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[figure from: A. King, Critical Materials, Elsevier 2021]
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[figure from: A. King, Critical Materials, Elsevier 2021]



magnets
NdFeB



[animation from: nationalmaglab.org]

electric current motive power

[image adapted from: nationalmaglab.org]



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

~2t NdFeB magnets ( > 500 kg of Nd )



in 2040 we will need from 3 to 7 times more the amount of REE used in 2020
(source: IEA)

RE: rare earths

REE: rare earths elements

REO: rare earths oxides

Stated Policies 
Scenario (STEPS)

Sustainable Development 
Scenario (SDS)



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

Baotou tailing dam, China (inner Mongolia)

Bayan Obo mine, 
China (inner Mongolia)

[figure from: www.japantimes.co.jp, © Reuters]



[figure from: A. King, Critical Materials, © Elsevier 2021]





elements involved in 
the energy transition
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materials critical for the energy transition, by technology type



[figure from: The role of critical minerals in clean energy transitions, © IEA 2021]

mineral demand for clean energy technologies by scenario



price increase (%) for selected energy transition materials

[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]



Not In My Backyard (NIMBY)

[Belgrade 2021, demonstration against Li mine opening – source: bloomberg.com – © Oliver Bunic/Bloomberg] 



[source: IEA 2021, dati: IEA (2020a); USGS (2021), World Bureau of Metal Statistics (2020); Adamas Intelligence (2020)]

share of top three producing countries in production of selected minerals, 2019

[figure adapted from: The role of critical minerals in clean energy transitions, © IEA 2021]
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environmental impacts

• biodiversity loss

• water depletion and pollution

• waste-related contamination

• air pollution
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[Salar de Atacama, Cile]

[picture from: bloomberg.com - © Cristobal Olivares/Bloomberg]

[Daldykan river, 2016, Russia]

[picture from: siberiantimes.com - © Vkontakte]



“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]

[2021]

[2016]

[2017]



sustainability responsibility

e.g. REE extraction costs in Ganzhou: 4.500 USD/ton, 
including environmental remediation: 30.000 USD/ton

[source: www.chinawaterrisk.org]

sustainable 
price



energy transition heavily relies on many raw materials

issues of concern solutions

• the demand for these materials will 
greatly increase in the near future

• increase production & investments in mining
• plan for the long term
• increase research/innovation
• scale up recycling for specific materials

• mining/processing of these materials is 
concentrated in few countries

• diversify supply 
• promote awareness / social consensus on 

mining activities (no NIMBY)

• mining/processing of these materials can
have big environmental & social impacts

• foster corporate responsibility & accountability
• promote certified / transparent supply chains
• promote sustainable mining / processing (use of 

renewables, environmental remediation)
• promote awareness about real costs

(environmental, social) & critical consumption



“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]



essential readings

[2021] [2021]



popular books


