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Wood Mackenzie: Built for the Energy Transition

Broad and deep - Forming an integrated energy transition view by assessing each segment,
commodity, technology and market
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Demand to 2030 very healthy across base and energy transition metals
Even under our base case - 2.5 degree warming scenario - demand increases will put

pressure on supply.
Market growth to 2030 - Bulks
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Market growth to 2030 - Metals
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Supply gaps become real as lead times extend and decisions are delayed

Meeting base case requirements will be “challenging” given market conditions, investment
environment and project lead times that stretch to 10-15 years. ~$200bn required

2030 supply required from currently uncommitted projects (base case 2.5 degrees)
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Building back better?

Pre-construction assets in some metals may struggle to add meaningful growth this decade

Average project lead times
Years between stages
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What does it take to achieve accelerated decarbonization?
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Wood Mackenzie’s Accelerated Energy Transition 1.5-Degree scenario
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Wind and solar generation more than double in a net zero world

Generation, transmission, storage and use of low carbon energy cannot be achieved without
metals. Renewable energy is more metals intensive than thermal generation

Power supply by fuel
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Gains to base metals consumption in a net zero world

EVs, energy storage and the grid are key demand drivers
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Al + .
% Grid-related 11.2 I % Grid-related +21.2 I .ﬂ.\ EV battery +3. 1-
EV chargers +03 EV chargers A
+0.0 ESS +0.8
ﬂ. ICEs -1.7 | m ICEs I
o¥e T e -12.6 “‘ Geothermal, hydro, nuclear +0.1
.ﬂ.‘ EVs +11.2 I l.l.. EVs +47 8- Sy
. () +
- _. ?'.‘{“ Solar 0.0
.l Other power generation sources -0.2 .l Other power generation sources +0.2 o
' Al Fossil fuel -0.1
A ESS +1.9 A ESS
B o +0.8 m Autos (ex- 01
~ (Y. @YWV pattery) :
At Solar +0.6 i Solar +2.6 | /
4 { - Wind +0.0
-i\ Wind +0.5 ‘I\ Wind +0.1 —
Organic demand growth +13l
Organic demand growth +160. Organic demand growth +19 OI
2020
2020 E 2020 m

Source: Wood Mackenzie. Note: Grid/transmission and distribution analysis performed only for copper and aluminium. Demand from the segment is an upside risk for the remainder metals. Organic demand growth
refers to ETO demand from other sectors that have not been captured for the purpose of this end-use analysis.

»

h

(


http://www.woodmac.com/
http://www.woodmac.com/

)

woodmac.com

Plug-in EV sales penetration reaches 60% by 2030 in a net zero world...

...placing further pressure on metals supply
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Automotive sales by powertrain, M units Demand from batteries versus base case supply
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An AET 1.5 °C trajectory places extraordinary pressure on metals supply\

A massive challenge for the metals industry ~US$390 billion needs to be invested by 2030

2030 supply from uncommitted projects (% of market): Base case and AET 1.5
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Industry under-investment is stark

Capex needs to accelerate aggressively to deliver the metals for a Paris-aligned pathway

Global Metals investment Capex ($Bn)
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Disciplined disciples: the Miners are keeping the purse strings tight
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Capex guidance is rising with decarbonisation investment and sustaining capital spend but
still well below levels of the last peak and commodity markets have grown

Capex guidance
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Do market fundamentals support the investment thesis?

Pent up demand, economic recovery, restocking, hoarding and some green growth are
supporting demand whilst supply chain issues and Ukraine crisis constrain supply but an
economic slowdown looms

Stock change as a percentage of the market 2021-2023

15%
R
(0®
O

10%

3
B3

3
S

stock change %

3
E5

m2021 m2022 m2023 m2024

-10%

-15%

Copper Aluminium Nickel Zinc Lead Neodymium Lithium Cobalt Graphite ~ Manganese Thermal coal Metallurgical  Iron ore

coal

Source: Wood Mackenzie, July STOs


http://www.woodmac.com/

.
A

woodmac.com ==

Meeting future supply requirements will entail investment in countries
that exhibit significant ESG risk with longer lead times

o
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Few mining jurisdictions offer low ESG risk opportunities. Resource nationalism on the rise in
Latin America and investors are risk averse
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Source: Verisk Maplecroft, 2022
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Time is not on our side

Lead times throughout the supply chain are long

Project lead times
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China Dominates the battery raw material supply chain bringing risks!
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Biography Connect with Alex

Alex has been in the industry since 2007 — both in the pit and at the desk.

Alex joined Wood Mackenzie in 2016. Alex is a metals and mining generalist. He works with buy-side clients, curating data and
research specifically for their individual needs. He researches timely and relevant industry topics, has acted as an expert
witness and collaborates on consultancy assignments.
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Alex has an intimate knowledge of the mining industry having spent seven years working as an onsite resource geologist in
outback Australia. Alex has also worked as an iron ore technical marketing consultant for a business intelligence group, and as

. Alex.Griffiths@woodmac.com
a teacher of Physics.

. : . . . . 44 20 3433 7107
Alex holds an MBA from the Australian Institute of Business, a BSc from the University of Liverpool, a Post Graduate +44 203433 710

Certificate of Geostatistics from Edith Cowan University and a PGCE (Physics) from the University of Leeds.
https://www.linkedin.com/in/alex
-griffiths-35863926/

Alex is an experienced an acknowledged speaker and is regularly quoted by respected media.
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Disclaimer

Strictly Private & Confidential

These materials, including any updates to them, are published by and remain subject to the copyright of the Wood Mackenzie group (“Wood
Mackenzie”), or its third-party licensors (“Licensors”) as relevant, and are made available to clients of Wood Mackenzie under terms agreed
between Wood Mackenzie and those clients. The use of these materials is governed by the terms and conditions of the agreement under which
they were provided. The content and conclusions contained are confidential and may not be disclosed to any other person outwith Wood
Mackenzie’s prior written permission. Wood Mackenzie makes no warranty or representation about the accuracy or completeness of the
information and data contained in these materials, which are provided ‘as is’. The opinions expressed in these materials are those of Wood
Mackenzie, and do not necessarily represent our Licensors’ position or views. Nothing contained in them constitutes an offer to buy or to sell
securities, or investment advice. Wood Mackenzie’s products do not provide a comprehensive analysis of the financial position or prospects of
any company or entity and nothing in any such product should be taken as comment regarding the value of the securities of the entity. If,
notwithstanding the foregoing, you or any other person relies upon these materials in any way, Wood Mackenzie does not accept, and hereby
disclaims to the extent permitted by law, all liability for any loss and damage suffered arising in connection with such reliance.

Copyright © 2022, Wood Mackenzie Limited. All rights reserved. Wood Mackenzie is a Verisk business
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Wood Mackenzie™, a Verisk business, is a trusted intelligence provider, empowering decision-makers with unique insight on
the world’s natural resources. We are a leading research and consultancy business for the global energy, power and
renewables, subsurface, chemicals, and metals and mining industries. For more information visit: woodmac.com

WOOD MACKENZIE is a trademark of Wood Mackenzie Limited and is the subject of trademark registrations and/or
applications in the European Community, the USA and other countries around the world.
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