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[figure from: A. King, Critical Materials, Elsevier 2021]
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[figure from: J. Lucas, ed., Rare Earths, © Elsevier 2015]

~2t NdFeB magnets ( > 500 kg of Nd )
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in 2040 we will need from 3 to 7 times more the amount of REE used in 2020
(source: [EA)

Stated Policies / \- Sustainable Development
Scenario (STEPS) Scenario (SDS)
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Bayan Obo mine,
China (inner Mongolia)

THORIUM URANIUM
232.0377 238.02

[figure from: https://www.bbc.com/future/article/20150402-the-worst-place-on-earth]

Baotou tailing dam, China (inner Mongolia)
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[figure from: A. King, Critical Materials, © Elsevier 2021]
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Critical Raw Materials for
Strategic Technologies and Sectors
in the EU

A Foresight Study

Decarbonisation:
materials and
circularity challenges

Minerals for Climate Action;

= ®BIRENA
The Role of Critical
Minerals in Clean Energy
Transitions

Metals for Clean Energy:

TECHNICAL PAPER 5/2021
BY DOLF GIELEN
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materials critical for the energy transition, by technology type
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Source: Critical raw materials for strategic technologies and sectors in the EU, A foresight study, European Commission, Mar 9, 2020; The role of critical
minerals in clean energy transitions, IEA, May 2021; McKinsey analysis

[figure from: The raw-materials challenge - McKinsey © 2022]
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mineral demand for clean energy technologies by scenario

Growth to 2040 by sector Growth of selected minerals in the SDS, 2040 relative to 2020
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IEA. All rights reserved.
Notes: Mt = million tonnes. Includes all minerals in the scope of this report, but does not include steel and aluminium. See Annex for a full list of minerals.

[figure from: The role of critical minerals in clean energy transitions, © IEA 2021]
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price increase (%) for selected energy transition materials
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[figure adapted from: IEA (2022), www.iea.org/commentaries/critical-minerals-threaten-a-
decades-long-trend-of-cost-declines-for-clean-energy-technologies. Licence: CC BY 4.0]
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Not In I\/Iy Backyard (NII\/IBY)

[Belgrade 2021, demonstration against Li mine opening — source: bloomberg.com — © Oliver Bunic/Bloomberg]
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share of top three producing countries in production of selected minerals, 2019
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[source: IEA 2021, dati: IEA (2020a); USGS (2021), World Bureau of Metal Statistics (2020); Adamas Intelligence (2020)]

[figure adapted from: The role of critical minerals in clean energy transitions, © IEA 2021]
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[figure adapted from: The role of critical minerals in clean energy transitions, © IEA 2021]
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[picture from: bloomberg.com - © Cristobal Olivares/Bloomberg]
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IN BROAD DAYLIGHT

Uyghur Forced Labour and

“THIS IS WHAT WE DIE FOR”

HUMAN RIGHTS ABUSES IN THE DEMOCRATIC REPUBLIC

OF THE CONGO POWER THE GLOBAL TRADE IN COBALT

[2016]

e &

2022 (7% Summer School on Energy
Edition Giacomo Ciamician

A. Bonifacio — Raw Materials & Energy Transition

HUMAN

RIGHTS
WATCH

“We are concerned about the
impacts of extracting minerals
[..] for renewable energy
technologies on communities,
workers and  ecosystems
around the world”

[Declaration on Mining and the Energy
Transition, HRW, Oct 2021]
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sustainable | e REE extraction costs in Ganzhou: 4.500 USD/ton,
including environmental remediation: 30.000 USD/ton

price

[source: www.chinawaterrisk.org]
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energy transition heavily relies on many raw materials

issues of concern solutions
* the demand for these materials will * increase production & investments in mining
greatly increase in the near future * plan for the long term

* increase research/innovation
* scale up recycling for specific materials

* mining/processing of these materials is * diversify supply
concentrated in few countries * promote awareness / social consensus on
mining activities (no NIMBY)

* mining/processing of these materials can » foster corporate responsibility & accountability
have big environmental & social impacts * promote certified / transparent supply chains
* promote sustainable mining / processing (use of
renewables, environmental remediation)
* promote awareness about real costs
(environmental, social) & critical consumption
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“A truly clean, just and equitable energy economy
will require not just a transition to cleaner sources
of energy, but transformation on an individual and
collective level. We urge you to join us and ensure
that the move to clean energy [...] helps to build
climate change solutions that put communities,

workers and the environment first.”

[Declaration on Mining and the Energy Transition, Human Rights Watch, Oct 2021]
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essential readings

The Role of Critical
Minerals in Clean Energy
Transitions

1\
N\

The Material Basis
of Energy Transitions

Edited by
Alena Bleicher @
Alexandra Pehlken

[201] - [2021]
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