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Material criticality

e High economic importance
e High supply risk
e Criticality isdynamic

* Ni and Sn currently not considered
critical by European Commission

e Criticality highlights the problem

e Act before it becomes a problem

Solution: Supply Chain Resilience

Supply
risk

Economic
importance



Supply Chain Resilience

Pre-disruption During disruption Post-disruption

Readiness [ FResponse ] [ Recovery |

P ( 1 Absorptive - Restorative .
p o : Resistance Rapidity _ 5
Lo l Robustness ‘ capacity pidity capacity Restoration

Anticipation Adapiive [ Adaptation ] Adaptive [ Advancement |
capacity

‘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

Types of system disruption

Demand

Incremental innovation Radical innovation

socio-technical trends Societal crisis

Slow Fast

Cre depletion (Matural) disasters

Frotective measures (Geo)political issues




Options to improve resilience
Demand
Functional substitution Durability increase
. = | Material substitution |
C ® | Stockpiling c o
— Intensity reduction ‘ =
W / Mew primary supply !
Loss reduction New secondary supply
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Research goals

28

NI

Mickel
L 58.6934 of

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

Status: ready for publishing

50

Sn

Tin
1 118.71 /

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

Status: developing model



Methodology

Elements of

N,

o, ® «r C 4)
System Agent-based Exploratory Life Cycle
Dynamics modelling Modelling & Assessment

Modelling (SD) (ABM) Analysis (EMA) (LCA)



Novel aspects

Nickel model: Tin model:

Detailed primary supply structure Regional demand, supply and
at the level of individual mines trade between 8 regions
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Model structure (4 sub models)

&

L =

Demand Supply Price Impacts



Nickel model structure

—
h
W\

.

Demand

Bottom-up: electricity generation,
electricity storage, vehicles

Top-down: Rest of the Economy (RoE)

3 uses (sectors): class | (batteriesand
other), class Il (stainless steel)

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

= R

Supply

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

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

Aggregated global consumptionand
secondary supply per sector

Mechanisms for exploration, capacity
increase and mothballing



Nickel model structure

=
&
5§
$

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

R

Impacts

Dynamic, regional resource depletion

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

Dynamic, regional final energy use

Dynamic, regional greenhouse gas
emissions
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Disruption & resilience scenarios

Disruption scenarios included in the model Resilience scenarios included in the model

i Demand i i Demand i
i Radical o Energy EV battery |
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Nickel results

Disruption scenarios Resilience scenarios
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Resource depletion
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Resilience scenarios b4
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Other scenarios and uncertainties

e Resilience scenarios
that did not have much
impact:

e Energy system flexibility

e Supply chain loss
reduction

e Other uncertainties
with a large impact
e By-productinclusion

e Maximum rate of
capacity increase
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Conclusion

The nickel system is:

e Resilient to partial substitutionand to a
one-year supply disruption compromising
the top supplying country.

e Conditionally resilient to ore depletion
and the energy transition
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Factors contributing to resilience:

Energy transition

Fast H Slow

Exploration

Low H High

High Radical battery innovation Low

nickel nickel
EV battery lifetime

Low M High
Battery EoL RR 2y

Low M High

By-product consideration
No H Yes

Global capacity increase
Low M High
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