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[figura da: A. King, Critical Materials, Elsevier 2021]

“Un sempre maggior numero di 
elementi vengono utilizzati in 

praticamente tutte le nostre tecnologie. 
I dispositivi di oggi dipendono da una

gamma di elementi che è la più ampia
mai utilizzata in tutta la nostra storia.”

A. King, Critical Materials, Elsevier 2021

“In un lasso di tempo 
soprendentemente breve, siamo

diventati dipendenti da un mucchio di 
elementi, e di materiali fatti da questi. 

Prof. M. Ashby
Materials and Sustainable development

Elsevier 2016



magneti
NdFeB



[animazione da: nationalmaglab.org]
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[immagine adattata da: nationalmaglab.org]
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[figura da: https://www.bbc.com/future/article/20150402-the-worst-place-on-earth]

bacino di stoccaggio a Baotou, Cina (Mongolia interna)

miniera di Bayan Obo,
Cina (Mongolia interna)

[figura da: www.japantimes.co.jp, © Reuters]



[figura da: A. King, Critical Materials, © Elsevier 2021]
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Terre rare e sicurezza nazionale USA
“Rare earth permanent magnets are not only essential components in a
range of defense capabilities, including the F-35 Lightning II aircraft, Virginia
and Columbia class submarines and unmanned aerial vehicles […].

Magnets produced from rare earth elements are used in systems such as
Tomahawk missiles, a variety of radar systems, Predator unmanned aerial
vehicles, and the Joint Direct Attack Munition series of smart bombs. The F-
35, for instance, requires more than 900 pounds of rare earth elements.
Each Arleigh Burke DDG-51 destroyer requires 5,200 pounds, and a Virginia
class submarine needs 9,200 pounds. ”

(Source: US Dept. of Defense website, 2024)

400 kg REE 2.300 kg REE 4.100 kg REE
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Terre rare…
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[fonte: IEA 2021, dati: IEA (2020a); USGS (2021), World Bureau of Metal Statistics (2020); Adamas Intelligence (2020)]

quote dei primi tre paesi produttori di alcune materie prime, 2019

[figura adattata da: The role of critical minerals in clean energy transitions, © IEA 2021]
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Materie prime critiche e Unione Europea
Discorso di Ursula von der Leyen all’ EU Industry Days 2021 (23 Feb 2021)

“Green and digital technologies currently depend on a number of scarce raw materials”

“ 98% of the rare earth elements we need come from a single supplier: China. 
This is not sustainable.”



[IRENA (2023), Geopolitics of the energy transition: Critical materials]

Rischi geopolitici legati alle materie prime critiche



Invasione dell’ Ucraina

[Columbia Univ. (2022), SUPPLY OF CRITICAL MINERALS AMID THE RUSSIA-UKRAINE WAR AND POSSIBLE SANCTIONS]

[ Bloomberg, 12th April 2024 ]



[IRENA (2023), Geopolitics of the energy transition: Critical materials]



2019 – Indonesia banned Ni export

2022 - Zimbabwe banned the export of raw Li

2023 - Indonesia banned bauxite export 

2023 - Namibia prohibited the export of raw Li
and other critical materials

[IRENA (2023), Geopolitics of the energy transition: Critical materials]

• The Philippines, the world’s second-biggest 
nickel supplier (12%), may soon tax Ni
exports to encourage domestic industry

• Chile’s President Gabriel Boric has made 
moves to nationalize Li industry

[ source: Godman-Sachs, 2023 ]



[IRENA (2023), Geopolitics of the energy transition: Critical materials]

Competition over World’s resources



Environmental (and social) impact

[IREN
A (2023), G

eopolitics of the energy transition: Critical m
aterials]

1. Environmental impacts
• GHG emissions
• Biodiversity loss
• Water stress
• Waste and pollution
• Deforestation / soil erosion

2. Social impacts
• Artisanal mining (child labour)
• Forced labour
• Labour conditions
• Indigenous communities / 

displacement



[2021]

[2016]



Social impact

[IEA, 2023, Sustainable and responsible critical mineral supply chain]



Social impact

[https://www.iea.org/commentaries/why-is-esg-so-important-to-critical-mineral-supplies-and-what-can-we-do-about-it]



Not In My Backyard (NIMBY)

[Belgrado 2021, proteste contro apertura miniera di litio – fonte: bloomberg.com – © Oliver Bunic/Bloomberg] 



Critical Raw Materials Act (March 2023)

[from: critical raw materials act factsheet, https://ec.europa.eu/commission/presscorner/detail/en/fs_23_1663]



Critical Raw Materials Act (March 2023)

[from: critical raw materials act factsheet, https://ec.europa.eu/commission/presscorner/detail/en/fs_23_1663]
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