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The Energy Transition is also a Materials

%ﬁ\%

.%2«@@

Ages of Energy (ﬁBfL‘i‘Qn 2014)

_—‘l‘{- -\’_;l . P =
> _e00:0:

.. W.Q.“

1900 2000

'The green stone-



Ages of Energy (Zepf et al., 2014)
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- - - native copper
The Mineralogical Barrier Concept pp

(after Skinner, 1979)
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native copper copper from mineral chalcopyrite
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World Mine Production and Reserves: Reserves for multiple countries were revised based on reported company
data and (or) information from the Governments of those countries.
Values in Kton

Mine production Reserves’
2018 2019¢

United States 1,220 1,300 51,000
Australia 920 960 887,000
Chile 5,830 5,600 200,000
China 1,590 1,600 26,000
Congo (Kinshasa) 1,230 1,300 19,000
Indonesia 651 340 28,000
Kazakhstan 603 700 20,000
Mexico 751 770 53,000
Peru 2,440 2,400 87,000
Russia 751 750 61,000
Zambia 854 790 19,000
Other countries 3.540 3,800 220,000
World total (rounded) 20,400 20,000 870,000

World Resources: A 2014 U.S. Geological Survey assessment of copper deposits indicated that identified resources
contained about 2.1 billion tons of copper, and undiscovered resources contained an estimated 3.5 billion tons.®
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World Mine Production and Reserves: Reserves for multiple countries were revised based on reported company
data and (or) information from the Governments of those countries.

Mine production Reserves’

2018 2019¢
United States 1,220 1,300 51,000
Australia 920 960 887,000
Chile 5,830 5,600 200,000
China 1,590 1,600 26,000
Congo (Kinshasa) 1,230 1,300 19,000
Indonesia 651 340 28,000
Kazakhstan 603 700 20,000
Mexico 751 770 53,000
Peru 2,440 2,400 87,000
Russia 751 750 61,000
Zambia 854 790 19,000

*I87H

Other countries 3,540 3:80C 20,000

World total (rounded) 20,400 20,000 870,000
World Resources: A 2014 U.S. Geological Survey assessment of Copper depositsdhdicated that identified resources
contained about 2.1 billion tons of copper, and undiscovered resqfirces contaiped an estimated 3.5 billion tons.®

Reserve to production ratio (r/p)
870 Mt/ 20 Mt = 43.5
So only 43.5 years of copper left, at current rate of usage 222



Ratio of Reserves/Production - World: 1900-2010
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111
100 -
Assuming continued discoveries,
80 - the world isn’t going to run out
of copper soon
60 - >0years

in 1900

36 years
in 2010 43.5 yedrs

in 2019

i (and 2020)
20 -

D I I I I | | I I I I |
1900 1910 1920 1930 1940 1950 1560 1970 1980 1990 2000 2010
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) Reserve data MinEx Consulting March 2010
Note: Chart based on “Estimated Reserves”

Peaks in 1921 and 1932 due to sudden drop in production

Q\} From: Schodde (2010) The key drivers behind resource growth: U N IVERS ITY
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EU resilience

to materials supgly bottlenecks in low-carbon
energy and transport technologies

MEDIUM PV=photovoltaic

cells

EV=electric vehicles

Conservative scenario
(no mitigation measures)

Optimistic scenario |
EV (with mitigation measures)~
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Graphite | 94
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Silver I 56% :
Neodyriure, I 37% Demand for Minerals by 2050
Lead 1
et from Energy Technologies
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Aluminum [l 9% If we want to keep global warming below 2°C. Projected mineral demand as
compared to 2018 production levels.
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Minerals for Climate Action:
The Mineral Intensity
of the Clean Energy Transition
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Mineral demand for EVs in the SDS grows by nearly 30 times between 2020 and 2040, with
demand for lithium and nickel growing by around 40 times

The Role of Critical
Minerals in Clean Energy
Transitions

Mineral demand from new EV sales
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OEMs announcements compared to electric LDVs stock
projections in two |IEA scenarios, 2021-2025

= 250
200 ”t’
15 Demand for lithium due to electric vehicle explosion (20% recycling scenario)
100 ) "’:__ P
o ,,---_;;::!ii:-':"‘:"— 1000
el 500 H Li from 90% recycling
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 900 = : ioo+8 |
T Smi oot e PRI A ® Li from mines
IEA. All rights reserved. 800 8 100 M
- - — - - 2 350 =
w N4+ - - H
\\ Global Electric Car Stock _. 700 g™
Passes 10-Million Milestone & 87
Global stock of electric passenger cars, by region” — 600 g 5
: - 5
* M China M Europe M United States Rest of the World c § =0
12m @ 500 100
10 10.20m g 50
‘-{m - 400 03.1“
8m -
— 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038
e 300
am $22K /tonne .
pe o 200 Li,CO, )
iy 2010 2012 = 2014 2016 2018 2020 100 PiStori(:. prOdUCtion
rom mines
* includes plug-in hybrids \ /
Source: International Energy Agency O . - | | - .
©®6 statista % 2012 2014 2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040 2042
oomberg scenario for EV growth ® 6 kg Li/vehicle  ®10 year replacement 0 90% recycling

UNIVERSITY
OF TWENTE.



Production of many energy transition minerals today is more geographically concentrated than
that of oil or natural gas

Share of top three producing countries in production of selected minerals and fossil fuels, 2019
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PRICE PER METRIC TON
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Biden to order review of U.S. reliance on overseas
supply chains for semiconductors, rare earths -
CNBC

2 MIN READ f W

By Reuters Staff
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Oil crisis 1973 Production of many energy transition minerals today is more geographically concentrated than
that of oil or natural gas

Share of top three producing countries in production of selected minerals and fossil fuels, 2019
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Cheaper Tesla? Panasonic to develop
cobalt-free battery

Japanese electronics giant expects to start production in two to three years

Custom search

)OECD | 66

BETTER POLICIES FOR BETTER LIVES

OECD Home About Countries Topics - Coronavirus (COVID-19) Frangais

DECD Home - Corporate governance - Guidelines for multinational enterprises - OECD Due Diligence Guidance for Responsible Supply Chains of Minerals from Conflict-Affected and High-Risk Areas

OECD Due Diligence Guidance for Responsible Supply Chains of Minerals from
o St o 3 ot o TP T TR MR SO or SO o bl cotefne Cﬂnﬂict- Affected ﬂnd High'RiSk A_I'eas

Helping industries meet responsible sourcing expectations

The OECD Due Diligence Guidance provides detailed recommendations to help companies respect human rights and avoid contributing to conflict through
their mineral purchasing decisions and practices. This Guidance is for use by any company potentially sourcing minerals or metals from conflict-affected and
high-risk areas. The OECD Guidance is global in scope and applies to all mineral supply chains.

The 3rd Edition of the OECD Due Diligence Guidance was published in April 2016. This booklet contains the OECD Council Recommendation, the text of the Guidance, the 3Ts Supplement and the Gold
Supplement. The updated version clarifies that the Guidance provides a framework for detailed due diligence as a basis for responsible supply chain management of minerals, including tin, tantalum,
tungsten and gold, as well as all other mineral resources. In addition to the 37 OECD Members, 9 non-Members, namely Argentina, Brazil, Costa Rica, Croatia, Kazakhstan, Morocco, Peru and Romania
and Ukraine, adhered to the Gouncil Recommendation.

Volkswagen engages in improving working conditions in
artisanal cobalt mines in the Democratic Republic of Congo

Apple & other tech giants seek dismissal of Were Your Solar Panels Made With Conflict
cobalt mine child labor suit Minerals?
6 Mike Whisrthels | Aty 27,2020 A new report rates solar manufacturers on the environmental and social impact of their

products.

UNIVERSITY
OF TWENTE.



The social dimension

Salar mining in South America at risk of e
rapidly losing ‘social license to operate’ due
to water shortage concerns

e - Trouw, 10 September
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Greenland prepares legislation
to halt large rare-earth mine

Salar de Uyuni, Bolivia: Lithium reserves 5.5 MT, Resource
estimate 21 MT
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Lithium Brines

Reserves

|
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Concentration of element in mineral
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Solution: diversify supply of critical raw materials (geography, type of resource)
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Solution: circular economy, increase recycling
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Solution: circular economy, increase recycling

Today’s recycling rates vary by metal depending on the ease of collection, price levels and
market maturity

End-of-life recycling rates for selected metals

100%
80%
60%
40%

20%

Less than < 1%

Gold Platinum/ Nickel Silver Copper  Aluminium Chromium Zinc Cobalt Lithium REEs
Palladium

Precious metals Base metals

IEA. All rights reserved.
Sources: Henckens (2021); UNEP (2011) for aluminium; Sverdrup and Ragnarsdottir (2016) for platinum and palladium; OECD (2019) for nickel and cobalt.
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https://www.youtube.com/watch?v=bhuWmcDT05Q

Conclusies Zijn de grondstoffen voor de energie transitie (en mobiliteits
transitie) schaars ?”

* Eris meer dan genoeg! Maar doordat we steeds laaggradiger ertsen (en
pekels voor Li) zullen gaan gebruiken om aan de enorme groei van de vraag
te voldoen, wordt de ecologische & sociaal-economische ‘footprint’ van de
mijnbouw steeds groter.

o . _.Vooral materialen zoals lithium, cobalt en zeldzame aardmetalen kunnen de

) Z:energle transitie vertragen in het geval van schaarste op de markt (critical
'raw materials).
De quasi-monopolies van sommige landen wat betreft mijnbouw en

Y 'opwerklng/raffmage vormt een gevaar voor de betrouwbaarheid van de

Y\ aantoer.

:: “\oor/s0mmige materialen (lithium, grafiet) is het maar de vraag of de

Y mijnbQuiv het groeitempo van de vraag kan bijbenen; voor lithium fé';’rbrﬁﬁl'g

A echt ‘alleshens aan dek’!



