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Circularity: a critical ingredient for a resilient, 
responsible and sustainable energy transition
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Green ambitions

De komende 30 jaar staan in het teken 
van enorme investeringen van zowel 
geld als materiaal in het hernieuwbare 
energiesysteem
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Critical minerals for the energy transition
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Supply of raw  metals is under pressure
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The war in Ukraine hampers supply 
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The war also geares up the transition
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National governments see opportunities and seek bilateral 
deals
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Broader geopolitical consequences
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Environmental impacts of green ambitions
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Building the material stocks in renewables 

Source: Yanan Liang, in prep.
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Mathematical limits to recycling
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Mathematical limits to recycling
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Example: electrolyzers

Source: Martijn van der Star , 2022
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In short:
• The energy transition speeds up: strive to become less 

dependent on Russian fossils and increasing urgency (IPCC)
• Autocratic ‘Oil states’ will be replaced by autocratic 

‘Electrostates’
• China is very dominant for the supply of ‘green’ metals, 

materials and technologies
• Prices of oil and gas are high:  stimulates the transition (?)
• War and sanctions results in higher metal prices
• And what consequences will ‘the end of globalization’ mean for 

the transition?
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Important lessons from Industrial Ecology
• The coming three decades the metal requirements for the energy 

transoition will increase rapidly
• It is not at all certain that supply can keep up with demand

• Circularity is crucial but will be significant only when the period of 
rapid growth of wind/solar/ bateries is completed 

• A fossil based system needs a continuous inflow of raw materials 
(fossil fuels), a renewable based system requires a maar een 
hernieuwbaar systeem is gebaseerd op een large–scale stock of 
materials (in windturbines, PV cells, batteries, …)

• We have to build these stocks first with input of primary materials 
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How can material science help ?
• Do more with less: 
◦ reduce material content in current technologies 
◦ develop technologies / materials that require less materials (perovskites?) 

• Develop new technologies based on abundant materials (sodium based batteries ?)

• Develop materials that will last longer

• Develop materials that can easily be re-used / recycled

• Develop efficient recycling processes for complex products like batteries and PV 
solar
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