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Critical metals for the energy transition 
Where did this start? 



The global energy transition 
Two statements 



Statement #1 
Yes or no? 

“A global shift from fossil-
based to renewable 

electricity procution is 
possible in the next 32 

years.” 



Statement #2 
Yes or no? 

“When we create a circular 
system for critical metals, 

the supply problem of these 
metals will be solved.” 



Dutch energy transition: metal demand 
How significant is our global share? 



Climate & circular economy policies 
National Climate Agreement 

•  100+ organisations are working on a 
National Climate Agreement 

•  The aim is -49% CO2-emissions (eq.) in 
2030, and -95% in 2050 

•  Depending on EU efforts, potential 
shift to -55% in 2030 

•  Additionally, the Netherlands aims to 
become a circular economy in 2050 

•  The aim is to reduce primary resource 
use with 50% in 2030 



Critical metals are everywhere… 
Our life cannot function without critical metals 

•  Our increasingly high-tech society 
increases critical metal demand each 
year 

•  Electronics, industry, and military 
applications have specific needs 

•  Also electricity storage and electric 
transport have a critical metal need 



Critical metal demand for the Netherlands 
Renewable electricity production only! 

Conclusions 
•  For five metals, the required demand for 

renewable electricity production capacity 
is significant 

•  If the rest of the world would develop 
renewable electricity capacity at a 
comparable pace, a considerable 
shortage will arise.  

•  When other applications are also taken 
into consideration, the required amount 
of certain metals would further increase.  



Global critical metal demand 
Demand for wind turbines and PV only 

Conclusions 
•  Future annual critical metal demands of the 

energy transition surpass the total annual 
critical metal production.  

•  An exponential growth in renewable energy 
production capacity is not possible with 
present-day technologies and annual metal 
production.  

•  To be able to realize a renewable energy 
system, there is a need to both 
dematerialize renewable electricity 
production technologies and increase 
global annual production.  



Origin of cricital metals  
Non-European mines dominate supply 

Conclusions 
•  The Netherlands is entirely dependent on 

countries outside of Europe - mainly on 
China - for its critical metals.  

•  Not only is the main share of current 
production located in China, the country 
also hosts refinery facilities for many metals.  

•  Australia and Turkey are also important 
countries for the extraction of specific 
metals, particularly neodymium (Australia) 
and boron (Turkey).  



Technological differentiation 
Critical metal demand per technology 



Critical metals: a complex issue 
Availability ≠ supply 



Perspectives on reserves 
Five different definitions 

•  Reserves are the ores of which we know can be 
mined under current market conditions.  

•  The reserve base can be mined with available 
technologies but is not currently economically 
viable.  

•  The identified resource is the amount of 
concentrated ores that we know is within the 
Earth crust.  

•  There are expected to be undiscovered 
resources, which are not yet known in present 
resource data.  

•  The crustal abundance expresses all the 
material of a certain metal, right down to the 
lowest concentrations imaginable.  



Complex supply chains 
Various factors influence the supply of cricital metals 



Complex supply chains: production  
Critical metal supply is hard to scale 

•  Dependency on other metals  
A number of critical metals can only be 
produced in combination with other, more 
common metals. Two examples: 

•  Tellurium is a byproduct of copper  
•  Indium is a byproduct of zinc.  

•  Slow scaling of production 
Opening a new mine takes 10 – 20 years. 
This time is required for preliminary 
research, the construction of infrastructure, 
and environmental permits, etc.  



Complex supply chains: availability  
Critical metals might not be available on the free market 

•  Protectionism 
Producing countries are dominant players 
when it comes to availability of critical 
metals.  

•  Environmental factors 
Mining has significant environmental 
impact to the mining area. Legal standards 
on health and environment can increase 
costs, and even prohibit mining activities.  

•  Responsible sourcing 
The labor conditions under which critical 
metals are won, are not always according 
to ‘our’ standards. 



Complex supply chains: applications  
The supply might not be able to meet the demand 

•  Substitution difficulty 
All critical metals have unique properties. 
Therefore, they are difficult to substitute in 
the specific application they are used in. 

•  Speed of growth 
In a speedy transition, desirable in the 
reduction of CO2-emissions, chances are 
that production capacities of mines and 
refineries will not be able to keep up with 
the growing demand.  



Complex supply chains: recycling  
Recycling is a long-term strategy, not a short-term solution 

•  Technological complexity 
Recycling critical metals is a complex 
process. Materials are often combined and 
alloyed to enhance and create functional 
properties.  

•  Availability of secondary material 
In the upcoming 20 years, the material 
need for new wind turbines and solar 
panels exceeds the potential supply from 
recycling: there is simply not sufficient 
material to be recycled yet. 



And what next? 
Towards a truly renewable energy supply 



Four key insights 
To help understand the complexity of the problem 

Use of critical metals saves energy  

Limited availability and one dominant 
supplier limit market freedom  

Recycling is a long-term strategy, not a short-term 
solution  

Our dependency increases further every year  



1: Reduce metal use through substitution 
Demand for critical metals can decrease 

•  If a significant shortage of a metal leads 
to sustained price increases, products 
are redesigned 

•  An example: after the 2010 price peak for 
Neodymium, 20-50% of the neodymium 
magnet demand was substituted with 
other technologies (such as hybrid 
generators) 

•  However, substitution alone will only 
shift the burden to other metals. Also, 
substitution has technical limitations. 



2: Improve circular design 
Enable future reuse of components and recycling of materials 

•  By applying circular design principles, 
the lifespan of wind turbines and solar 
panels can be optimized 

•  Solar panels: design for disassembly, 
to enable future reuse of components 

•  Wind turbines: design for long lifetime, 
to avoid unnecessary replacements 

•  Increase recycling efforts to enable 
future reuse 



3: Consider a European mining industry 
An increase in supply is definitely needed 

•  Conditions for mining in EU are not 
favorable: deposits are relatively 
limited, public acceptance of mining 
is low, and labor is expensive.  

•  New production is needed to keep 
up with the global demand 

•  A European mining industry could 
benefit from a strong high-tech 
industry for mining equipment 



While we are working on reducing our 
dependence on Arabian and Russian oil, we 
are creating a new dependency at the same 

time: a dependency on (Chinese) metals.  
David Abraham 


