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Material criticality

• High economic importance
• High supply risk
• Criticality is dynamic
• Ni and Sn currently not considered 

critical by European Commission
• Criticality highlights the problem
• Act before it becomes a problem

Solution: Supply Chain Resilience



Supply Chain Resilience

‘The capacity to supply enough of a given material to satisfy the demands of society, and to provide 
suitable alternatives if insufficient supply is available’ (Sprecher et al., 2015, p.2).



Disruptions



Resilience mechanisms
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Nickel research: 
Exploration of the development and resilience 
of the global nickel supply chain under various 
disruption scenarios, resilience mechanisms 

and other uncertainties between 2015 & 2060

Tin research:
Exploration of the development and resilience 

of the tin supply chain and the impact of 
regional circularity policies at the global, EU28 

and NL levels between 2017 & 2070

Research goals

Status: ready for publishing Status: developing model
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Nickel model: 

Detailed primary supply structure 
at the level of individual mines

Tin model:

Regional demand, supply and 
trade between 8 regions

Novel aspects
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Model structure (4 sub models)

Demand Supply Price Impacts



Demand

Bottom-up: electricity generation, 
electricity storage, vehicles

Top-down: Rest of the Economy (RoE)

3 uses (sectors): class I (batteries and 
other), class II (stainless steel)

Price feedbacks included (substitution, price 
elasticity, intensity changes)

Supply

Nickel model structure

Resources, reserves and ore grades per 
mine (652 projects)

Data on ore type, by-product composition, 
processing method, etc.

Aggregated global consumption and 
secondary supply per sector

Mechanisms for exploration, capacity 
increase and mothballing



Price

Costs include: energy, royalties, reagents & 
other, carbon price, fixed costs, capital costs 

Option to include or exclude by-products (3 
mining energy allocation methods)

Price is based on the marginal costs 
allocated to nickel and scarcity

Profit based on the marginal costs of the 
deposit, nickel price and by-product prices

Impacts

Nickel model structure

Dynamic, regional resource depletion

Dynamic, regional by-product production 
(mainly cobalt and palladium)

Dynamic, regional final energy use

Dynamic, regional greenhouse gas 
emissions





Disruption & resilience scenarios



Nickel
Results



Nickel results

Disruption scenarios Resilience  scenarios



Energy transition



Resource depletion

High explorationLow exploration



Single run results for additional Russia disruption

Supply disruption



Resilience scenarios

Radical Innovation* Battery lifetime increase EoL waste management



• Resilience scenarios 
that did not have much 
impact:

• Energy system flexibility
• Supply chain loss 

reduction

• Other uncertainties 
with a large impact

• By-product inclusion
• Maximum rate of 

capacity increase

Other scenarios and uncertainties



Factors contributing to resilience:

• Resilient to partial substitution and to a 
one-year supply disruption compromising 
the top supplying country. 

• Conditionally resilient to ore depletion 
and the energy transition

The nickel system is:

30000
15000

Conclusion
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