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



Evaporation ponds, Salar de Atacama, Chile (source: SQM)



Evaporation ponds, Salar de Atacama, Chile (source: SQM)

Chile:
c. 20 KT Li / yr
25% of world 
production
c. 2 million Tesla S’s or 
7 million Nissan Leafs



The Energy Transition is also a Materials 
Transition

'The green stone-
age’







Nebra Sky Disk and associated items

c. 1600 BC, Nebra, Germany

Landesmuseum für Vorgeschichte, Halle, Saxony-Anhalt

Native copper vein, 

Washington Island, Minnesota

http://www.geo.mtu.edu/KeweenawGeoheritage/



The Mineralogical Barrier Concept
(after Skinner, 1979)

Photos: geology.com & crystalclassics.co.uk

~30% Cu

chalcopyrite(sulfide)

native copper 

100% Cu



Redrawn from Mudd, 2009. The Sustainability of Mining in Australia: Key Production Trends and Their Environmental Implications for the Future 



Values in Kton

https://www.usgs.gov/centers/nmic/copper-statistics-and-information



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 ???



43.5 years 

in 2019 

(and 2020)

From: Schodde (2010) The key drivers behind resource growth: 

An analysis of the copper industry over the last 100 years  
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After McKelvey (1973)



ec.europa.eu (Dec. 1st 2016)

PV=photovoltaic 

cells

EV=electric vehicles
Rare Earth Elements

(Pr, Nd, Dy, etc.)

In

Li, Co, REE





STEPS: Stated Policies Scenario

SDS: Sustainable Development Scenario aligned with Paris Agreement

International Energy Agency (2021) The role of critical minerals in clean energy transitions



Demand for lithium due to electric vehicle explosion (90% recycling scenario)

Bloomberg scenario for EV growth 6 kg Li/vehicle 10 year replacement 90% recycling

$22K/tonne

Li2CO3
$16K/tonne



International Energy Agency (2021) The role of critical minerals in clean energy transitions



Senkaku Islands diplomatic crisis (China v Japan/US), Sept. 2010





Salar de Uyuni



Oil crisis 1973





The social dimension

www.ntr.nl/Bodem-in-zicht/384

Salar mining in South America at risk of 

rapidly losing ‘social license to operate’ due 

to water shortage concerns

Gas exploitation Groningen

Salar de Uyuni, Bolivia: Lithium reserves 5.5 MT, Resource 

estimate 21 MT

Argentina: Li resource size estimate 19 MT

Trouw, 10 September



Salar de Atacama (Chile): 1400 ppm

Salar de Uyuni (Bolivia): 500 ppm

Cornwall mine waters: 100-200 ppm 

Seawater: 0.2 ppm

New exploration projects in St. Austell (UK), Cinovec

(Czech Republic), Mt Cattlin (W. Australia),

Alvarroes (Portugal) to start production

New exploration projects in 

Ghana, Mali, Zimbabwe

Solution: diversify supply of critical raw materials (geography, type of resource) 

Lithium



Solution: diversify supply of critical raw materials (geography, type of resource) 

https://www.spglobal.com/en/research-insights/articles/lithium-supply-is-set-to-

triple-by-2025-will-it-be-enough

Supply to triple 
by 2025



processing/smelting

recycling
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Solution: circular economy, increase recycling



Solution: circular economy, increase recycling

International Energy Agency (2021) The role of critical minerals in clean energy transitions



https://www.youtube.com/watch?v=bhuWmcDT05Q for original full video

https://www.youtube.com/watch?v=bhuWmcDT05Q


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

• Er is 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.

• Vooral materialen zoals lithium, cobalt en zeldzame aardmetalen kunnen de 
energie transitie vertragen in het geval van schaarste op de markt (critical 
raw materials).

• De quasi-monopolies van sommige landen wat betreft mijnbouw en 
opwerking/raffinage vormt een gevaar voor de betrouwbaarheid van de 
aanvoer.

• Voor sommige materialen (lithium, grafiet) is het maar de vraag of de 
mijnbouw het groeitempo van de vraag kan bijbenen; voor lithium is het 
echt ‘alle hens aan dek’!
Verlies van ‘social license to operate’ kan zorgen dat de toevoer uit 


