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What's the value of these materials? .

>1grams

of aluminum

istock; Jenny Cheng/Business Insider
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Total mining production 2023 Development status of Political stabllity of Per caplta Income in USD ~
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Why does this matter?

CO2 emissions, water use, land use / biodiversity

Land use 2016 ha
Al 106771
Cu 470839
Au 535507
Fe 315394
Total 1428511

CO2 emissions 2016 mt %
Fossil fuel and industry 36000
Fossil fuels 32000 100
of which industry 11520 36
Steel and Aluminium 4100 12,8
Mining 4 metals 190 0,6
Water withdrawals 2016 Gm3 %
Global 4180

industry

794,2| 100 (19% of total)

Steel and Aluminium

47,1

5,9

4 metals

4,9

0,6
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Tost et al. 2018, 2020

Tropical & Subtropical Grasslands, Savannas & Shrublands




Why does this matter?

Critical raw materials
B berylliym non-ferrous metals (Ni, Co, Cu)
graphite polymetallic ores (Au, Pb, Zn)
W iron rare earths
lithium 9 titanium, zirconium
® manganese uraniom
[ territory currently occupied by Russia

EPRS | European Parliamentary Research Service

Source: EPRS, March 2025, using data from the Ministry of
Environmental Protection and Natural Resources of Ukraine (2024) European Parliament
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Sustainability - what's that? m.
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Sustainability - from needs to inclusive m.
well-being

A realization that our ability to prosper now and in

Meeting the needs of the present without the future requires increased attention not just to
compromising the ability of future generations to economic and social progress, but also conserving
meet their own neeas. Earth’s life support systems: the fundamental

environmental processes and natural resources on
which our hopes for prosperity depend.

Constituents of well-being
Material needs

Goals: Health and education
Inclusive Well-Being Opportunity
Community
Security
é Consumption processes
I3
s
2 Social-environmental
g Goods and services systems dynamics
H
<
<

THE WORLD COMMISSION
Production processes o e
ON ENV'RUNMENT Human capital
Natural capital
AND DEVELOPMENT gt Ml hindracmal

3 Secial capital

WCED 1987 Matson, Clark and Andersson 2016
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Sustainability - human development
within environmental limits

Socio-economic trends Earth system trends
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Richardson et al 2023
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Sustainability - from pillars to
integrated views

Bearable ,”< Equitable
\} o >
Sustainable\ -~

= | | .
Environment \ viable | Econemic

Source: https://en.wikipedia.org/wiki/Sustainability Raworth 2017
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Sustainability transitions

Sustainable Development Goals (SDGs) European Green Deal
* Paris Agreement
» Convention on Biological Diversity

@ Sevtiomen GLIALS

Mabilising research
and fostering innovation
Transforming the
Increasing the EU's Climate EU's economy fora A zero pollution ambition
ambition for 2050 and 2050
/

sustainable future Tor a toxic-free environment
Supplying clean, affordable Preserving and restoring
ahd secure energy ecosystems and biodiversity
I |

\
From 'Farm to Fork": a fair,
healthy and environmentally
I'nvnlly fooud system

EDUCATION

Mobilising industry
for a clean and circular econormy

\

Building and renovating in an Acx elem!inq the shift to
energy antd resource efficient way sustainable and smart mobility

lumm REDUEED {
ECONDMIC GROWTH umm IKOMUTES

CLINATE 13 PEACE, JUSTICE 17 PARTHERSHIPS
ACTION BELOW WATER AND STROMG FOR THE GOALS @ o Leave o one behind
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‘L @ DEVELOPMENT e e
GOALS global leader | Climate Pact

UN 2015 EC 2019




Circular economy

@ o o 19

RAW MATERIAL
EXTRACTION PRODUCT DESIGN

CIRCULAR
ECONOMY

PRODUCTION AND
REMANUFACTURING

* ol
RESIDUAL WASTE ‘@’

CONSUMPTION

EC 2019
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What does this mean for mineral
raw materials and mining?
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m.

The non-renewability of minerals

2023 Lithium production 2023 Copper production

(USGS): 240.000 t
USGS): 22,6 M t
Li Resource (millions of tonnes) Reference ( 100.0 ) : .
138 USGS (2009) Model-basgd
Resource Estimate
19.2 Tahil (2008) >
23.6 Mohr et al. (2012) g'
O 100
299 Evans {2008) s
w
31.1 Kesler et al. (2012) g USGS World
34.5 Evans (2010) 2 Resource Estimates /
k) z/
39.0 Gruber et al. (2011) g 1.0
395 USGS (2016) =
64.0 Yaksic and Tilton (2009)
0.1 +

Arntetal. 2017 1973 1983 1993 2003 2013

Chat GPT: ,Tellurium is the tightest, with only about 32 years of
currently identified reserves at present global production rates.”
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Let’s just recycle

Total
50.000 Aluminium 2012:
_ Total: 55,5 Mio. t
O 40000 Primary: 46,3 Mio. t Primary
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Year

Source: Antrekowitsch 2012

Move mountains Michael Tost | Mining Engineering and Mineral Economics



We will still need mining, BUT...
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...we need to differentiate what we minel".

Additional material consurmption batteries, fuel cells, wind turbines and photovoltaics in q::ﬁ
renewables and e-mobility only
in 20302050 compared to current EU consumption® of the material in all applications

Lithium** Graphite*** Cobalt
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* See the methodological notes in Annex 1 and 2l data in
4 Annex 2 _
** of refined supply (Stage |I) instead of ore supply (Stage 1)
E’ 5 - |ru?t;'nse in demand of all graphite in relation to natural High Demand Scenaric —
£ = +
E 2 Alurninium, borates, cadmium, chromiuwm, capper, galium, EC 2020
E germanium, indium, manganese, molybdenum, platinum,  pedium Demand Scenario
= 1 selenium, silican metal, terbium, tellwrium, slver, stesl and
- zine have a negligible additional demand (< 10%) +
ixk: ram fathe B e o Low Demand Scenario
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| ess demand for coal?
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m.

Can we still atford to mine for luxury
goods?
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...mining itself needs to change
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Mining company vs. materials company .

E-«BOL'DEN Operations v Career Sustainability v Investor Relstions Media Contact BOLIDEN SEK 4507 & 325(.6 7%)
-
Metals for modern life

For more than 90 years, Boliden has been exploring, extracting and processing
base metals and precious metals. Our production 1s based on experience,
mnovation and modern l(‘(‘hm)log.\; d(‘\'eloped i collaboration with Nordic
technology and engineering compames. Today, we are an industry leader 1

terms of sustamnable metal production trom deposits to recycling used metals.

Read more about our operations

' .igéurce.' ‘htt .//www.boliden.com
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SUME%& This project has received funding from the European Unlon's Horizon 2020
research and (nnovation programme under grant agreement n® 101003622

\_‘ : . S—— ' lllustrations by Leonnidas
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Mine planning and Al
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Geovia, 2021
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Elektrifizierung - Forderung rn-

Siemens

VA Erzberg
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Robominers I"'!.

Ground control
centre Slurry pumping
and processing

B
o
r
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h
0
[
a Modular
robots
Komatsu Robominers, 2020
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Underground mining
Raise caving

I
micopenm  © MUL-ME;LKAB
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Post-mining

s A W . s

Max Siegmayer (Wikipedia)
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So, can mineral raw materials be
sustainable?

SUMEX
Sustainability Framework
t

industry

v
This project eived funding from the European Union's Horizon 2020

tesearch an tion prograrmme under grant agreement n° 101003622
IHiustrations by Leonnidas
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Technical University
of Leoben

Michael Tost

Thanks for
your attention!
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