia 17%
China 76%
o Semiconductors * Photovoltaics ¢ Electronic Brazil 7%
Silicon metal -
components ¢ Silicones Norway 6%
France 4%
. - . Iran 37%
Strontium gerﬁgtci:or::?n:t;téﬂc\:lﬁmérgum alloys * Medical Spain 34%
PP y China 16%
Congo, D.R. 35%
0,
Tantalum Capacitors for electronic devices * Super alloys Rwanda 17%

Brazil 16%
Nigeria 11%

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement
No 101058178.
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China 25%
South Africa 13%
Titanium metal Lightweight high-strength alloys, e.g. aeronautics, Australia 12%
space and defence * Medical applications Mozambique 10%
Canada 8%
Ukraine 6%
China 86%
Alloys, e.g. for aeronautics, space, defence, and Unlte_d States 4%
Tungsten electri’call téchnology  Mill ’cutting’and minir%g tools Russia 3%
’ Vietnam 3%
Austria 2%
China 62%
Vanadium High-strength-low-alloys, e.g. aeronautics, space, Russia 20_%
nuclear reactors * Chemical catalysts South Africa 11%
Brazil 8%
South Africa 94% -
Platinum Group Chemical and automotive catalysts « Fuel Cells ¢ |r|d|u'm, p'a“”“"?'
Metals (PGMs) Electronic applications rhodu_Jm, ruther_num
Russia - palladium
40%
Heavy Rare Earth  Permanent Magnets for electric motors and electricity China 100%
Elements (HREEs) generators * Lighting Phosphors
Light Rare Earth China 85%

Catalysts « Batteries * Glass and ceramics

Elements (LREES) Malaysia 11%

1.5 CRMs found in the EU

The EU still produces many CRMs in many member states. The EU extracts 34% of the
global supply of strontium in Spain; 14% of feldspar in Italy, Spain, France, Czechia,
Germany, and others; 3% of tungsten in Austria, Portugal and Spain.

The EU processes and refines 49% of the global supply of hafnium in France; 18% of
antimony in Belgium, France, Spain and many others; 17% of cobalt in Finland, Belgium
and France; 7% of germanium in Germany and Belgium; 5% of silicon metal in France,
Spain and Slovakia; 4% of nickel in Finland, Greece and France.

The other materials are produced in smaller shares, usually under 2% of global supply.
(“European Commission, Study on the Critical Raw Materials for the EU 2023-Final
Report”, p. 27)

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 13
No 101058178.
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1790t (1%)
Germany ; 35765t (2%)
Feldspar 252639 ¢ (1%} 354 564 ¢ (<1%)
Fluorspor 58403t (1%) 13 941t (11%)
Aluminium 532538t (1%) : b 1357471 (1%)
Antimony - 883t(1%) ; ! 598241 (3%)
Borate 18927 t(2%) 13t (1%)
Coking coal 10501 BO2 ¢ (2%)
Copper 662 180 ¢ (3%)
Germanium | 3t(3%)
Silicon metal 29950t (1%)
Netherlands
3 Antimony 604 t{1%)
Antimony -~ 83689t (3%) &
< Arsenic. 757t(2%) R
_ Bismuth 1000t n:
~ Cobalt Gﬂ!t& Coking coal 114218001t (1%)
Copper 366760t (2%) Copper 407295 t (2%)
Germanium S5t (1% Cokingcoal 87895581 (1%)
’ Copper 5370781 (2%)
France
Feldspar 530000 (2%) Hellum 267 t(1%)
Aluminium 405 692 t (1%) -
Antimony 6007 t (6%),
Cokingcoal 2910 000 t{>0%) Tungsten 931t (1%)
Hafnium 35 (49%) Copper 115563 1 {<1%)
Manganese 121100t (1%) Tungsten 2000t (2%)
silicon metal 130000 t (4%)
Bulgaria
Borytes 59400 ¢ (1%)
Portugal Copper 111372¢(1%)
Tungsten 601t (1%) Copper 220236t (1%)

53761 ¢ (34%)

554t (1%) 17632¢(1%)
300 000 t (<1%) : 12314 t(1%)
15531 (2%) i
Copper 410960t (2%)
Manganese 151 278 t (1%)
Silicon metal 220001 (1%)

Figure 2. CRMs in Europe

(“European Commission, Study on the Critical Raw Materials for the EU 2023-Final Report”)

1.6 Importance of CRMs in today’s digital and clean transition

The growth of the world's population and the continuous development of society rely
more and more on the availability of critical raw materials. Critical raw materials are
indispensable for the development and implementation of environmentally friendly
and modern technologies.

One of the major critical factors in the demand for commodities is the so-called battery
revolution, which stems from the goal of decreasing greenhouse gas emissions and
increasing the use of energy sources. Metals such as cobalt and vanadium are essential
for the new generation of batteries.

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 14
No 101058178.
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Figure 3. The need for elements found within the Earth’s crust, as technology advances

(Markus A. Reuter, llkka V. Kojo, Outotec Oyj, Materia2/2012)
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1.7 Existence of a CRM potential in EU countries

Table 2. The existence of a CRM potential in EU countries

, . Assumed unexploited
Current mine Known unexploited resources
Country . . resources only (no tonnage
production (tonnage data exists)
data)

. . Baryte, Bi, Co, Fluorspar, Ga,
Austria Mg, W Sb, In, Mg, Graphite, P, W Ge, Nb-Ta, S¢, Si, REE
Belgium Baryte, P REE
Bulgaria Sb, Baryte, In, Mg, Nb-Ta, PGM Bi, Fluarspar, 5i, W,V
Croatia Baryte, P
Cyprus Co, PGM
Czech Republic W, REE 5b, Fluorspar, In, Nb-Ta

5b, Co, Fluorspar, Ga, Graphite
Denmark/Greenland L L ! Be, Ge, P, W
nmark/Greentan Nb, Ta, H, REE, PGM, V BRE
Estonia P VW, REE
. Sb, Be, Co, Nb-Ta, P, Sc, W, V, . . .
Finland Co, Mg, P, PGM PGM, REE, Hf Baryte, Bi, Mg, Graphite, 5i,
5b, Baryte, Be, Fluorspar, Ge
Franc ! o S Bi, Co, Graphite
rance Mg, Nb-Ta, P, W, REE, Hf L 10, Brapht
Baryte, Fluorspar, . .
Germany In(?) Baryte, Fluorspar, In, 5i 5h, Be, Bi, Co, P, W, PGM, REE
5h, Co, In, Graphite, P, 5c, W
3 2 . Lo, In, . P 5C, W, . '
Greece Col?), Mg, PGM(?) PGM, REE Bi, Mg, 5i
Fluorspar, Ga, Graphite, Nb-Ta,
Greenland W, V, PGM, REE 5h, Be, Co, Ge, P
Hungary 5h, Fluorspar, In, 5¢c, REE
reland In. Mg. P Baryte, Fluorspar, W, PGM,
relan n, Mg, REE
Italy Sh, Baryte, Fluorspar, P Mg, Graphite, 5i, W, REE
Latvia
Lithuania
Luxembourg Sb
Malta P
Netherlands Mg Mg
Be, Co, Nb-Ta, P, 5c, 5i, V, PGM
Norway Graphite & L0, A ! Bi, Fluorspar, Graphite
REE, Hf
Baryte, Co, Fluarspar, Ga, Ge,
Poland Col?), He, PGM(?) e P He, Mg, P, PGM, REE
Mg, 5i, V
Portugal In(?), W Sh, Be, In, Nb-Ta, W, REE 5i, PGM
Romania p 5b, Baryte, Bi, B, Co, Graphite,
REE
Slovakia Mg sh, Mg Co, REE, Nb, Ta
Slovenia Sb
. Fluorspar, Mg, W Baryte, Co, Fluorspar, Mg, Nb-
Spal ! o L ' * 5b, PGM, REE
pain PGM(7) Ta, P, W P Pl
5b, Co, Fluorspar, Graphite, Nb- .
Sweden Ta. P, Si, W, V, REE, Hf Be, Bi, 5¢, W, PGM
United Kingdom Baryte, Fluorspar, W | Baryte, Fluorspar, P, W, Hf PGM, REE

This project has received funding from the European Union's Horizon 2020 research and innovation
programme under grant agreement No 730227

SCRREEN D3.1: Identification and quantification of primary CRM resources in Europe Rev 1.0|

(SCRREEN-D3.1-Identification-and-quantification-of-primary-CRM-resources-in-Europe.pdf)
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1.8 Availability of sustainable mining approaches to exploit this
potential

The European Union has proposed a strategy for critical raw materials that includes
the safe, efficient, and sustainable recovery and processing of all economically and
technically recoverable CRMs. With the European Raw Materials Act, the EU aims to
ensure a secure and sustainable supply of critical raw materials for Europe’s industry
and significantly lower the EU’s dependency on imports from single-country suppliers.

Key pillars of the Act
e Setting clear priorities for action
e Building European capacities
e Improving resilience
e Investing in research, innovation and skills

e Promoting a more sustainable and circular critical raw materials economy

There are several sustainable mining initiatives that have been proposed to extract
CRMs in an environmentally friendly manner'. The report emphasises the need for
governments and companies to recognise the social impacts of mining and enact laws
and regulations that require community consultation throughout the life of a mine.
The Alliance for Responsible Mining has developed a Sustainable Mines Program to
promote sustainability as a progressive path towards a responsible, productive, and
ethical sourcing solution to the industry? McKinsey has published an article on
creating the zero-carbon mine, which outlines solutions to decarbonise the majority of
emissions®.

1How to Advance Sustainable Mining | International Institute for Sustainable Development (iisd.orq)
2 Sustainable Mines Program (responsiblemines.org)
3 Creating the zero-carbon mine | McKinsey

1.9 Automation

Automation is expected to play a significant role in improving production processes
and energy efficiency in the mining industry. The mining industry in Europe has been
gradually adopting automation to improve safety and efficiency standards.

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 17
No 101058178.
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e Automation in Mining: technology alone cannot give an edge to mining
organisations, but technology applied with logistics and strategy can make a
significant difference.

e Automation Technology: the current state of automation in various stages of the
mining life cycle, such as exploration, mineral processing, drilling, and
transportation.

e System Engineering and Management: the need for system engineering and
management processes to support the design, implementation, and operation
of automation in mining.

e« Human Factors Engineering: the role of human factors engineering in
understanding the impact of automation on human operators, tasks, and socio-
technical systems.

Sustainable Intelligent Mining Systems - European Commission (europa.eu)
Automation in the Mining Industry: Review of Technology, Systems, Human Factors, and Political Risk |
Mining, Metallurgy & Exploration (springer.com)

1.10 Digitalisation

The mining industry in Europe has been gradually adopting digitalisation to improve
safety and efficiency standards 2 3. The European Union has also been promoting the
use of digital technologies in the mining sector to reduce environmental impact and
improve sustainability 3. The MASTERMINE project is one such initiative that aims to
promote autonomous operations and ensure safety and stability in critical structures 2.

(1) European Mining in the Green and Digital Era - CORDIS. https://cordis.europa.eu/project/id/101091895.

(2) Digital Mining in Europe: New solutions for the sustainable production .... https://www.eesc.europa.eu/en/our-work/opinions-
information-reports/opinions/digital-mining-europe-new-solutions-sustainable-production-raw-materials-own-initiative-opinion.
(3) 2024 Digitalisation in Mining Europe Conference. https://mininginnovationnetwork.swoogo.com/DME2024.

1.11 Artificial Intelligence

Artificial Intelligence (Al) is expected to play a significant role in the European mining
sector ! 23, Al can help mining companies optimise their operations, reduce costs, and
improve safety standards ! 2 3. For example, Al can be used to analyse geological data
to identify mineral deposits, monitor equipment performance, and predict
maintenance needs 3. Al can also help mining companies reduce their environmental
impact by optimising energy consumption and reducing waste ! 3. However, the
adoption of Al in the mining industry is still in its early stages, and there are challenges
to overcome, such as data quality, data privacy, and cybersecurity * 2 3,

(1) The Use of Al in the Mining Industry Insights and Ethical Considerations. https://www.ieai.sot.tum.de/wp-
content/uploads/2022/12/Dec-2022_-Al-and-Mining-Research-Brief_FINAL.pdf.

(2) The Al Revolution in Mining: Opportunities and Risks. https://theoregongroup.com/energy-transition/technology/the-artificial-
intelligence-revolution-in-mining-opportunities-and-risks/.

(3) Top 10 uses of artificial intelligence in mining. https://miningdigital.com/articles/top-10-uses-of-artificial-intelligence-in-mining.
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1.12 Sustainable Development Goals

The Sustainable Development Goals (SDGs) are a set of 17 global goals adopted by the
United Nations General Assembly in 2015 to be achieved by 2030 1. The mining industry
in Europe has been gradually adopting digitalisation and automation to improve safety
and efficiency standards 2 3. The European Union has also been promoting the use of
digital technologies in the mining sector to reduce environmental impact and improve
sustainability 3. The SDGs can serve as a framework for mining companies to align their
operations with sustainable development principles *. For example, SDG 7 aims to
ensure access to affordable, reliable, sustainable, and modern energy for all, which can
be achieved by adopting renewable energy sources in mining operations . SDG 12
aims to ensure sustainable consumption and production patterns, which can be
achieved by reducing waste and improving resource efficiency in mining operations 1.
SDG 13 aims to take urgent action to combat climate change and its impacts, which
can be achieved by reducing greenhouse gas emissions and adopting low-carbon
technologies in mining operations 1.

In summary, the SDGs can have a positive impact on the European mining sector by
providing a framework for sustainable development and encouraging the adoption of
digital technologies and automation to improve safety, efficiency, and environmental
performance.

(1) Impact of minerals policy on sustainable development of mining sector .... https://link.springer.com/article/10.1007/s13563-021-00248-
5.

(2) Drivers of sustainability practices and contributions to ... - Springer. https://link.springer.com/article/10.1007/s43621-021-00025-y.

(3) Europe’s green dilemma: Mining key minerals without ... - POLITICO. https://www.politico.eu/article/europes-green-dilemma-mining-
key-minerals-without-destroying-nature/.
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2 Educational package tools

The Educational package is the list of educational tools that we use to deliver an
understanding of the importance of raw materials and their exploration, mining and
processing.

The target groups are:
e University students
e Highschool students
o Specialists/experts in the field
e Public interest/policymakers

To know the terminology, we have created the Glossary for responsible exploration and
mining which can be found on the project webpage

https://agemera.eu/toolsandresources/glossary

2.1 Tool 1: AGEMERA course

In Task 2.3, educational partners of AGEMERA are developing higher educational
courses to increase awareness of CRMs and their significance in our everyday lives. The
course will gradually become semester modules that will be included in the study
programs of several universities). The course is related to specific critical raw materials
such as rare earth elements (REEs) and battery raw materials (lithium, nickel, cobalt,
graphite, etc.) and the way they affect our (Western, actually consuming) way of life.
The course consists of geological and engineering information and discusses
geopolitical issues, economic and marketing aspects, social and environmental
concerns, etc. Students will be familiar with international frameworks and regulations,
such as the United Nations Sustainable Goals (SDGs), the United Nations Framework
Classification for Resources (UNFC) and the UN Resource Management System
(UNRMS). The course has lectures about the uses of metals in our high-tech lifestyle
and how fair and justified the supply of these metals can actually be within Europe
concerning our dependence on imports and in the context of developing a strategy for
gaining the social license to operate. In order to determine the updated awareness and
social acceptance of CRM production within Europe and in specific territories, we
launch questionnaires to assess the impact of courses.

Link to the course European Critical Raw Materials for the Green and Digital Transition
(ECRMs), https://agemera.eu/our-work/university-courses.

The topics of lectures are listed in Table 3.
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Table 3. AGEMERA course lectures
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AGEMERA course

Title of the lecture

Keywords

Extent (min)

Geology & Exploration of

Geology of REEs and BRMs in Africa (Zambia) CRMs 90

Geology of REEs and BRMs in Europe gg?\;zgy & Exploration of 90

Conventional Exploration Technologies for Geology & Exploration of 45

REEs and BRMs CRMs

Minimal Invasive Exploration of CRMs and Geology & Exploration of 45

BRMs (Techniques used in AGEMERA) CRMs

The Green New Deal & CRMs Geo-Politics & Challenges, 90
Importance of CRMs

Mining in a Global Environment Engineering Information 90

Social Assessment in Mining and Exploration Social Assessment 90

Enwror_xmental Impact Assessment in the Environmental Assessment 90

Extractive Sector

Sustainable Finance Economics & Marketing 90

SDGs, UNFC and UNRMS International Frameworks 90

Introduction to the Technologies of OPT/NET Al and Data Collection 45

Introc_iuctlon to the Technologies of Muon MUONS 45

Solutions

Introduction to the Technologies of Radai Multi-Sensor Drones 45

International Reporting Standards Standards 60

2.2 Tool 2: Micro degree

A micro degree, or micro degree study, is a longer continuing education programme
with a comprehensive content based on one or more subjects. Itis a set of courses that
gives a new set of competencies in a narrow field and with it, the ability to cope better
in the labour market during complicated times.

Micro degrees offer industry-relevant knowledge and credentials which can potentially
lead to better job opportunities and higher earning potential. Micro degrees are
tailored to specific topics or industries. If specialized knowledge in a particular area is
required, a micro degree can provide targeted learning.

The micro degree is a way to give lifelong learning in the selected field. Usually, the micro
degree consists of 2 to 4 courses (10 to 25 ECTS) and can be given in one semester or one
academic year as part of regular education activities in universities.

Example: Mineral resources circular economy micro degree (https://taltech.ee/avatud-
ope/mikrokraadid/mineraaltoormete-ringmajandus), 18 ECTS by Tallinn University of
Technology.

This project has received funding under the European Union's Horizon
Europe research and innovation programme under grant agreement 21
No 101058178.



https://taltech.ee/avatud-ope/mikrokraadid/mineraaltoormete-ringmajandus
https://taltech.ee/avatud-ope/mikrokraadid/mineraaltoormete-ringmajandus

@ AGEMERA

The micro degree consists of three master-level courses: NGG0331 Mining in a Global
Environment/ 6 ECTS/ autumn semester; EAV8300 LCA analysis/ 6 ECTS/ autumn
semester; NGG0401 Circular Economy for Materials Processing / 6 ECTS/ spring
semester.

Micro degree in AGEMERA

In the AGEMERA consortium, we have five universities: the University of Oulu, the
University of Lapland, the University of Zagreb, the University of Zambia, and the
Tallinn University of Technology. Each university has degree programmes in
exploration, geology, mining, processing, etc. They would choose what courses they
take to conduct the micro degree for AGEMERA topics. One course that should be
involved is the AGEMERA course, which is developed in WP 2.

An example of an AGEMERA micro degree is from Tallinn University of Technology.

The selected courses are:
1) AGEMERA course
2) NGGO0401 Circular Economy for Materials Processing / 6 ECTS/ spring semester

2.3 Tool 3: Public lecture

During the preparation of the AGEMERA course (in WP2), the course lectures are
recorded and shared in AGEMERA activities as public lectures.

2.4 Tool 4: Workshop

Generally, the workshop is a focused and interactive learning session designed to
impart knowledge, develop skills, or facilitate discussions on specific topics or subjects.

In the AGEMERA workshop, we are using our previous experience from developing an
educational workshop for the understanding of raw materials in our lives. The selected
toolkit is “Where does a fork come from?”. During the workshop, we give information
about the importance of CRMs in our everyday lives and link the small assignments
with AGEMERA technology development and testing sites.

To run the AGEMERA workshop more easily, we have instructions, PowerPoints, and
other materials prepared so that any partner organisation can deliver the AGEMERA
workshop.

Facilitator instructions (Teacher Card) are shown in Figure 4 and on the webpage
https://agemera.eu/our-work/raisingawareness/workshop/teachercard

To run the workshop and give the background information - the PowerPoint
Presentation gives all the necessary information, as shown in Figure 5. To be engaged
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during the workshop, the participants need to discuss and make small assignments.
For that, we have additional cards, shown in Figure 6.

General Introduction

Where does the fork come from? is an educational game for both young people and adults, which
introduces raw materials that are important for our daily lives, and provides background information
on their uses. The students will be provided with a presentation on raw materials and their impartance.
During the game students will have the opportunity to touch and see these most impartant raw
materials. In addition, they will have to draw conclusions on how these rocks are used in our everyday
lives, while being able to see these results as products.

This toolkit is connected to circular economy and sustainability related EU challanges. This includes
raising awareness on what is inside a product and recognising their value especially with critical
resources. Raising the topic of consumption and everconsumption. Lastly, discussing what we can do

as a society to minimise waste.

Extended background information

Raw Materials and their Importance to Society

The use of natural earth materials has been crucial to the development and advancement of societies
through time. Materials derived from the earth’s crust are integral to our daily life and have served
many purposes in our development. The most basic of these resources found in the earth’s crust,
coal, petroleum and uranium have been critical to energy security around the globe. Concentrations
of minerals within the earth’s crust are important in producing materials necessary for the functioning
and future development of society. These may include base metals such as iron, copper, nickel, zinc,
tin and lead, important to common metal alloys and essential to global development. Precious metals
and diamonds are also mined directly from rocks and throughout history have been important to the
expansion of empires and securing trade. Raw materials sourced from the earth’s crust are also widely
used in infrastructure and construction (cement, building and roofing material) as well as for stone
facades and other polished ornamental features in building construction,

More recently, many of our technologies (mobile phones, computers, automobiles) and sources of
renewable green energy (solar and wind) have become more reliant on metals not commonly mined
or openly traded on global markets (i.e., rare-earth-elements, indium, tellurium, germanium, gallium)
(Figure X). Scarcity of these raw materials can inhibit development and mass rollout of renewable
energy projects to address issues of climate change and the move to a lowcarbon economy.
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Figure 4. “Fork Toolkit”, Teacher Card

$® AGEMERA
Raw materials in our every day life

= You're cooking and
eating on the
ground! Yes, your
cutlery and pans are
made of metals
such as aluminium
and iron.

Doorknobs and
handrails are often
made of brass, a
copper and zinc alloy
that is naturally
antibacterial (but you
should still wash your
hands!)

« Silver was discovered .
around 4000 BC and it
has been used as
currency in monetary
systems throughout
history. The first coins
were made of silver and
gold

Figure 5. “Fork Toolkit”, PowerPoint Presentation
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APPLICATION

This is an important copper deposi
Copper s a metal with a red-orange
gloss, bat over time it can develop @
groen or brawn colour dus ta moisture.
itis 2 good heat and electrical conductor
and is thus used widely in electronics. It
is also widaly used in construction since
s durabla and easy to maintain. Cop-
per s antibacterial, and for that reason
itis also used in hospitals.

L%

DESCRIPTION

* Dark black- o gray-brown fins-
grained sodimentary rock

* Appears striped in cross section and
can break into slabs.

* The rock is relaivaly light.

APPLICATION

This mineral is mostly used in the pro.
duction of sulphuric acid, which in turn
iz used mainly in batteries. Apart from
sulphuric acid this mineral is also used
253 raw material for minaral fertlizers.
‘The mineral is also used in the produc-
tion of explosives, matches, paint and
other cnemicals.

DESCRIPTION
A minaral with a grey-black motallic
luster.

* The density of it is 5,1 gfcm, that
makas it rather heavy,
| ™he hargness of this reck is 5 5-4
* The mineral also has magnetic
characteristics, that can be tested
on 3 compass,

DESCRIPTION

* Aminersl aggregate with a yellow me
tallic luster, on the surtaca of which
can be seen crystals.

The density of the mineral s 4,1 mg/m?,
which mans thal i s a rathar heavy

mineral

The mineral’s hardness is 35-4.

This. rock can ba vsed to extract phos-
phorus, which iz mainly used to praduce.
fectlizers. A small part of phosphorus de-
posits is used to produca 9ed phasphates.
and also in industrial applications, such
35 elactronics and lighting. I addition
to phospharus, this rock also consists of
rare metals. These highty important mat-
als can ba found in suparmagnats, direct
carrent motors, or even LED lighting

DESCRIPTION

* Ayollow minaral with rosinous luster

* This mineral can be scratchedwith a
nail, since the hardnass of the minsral
51525,

Italsa has a distinct smoll.

APPLICATION

This mineral is the world main alumini
um degasit. Aluminium is the worlds most
used nor-iron metal. Aluminium s almost
always used as analloy, snce it s

Iy improves the mechanical characterisics
of the materal. For example, most of the
folium 3nd aluminium cans are produced
Wit alloys that consist 92-99% o alumin-
ium. Some examptes of alumium appii-
cations ae transport. packaging, consiruc-

\_ton. consumer goods, electrical s etc.

7

This rock is used as raw materialin fos
il fusls and in the chomical industry.
Heating the material produce gases and
oils, thal can be used in different fields:
tuel, eleetricity productin, chemical in-
dustry [housshold chemicals, cosmetic
industry, construction chestry prod-
uets). In Estonia most of the materiat
used to produce electricty

DESCRIPTION

* Abrittle sedimentary rock consisting of
the shells of brachicpods.

* The shalls are mostly bedded in sand-

stone,

* Whan frashly mined, this rock has 3
blackish or dark grey to beige colour.
Wihen reacting to the air the rock can
euidize and attain a yollow-brown calour.

This rock is one of the most common
mineral resources, that is used in the
., construc-

sugar, and paper industries and also in
metallurgy.

DESCRIPTION

* Ared-brown sedimentary rock,
* Itis made of very britile matarial

* It consists of grains comented with iren
hydroxide.
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DESCRIPTION

* Afina-grained brown coloured sedi-
mentary rack, which in crass section
appears striped and can brake apart
in tayars.

* Th rock also consists of lime, which
originates from the remains of the
sea organisms.

* This roek is vory light

This sediment is an important eonstruc-
tion material, that s used to produce dif
farent concrates and silicato products,
but also as bulk and aggregate in road
construction, and as an additive in ce-
ment, coramics and glass industries atc.

DESCRIPTION

A mostly white, yallowish or gray rock

The rock roacts with hydrochloric acid,
because it consists calcium.

The rock typically has 2 high density
and is thus quite hoavy.

It can also contain different fossilized
sea organisms.

APPLICATION

This deposit is mainly used as raw ma
torial for usl and the ehemical indus-
try. This liquid has various applications
in the chemical industry such as plastic
products, wall paint, cosmetics and toi
tetries, electrical wires, medicine, (ubri-
cants, taste and smell products elc.

5 J

Figure 6. “Fork Toolkit”, Workshop materials
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APPLICATION

This rock consists of technalogically very
impartant metals such asV, Mo, and also
uranium. Yanadium holds an important
el in madarn energy stering tachnolo-
gies. Uranium, however, is an important
raw material for nuclear energy,

DESCRIPTION

* A sediment consisting of fine crys
of which the celour can vary from
beige to white.

APPLICATION

Bacause of it's high iron content, this
mineral has been used for a tong time
as an iron deposit. Iron s the worlds
most important construction material
and this elemant has a large fiald of ap-
plication, starting from sewing needles,
nails, axes and finishing with raitway
systems, airplane motherboards and
floating fortresses. These are jus! some
|_of the cxamples ofiron applications
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DESCRIPTION

* Abrown or black greasy liquid with a
specific smel

* Itis lighter than water and thus will
float on water.

20
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