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Executive summary

Wood Mackenzie’s Energy Transition Outlook

Current pledges
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Key metrics

Risers and fallers

8 B o

e Fossil fuel use in e |ow carbon e Energy emissions e Wind and solar e Electric vehicle e Over US$1.3 trillion
total energy peaks in hydrogen reaches peak in 2026, share of power stock to reach 978 a year needed to
2032; oil demand 5% of energy placing the world on output rises to 50% million units by 2050 build new energy
begins to plateau in demand by 2050. a 2.5 °C warming by 2050, and that of from 17 million units supply capacity
2030s; gas growth Green hydrogen pathway hydro and nuclear in 2021 e As renewables
continues until 2040 costs fall around e Emissions markets falls to 20%, from e EVs will save 14.4 expand and

e Fossil fuel has a 75% by 2050; blue increased 50% with 25% million b/d oil hydrocarbons
60% share of hydrogen costs China’s ETS launch. e Total renewables- demand by 2050, plateau,
generation today, decline by around Average global wind, solar, nuclear, about 50% more infrastructure spend,
but will fall to 30% 8% due to gas and carbon price hit and hydro - reach than the gains and
by 2040 carbon costs. US$25/t in H1 2022 69% in output by provided by ICE decommissioning

e Battery costs to in markets where it 2050. Gas 16%, coal efficiency costs will increase
reach US$100/kWh is priced. 12%
mark by 2028, but Cumulative CCS
supply chain capacity to reach 1.8
challenges increase Bt in 2050

costs near term.

Source: Wood Mackenzie 3


http://www.woodmac.com/

)

Executive summary woodmac.com

New energy investments will continue to accelerate driven by policy
goals, economics, and investors

We expect ~USD$1.5 trillion in new energy capex through 2025 — and policies such as

REPowerEU could push capital investment higher
Total global new energy capex Proportion of 2020 CO, covered GFANZ approach to energy

by technology, 2022-2025 by net zero emissions targets sector funding
1,800

No target

S
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®Wind m Solar

= Energy storage mEV charging infra
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Source: Wood Mackenzie
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Energy security and price affordability will drive the next phase of the energy transition

Russia’s invasion of Ukraine has ushered in a crisis of unprecedented
scale on the global economy. The war is having previously
unimaginable consequences for energy and commodity markets. Oil is
trading above US$100/bbl and diesel has been at record premiums to
crude, while global gas/LNG and coal prices are at an all-time high of
up to four times their previous 10-year average. The price surge is a
direct result of self-sanctioning and fears of supply loss.

War has catapulted energy security and price affordability at the very
top of the political agenda. Countries with domestic hydrocarbon
resources will look to fast-track production, complicating
decarbonization efforts at least in the near-term. In the longer-term,
however, the rationale of energy security and climate goals could
converge, accelerating the energy transition; keeping this mind, many
are restructuring policies to increase investment in low-carbon sources,
even as tighter supply chains threaten to push up costs.

As Russia pivots to the east, a rewiring of energy trade is underway.
China and India will look to benefit from discounted Russian imports,
but they will also want to protect their access to European and US
markets. Much of Asia is also tied to net-zero goals so expect them to

follow the west in developing and adopting low-carbon energy supplies.

Source: Wood Mackenzie
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The energy transition will take a detour, but the fundamentals for decarbonisation

remain in place

® Hydrocarbons contributed over 80% of total primary energy demand in Total primary energy demand by fuel
2021. Existing infrastructure and industries are carbon intensive and type, 2021
have many years of useful life. Therefore, a significant decline in fossil '
fuels use will require a rapid scale up in low carbon supply and strong
policy push to increase investment.

e Government focus in the near term is to alleviate supply shortages and
reduce energy prices. As a result, more investment will go in to
increasing the supply of hydrocarbons because that’s the quickest
pathway to ramp up production and overcome years of
underinvestment. A flurry of new technologies are in different stages of
development and will be available at a lower cost than fossil fuels in the
next decade (see next slide).

e |nthis base case outlook, we expect the share of fossil fuels to decline
from 80% in 2021 to 66% by 2050, with a bulk of the decline occurring

. : . Bi !
post 2030. However, this will not be enough to deliver a global net zero 0il, 30% Coal, 28% '“7’3}?”
by 2050 which requires the fossil fuels share to fall further reaching
40% by 2050. B Coal | Qil Natural Gas
B Bioenergy Hydro B Nuclear
B Solar H Wind B Other

Source: Wood Mackenzie 6
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Implications

Supply chain issues are impacting every sector of the economy and will take time

to resolve

e The Covid-19 pandemic unsettled the logic of just-in-time inventory RE tech nologies LCOE, US$/MWh
management for business and consumers. Supply chain issues continue to
exacerbate the availability of basic goods as well as critical items for industrial $300

production globally. High commaodity prices and rising cost of capital worsen
supply chain risks and add to inflationary pressures. Costs have increased 3-5
times across energy and agriculture commaodities since January 2020. $250

e Much can be done to reduce supply chain disruptions: companies could reshore
production, diversify suppliers or better coordinate with direct suppliers, and $200
expand technology options to meet demand. Another approach is to stock more
inventory. For decades, companies prioritised lowest cost denominators and
focused on just-in-time sourcing. But the approach has revealed its weaknesses $150
because it makes supply chains fragile and prone to risks; especially when
those are stretched across the world with increasing rough weather and $100
tumultuous geopolitics. Moreover, some governments are waking up to the fact
that they are reliant on a single market — China — for manufacturing and raw
materials required for the energy transition. $50

e The current situation is particularly precarious as world recovers from the Covid-
19 pandemic and government balance sheets are stretched, with debt/GDP ratio $-
up by 10-20% in many markets. While there is ample scope to lower cost of new 2015 2020 2025 2030
technologies in the future, debottlenecking supply chain risks and permitting - _
new supply will take time. Governments have a delicate balancing act to — Utility PV ——Onshore Wind
manage near-term energy supply issues vs. long term climate goals. Offshore Wind ——Grid-scale storage

Source: Wood Mackenzie 7
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Capital allocation is uncertain, investors cannot ignore transition risks

e Soaring oil and gas prices present a tremendous opportunity to accelerate Free cash flow vs global renewables
decarbonisation and low carbon strategies. We estimate the sector to generate

US$450 billion surplus cash flow in 2022 alone assuming US$100/bbl Brent. But capex, US$ billion
companies face a capital allocation dilemma. On the one hand, IOCs are under 600 m Renewables, H2, EV charging and CCUS

pressure to return windfall cash to shareholders — and being rewarded by the
. . . ) . . . . Independent
market for doing this. High prices also create more incentive to shift more capital
into the legacy business. 500 m Major
e The energy crisis has also put bankers in a bind. War in Ukraine has provided a mNOC
stark reminder that the world remains dependent on hydrocarbons and that the 400
supply and demand must move in tandem. To ensure this, companies need
access to capital to support new production. 300
e At the same time, a growing number of the world’'s major banks, asset
managers, and insurers are signatories to the Glasgow Financial Alliance for
Net Zero (GFANZ), aligning behind the goals of the Paris Agreement. To access 200
capital, oil and gas companies must meet the ever-tightening criteria adopted by
many of the world’s leading financial institutions. The alliance represents assets 100
of US$130 trillion, held by 450 financial institutions, and growing.
e |f energy majors and mining firms remain cautious on new investment and focus 0
on decarbonization, the supply recovery will continue to lag demand unless 0&G 2022 Global 2022 0&G 2023 Global 2023
governments take active role and set specific targets. We forecast the world Surplus cash new energy Surplus cash new energy
needs US$40 trillion in cumulative capex to meet demand for energy and flow capex flow capex

commodities in the ETO.

Source: Wood Mackenzie 8


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

)

Narrative woodmac.com %,

Implications

I

¢

(

Effective crises management skills and coordinated policies are essential to
dellver global net zero

Delivering a secure, affordable and clean energy

system looks extremely challenging in the current

environment. Russia’s war on Ukraine and the Competition
resultant supply crunch has exposed the for LNG
weaknesses of energy policymaking. Rationing

energy supplies to keep lights on in the affluent

markets of Europe and Japan was unthinkable few

months ago. But it's happening now!

Energy
Trilemma

Coal
restarts

e Restarting mothballed coal plants is akin to Emphasis on
reversing the energy transition. Although recession  renewables
risks would help keep emissions under check for the and hydrogen
near term, we estimate the world is currently on
track to reach 2.5 “C warming; and a rapid reduction
is needed to meet the goals of the Paris Agreement,
and that is a tall order in present circumstances.

Electricity
pricing and
price caps?

e A fresh thinking that brings together energy, nature
and new technologies could tackle the trilemma.
Carbon pricing is the answer because it creates a
level-playing field and helps capital allocation to
climate-friendly technologies such as Hydrogen, Short-term

Energy
CCUS, Geothermal and SMR Nuclear. pain for long-

_ efficiency
e The ball is again in the government’s court; can they term gain? incentives
rise to the challenge?

Source: Wood Mackenzie
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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 without 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 any 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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Europe +44 131 243 4400

Americas +1 713 470 1600

Asia Pacific +65 6518 0800

Email contactus@woodmac.com
Website www.woodmac.com

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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