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Green ambitions

Clean energy investment in the net zero pathway
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Critical minerals for the energy transition

Mineral demand for clean energy technologies by scenario
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Notes: Mt = million tonnes. Includes all minerals in the scope of this report, but does not include steel and aluminium. See Annex for a full list of minerals.
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Supply of raw metals is under pressure

S&P Capital 1Q™™
Bloomberg Sign Ir

Nickel-Price Surge Adds Pressure Onto Stainless-

Copper demand to outstrip supply amid energy transition, Steel Products
By Thomas Gualtieri

China Molybdenum says o enaTes WL TV >
March 17, 2022, 12:03 PM GMT+1

Listen to Live Radio > g

LIVE ON BLOOMBERG

Wednesday, March 30, 2022 11:58 AM ET

S&P Capital Q™

Bloomberg Signin  Subscribs

Chinese Electric Carmaker Calls Battery Price Hikes
‘Ridiculous’

m Li Auto CEO took to social media platform Weibo over weekend

thhl um prOducers unable to meet near-term demand = Xpeng, BYD, WM Motor have all increased prices in recent weeks

Tuesday, March 15, 2022 8:57 AM ET
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The war in Ukraine hampers supply

S&P Global
| Market Intelligence

i The Big Read Renewable energy
Will the Ukraine war derail the ‘ — EU eyes more nuclear energy but
green energy transition?

Who We Serve Solutions News & Insights Events Product Login

wranium market surges still reliant on Russia as uranium
;;;ht Weekly: Rising US market Su rges

interest rates: banks

As Europe scrambles fo find alternafives to Russian oil and gas and global energy prices
soar, coal could be the winner

Bloomberg

China-Europe Rail Lines Become Supply Chain’s
Leslie Hook and Neil Hume MARCH 8 2022 D 292 i LateSt Problem

Eﬂifkt;ltﬁz?émgence Who We Serve Solutions News & Insights Events Product Login Request Demo m Auto, electronics makers seek to shun train freight via Russia
= More containers threaten to swamp already congested ports

LIVE ON BLOOMBERG

15 Mar, 2022

Watch Live TV >
Listen to Live Radio >

‘ Russan asioncf Ukl Russian invasion of Ukraine may
drive EU back to China as source for

Innl.;ht Weekly: Rising US rare earths

interest rates; banks
accelerate buybacks; coal
customer base shrinks . -
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The war also geares up the transition

Bloomberg Green
Bloomberg Green Sign In
Energy Crunch Spurs ‘Insane’ Rush for Industrial A Wartime Imperative to Speed Up Decarbonization
ROOH:OP SOIar There are many ways to change the energy future using technology, finance, planning and
m Demand for on-site solar power has surged in recent weeks permission, public perception, and policy
m Europe’s industry can cut costs by boosting renewable power
Bloomberg Sig
U.K. to Ramp Up Offshore Wind Targets in Energy Q Search Bloomberg Green Siantn
Security Push _
= Government set to publish energy supply plan. next week ' Green ‘ Sparkllnes
= Johnson wants to lower dependence on Russia due to Ukraine | | A Wartime Imperative tO Speed Up Decarbonization

There are many ways to change the energy future using technology, finance, planning and
permission, public perception, and policy

Photographer: Kiyoshi Ota/Bloomberg

By Alex Morales
March 17, 2022, 6:13 PM GMT+1
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National governments see opportunities and seek bilateral
deals

Ehe New Hork imes

Bloomberg

Daily Business Briefing >

. World Taps Canada for Potash, Uranium as War
Biden Invokes Cold War Statute to Roils Markets

m Russia’s invasion of Ukraine has disrupted global supplies

BOOSt Critica.l Minera.l Supply = ‘We have been approached,’ Canadian government confirms

The action aims to enhance American production of crucial
materials for electric vehicles, defense systems and other

technologies. Q FINANCIAL TIMES

Bloomberg IE WORLD US COMPAMNIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS HOW TO SPEND IT

Australia Plans Rare Earths Boost to Fight China Your guide to a disrupted world
‘Dominance’

m PM Morrison will announce $175 million for four projects
m U.S. and allies want to diversify suppliers of critical metals Rare earths
By Ben Westcott LIVE ON BLOOMBERG

___________________________________________________________ China merges 3 rare earths miners to

March 16, 2022, 12:17 AM GMT+ Updated on March 16, 2022, 3:49 e | \ﬂ Strengthen dominance of sector
AM GMT+1
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Broader geopolitical consequences

ECO'II;ggliSt = Menu Weekly edition Q_ Search v FINANCIAL TIMES
S COMPANIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS HOW TO SPEND IT

Full metal jackpot

Finance &

economics The transition to clean energy will mint
Mar 26th 2022 edition new commodity superpowers

Your guide to a disrupted world

BlackRock Inc + Add to myFT

BlackRock chief Larry Fink says Ukraine war
marks end of globalisation

We look at who wins and loses

= Q FINANCIAL TIMES

HOME WORLD US COMPANIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS

Boss of $10tn asset manager warns about inflation as companies reconfigure supply chains

The Big Read Automobiles
Volkswagen and China: the risks of
Opinion Markets Insight l'elﬁng On authoritarian States

The pendulum of globalisation is

SWlnglng baCk The war in Ukraine is adding to the political challenges for the German company, which
makes half its profits from China

Your guide to a disrupted world

Onshoring is on the rise as companies and countries seek greater
supply security amid geopolitical tensions

Discover the world at Leiden University



Environmental impacts of green ambitions

Q FINANCIAL TIMES

WORLD US COMPANIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS HOW TO SPEND IT

S&P Capital Q™

Your guide to a disrupted world

Miners face 'enormous’' challenge to make copper cleaner for

energy transition Rare earths
Thursday, March 31, 2022 11:05 AM ET Biden faces green dilemma in push to build US
By Kip Keen rare earths capacity

Market Intelligence

White House wants o reduce reliance on China for critical materials but environmentalists
have raised objections

FINANCIAL TIMES

. 3
S&P Capltal lQ US COMPANIES TECH MARKETS CLIMATE OPINION WORK & CAREERS LIFE & ARTS HOW TO SPEND IT

Your guide to a disrupted world

Responsible cobalt from Congo artisanal mining proving a
challenge for industry Greenland

Friday, March 25, 2022 3:06 AM ET Greenland election won by party opposed to
rare earths mining project

Left-green victory likely to be watched by US and China amid geopolifical fight over Arctic’s
future
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Building the material stocks in renewables
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Figure2. Newly installed capacities (for expansion and replacement).(a): Global wind power, and (b)

global PV. Source: Yanan Liang, in prep.
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Mathematical limits to recycling

Max % from secundary sources (at 100% recycling)
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Mathematical limits to recycling
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In short:

* The energy transition speeds up: strive to become less
dependent on Russian fossils and increasing urgency (IPCC)

e 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 (?)
e 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

e |tis not at all certain that supply can keep up with demand

e 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:

o reduce material contentin currenttechnologies
o develop technologies / materials that require less materials (perovskites?)

e Develop new technologies based on abundant materials (sodium based batteries ?)
* Develop materials that will last longer
e Develop materialsthat can easily be re-used / recycled

. Delvelop efficient recycling processes for complex products like batteriesand PV
solar
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