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THE ESSENCE OF THE ENERGY TRANSITION
JUST CHANGING THE STUFF WE ARE MINING

FOSSIL FUELS CRITICAL MATERIALS

Large mining quantities
2l on tonnes of fossil
re extracted

Generate huge rents

Oil and gas exports alone
represented a value of
USD 2 trillion in 20213

Input to manufacturing

Critical materials are housed
within energy assets that typically
have a 10-30 year lifespan.

Energy transition risk

Disruptions in the supply of critical
minerals can delay the construction of
new clean energy assets, but do not
affect current energy prices or supply.

Not recyclable

Fossil fuels are primarily consumed
through combustion and cannot
be recovered or repurposed.

Reusable and recyclable
High potential for reducing use,
reusing and recycling.
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SCHEMATIC OVERVIEW
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Source: (Ayuk et al, 2020).

Source: Geopolitics of the Energy Transition: Critical Materials (irena.org)
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CHINA DOMINATES THE PROCESSING OF CRITICAL MATERIALS

Where Clean Energy Metals are Produced Where Clean Energy Metals are Processed

12% 10%

o ) ° @ 44%
Cnpper ==k o : 0 \@@Other
O 6%

Nickel

conatt [ I e oy Blle::

= 4% b 5%
13% 16% 12%
Rare
Earths

13%

|®&: © @

13% @ 3%

The Biden ad
targeted ra
dor

Source:Visualizing China’s Dominance in Clean Energy Metals (visualcapitalist.com)
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TOWARDS A SUSTAINABLE EU ENERGY SYSTEM
MATERIALS DEMAND FOR THE EU SUSTAINABLE DEVELOPMENT SCENARIO (SDS)
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Deployed capacity of energy technologies in Europe in 2050 under the SDS scenario compared to 2020 and the required CRMs. Data: TNO (forthcoming), SWOT analysis — Critical raw
materials for the European enerqy transitiom, EC (2020), Study on EU% list of Critical Raw Materials; 1EA (2021), The Role of Critical Minerals in Clean Energy Transitions.
* Not indluded in study TNO. The demand increase shown is a global estimate for 2040 (IEA) rather than a European estimate for 2050 (TNO).
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SUSTAINABILITY IMPACT OF MINING
EXAMPLE FOR RARE EARTH OXIDES (REOs)

REOs Primary Energy GHG Water kL Toxicity
MJ/kg kg CO,-/kg Water/kg *DALY/kg
La 177 93 0.33 1.65%10°¢
Ce 157 8.3 0.30 1.46x10°
Pr 798 414 1.32 736x10°
Nd 743 385 1.23 6.86 x 10°
Sm, Eu, Gd (mixed oxide) 1,074 55.6 1.75 9.89x10°

Note: *DALY—Disability adjusted life years (metric to determine toxicity on human health developed by
World Health Orgnisation [64].

The major contributor to total GHG footprint of REE processing is hydrochloric acid (ca. 38%),
followed by steam use (32%) and electricity (12%).

Source: Resources 2014, 3, 614-635; doi:10.3390/ resources3040614 TNO 5™ ¢
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Supply Risk

CRITICALITY OF RAW MATERIALS FOR THE EU
SUPPLY RISKS AND ECONOMIC IMPORTANCE OF CRITICAL MATERIALS
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SUPPLY DEMAND GAP
WILL CRITICAL MATERIAL SUPPLY SLOW DOWN THE EU ENERGY TRANSITION?

Committed Mine Production and Primary Demand for Selected Metals
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HISTORIC LEAD TIME FOR DEVELOPING A NEW MINE IS 15-20 YEAR

Source: |[EA TNO:
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DISRUPTION
THE FUTURE OF “MADE IN EUROPE” WITHOUT ACCESS TO CRITICAL MATERIALS?
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-.BUT OPPORTUNITIES ARE ALSO EMERGING
SUSTAINABLE LITHIUM MINING IN GERMANY BASED ON ELECTROCHEMISTRY

Lithium hydroxide distributed ONECLP in
Frankfurt

to the EU customers
converting

4% LiCl to LHM
Lithium

Plant

Renewable electricity ’_%_’ VULCAN ENERGY % Lithium chloride
and/orheatsoldto V? ZERO CARBON LITHIUM™ transported to the

the grid central lithium plant

. N TWO new
ONE Renewable heat, electricity and brine LEPs
:z:f{‘;‘vgo transferred to the sorption plant adjacent to
i e geothermal
geothermal ::) Plants
plants

Wells are drilled into the deep.
hot, lithium-rich brine resource,
which is pumped to the surface
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Note: LEP = Lithium Extraction Plant, CLP= Centrol Lithium Plant
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HOW TO REDUCE THE SUPPLY RISKS FOR CRITICAL MATERIALS?

“BECOME THE GLOBAL SOLUTION PROVIDER FOR SUSTAINABLE
MINING, REFINING AND RECYCLING OF CRITICAL MATERIALS”

-8 ChemistryNL
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CONTACT DHAIis
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