2 April 2025

Getting to know each other

Where mycareerhas  gqucation

been spent McKinsey

. & Company
The hard s U
Navigating the physical
realities of the energy e

transition

McKinsey Global Instif
February 2025

/
4

Porto
Business NQVA
School UNSW

4 Other professional adventures
sy 0
Sl K RoruKids

Mokisey & Comparyy 2

MGI shapes some of the world’s most important debates
Some (of many) highlights since 2020

Geopolitics and
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The current energy system is high-performing
Today’s energy system is a giant physical entity built and

optimized over centuries
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parked could circle the equator 100x

for oil and gas, enough to go the moon and back —
twice

— Capable of Chemically
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But also has fundamental

flaws
High energy losses High emissions

Two-thirds of all energy is wasted due to the
low efficiency of conversion of fossil fuels

of carbon dioxide emissions are linked to
the production and consumption of energy

M Others (agriculture, forestry, & other land use)

i s sansson, Wk, Aupis 202

The energy transition
is at'a crossroads
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GHG emissions lead to climate events that could have a large impact
on our lives and livelihoods

Based on RCP 8.5

Livability and Food systems Physical Infrastructure Natural capital
workability assets services
)
o | | N7
0.7B-1.2B 4x 4x ~45%
People living in areas with Increased risk of a >15% Capital stock that could be damaged from riverine flooding Of the earth’s land area
a 14% annual probability global grain yield decline by 2050, vs. today projected to experience
of lethal heat waves' in a given year, vs. today biome shift, impacting
ecosystem services, local
livelihoods, and species’
hablat

Source: Vekinsy Gt It Mekinsey & Compary 0

Much of the world is still “under-energized”

Energy use per person vs, GDP per capit

o Mekinsoy & Company 1
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A successful net-zero transition would need to solve
for four objectives

Interactions exist across objectives

Emissions reduction

Reducing net-zero emissions of
greenhouse gases

Affordability

Ensuring that energy, materials, and other
products remain affordable and cost-
competitive with traditional alternatives

Industrial Competitiveness
Ensuring that individual countries, regions,
and companies remain competitive and
benefit from opportunities during

the transition

EIELRY

Ensuring that energy, materials, and other
products are supplied securely during

the transition and that energy systems
are resilient

Moknsey & Company
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Global emissions remain above a 1.5° pathway even

if all countries deliver on their current commitments
Knock-on effects and regional differences could drive significantly higher temperature increases locally

oluton | Continued Momentum | Sustainable Transtormation

Global GHG emissions', GtCO,-eq p.a.

15°C Pathway®
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The work to be done is
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Seven interlinked
physical domains need to
be transformed

Domains:

D Power sector
(") End use sector

C/ Enabler

Directionality of main
~ interdependencies across
domains (not exhaustive)

'y

H, & other
energy
carriers

Raw
materials

Buildings
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How far along are we?

NCKINSEY 2023 ACHIEVED COMMTMENTS SCENARIO
Seven domains need to be transformed

() Power: Low-emissions installed capacity

Domains: () Power sector (1) End use sector () Enabler
By 2050, large deployment is required and we're only at the beginning

35TW .

8-12%
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How far along are we?

MCKINSEY 2023 ACHEEVED COMMTMENTS SCENARIO
Seven domains need to be transformed

@ Power: Low-emissions installed capacity

Domains: () Power sector () End use sector () Enabler

By 2050, large deployment is required and we're only at the beginning

35TW .

8-12%

Mobility: Electric vehicle stock

1BEVs I 3%

Industry: Low-emissions production of large materials

5.58 tonnes p.a.

- 0-10%

How far along are we?

NCKINSEY 2023 ACHIEVED COMMTMENTS SCENARIO
Seven domains need to be transformed

@ Power: Low-emissions installed capacity

Domains: (O Power sector () End use sector () Enabler

By 2050, large deployment is required and we're only at the beginning

35TW .

8-12%

@) wow

: Electric vehicle stock

1BEVs I 3%

*) Industry: Low-emissions production of large materials

5.5B tonnes p.a. - 0-10%

%) Buildings: heat pump stock

1.8B HPs. - 10%
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How far along are we?

MCKINSEY 2023 ACHIEVED COMMTMENTS SCENARIO
Seven domains need to be transformed

Power: Low-emissions installed capacity

Domains: () Power sector () End use sector (1) Enabler

By 2050, large deployment is required and we're only at the beginning

35TW

8-12%

1BEVs

I 3%

(£2) Mobility: Electric vehicle stock

Industry: Low-emissions production of large materials

558 tonnes pa.

- 0-10%

".) Buildings: heat pump stock

1.88 HPs

- 10%

Raw materials: supply of critical minerals

>50M tonnes p.a.

10-35%

How far along are we?

MCKINSEY 2023 ACHIEVED COMMTMENTS SCENARIO Domains: () Power sector () End use sector () Enabler

Seven domains need to be transformed By 2050, large deployment is required and we're only at the beginning

35TW .
I 3%
5.58 tonnes pa. - 0-10%
4 Buldings: heat pump siock 1.88 HPs - 10%

400M tonnes p.a. <1%

Power: Low-emissions installed capacity 8-12%

(1) Moility: Electric vehicle stock 1BEVs

Industry: Low-emissions production of large materials

Raw materials: supply of critical minerals 10-35%

Hydrogen & energy carriers: low-emission H; produced
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Today, less than 10% of 2050 deployment of low-emissions
technologies has been achieved in most domains

NCKINSEY 2023 ACHIEVED COMMTMENTS SCENARIO
Seven domains need to be transformed

# ) Power: Low-emissions installed capacity

Domains: () Power sector () End use sector () Enabler

By 2050, large deployment ls required and we're only at the beginning

35TW

8-12%

() Mobility: Electric vehicle stock

1BEVs

'
e

) Industry: Low-emissions production of large materials

5.58 tonnes p.a.

-| 0-10%

(s Buildings: heat pump stock

There are 25 physical challenges in our way

Domains € Level 1 € Level 2 @ Lovel 3

Power

Industry Buildings

1.8B HPs -I 10% Raw materials Hydrogen and other Carbon and energy
energy carriers reduction

Raw materials: supply of critical minerals >50M tonnes p.a. i 10-35%

Hydrogen & energy carriers: low-emission H, produced  400Mtonnes pa. | | <%

Carbon & energy redustion: point-source CO captured  4,200M tonmes pa. | | <1%
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There are 25 physical challenges in our way
Domains () Level 1 € Level 2 € Level 3
Power Mobility Industry Buildings
20%
— 40% 40%

_/

Raw materials Hydrogen and other

energy carriers

Carbon and energy
reduction

Mekinsey & Compary 23

EVs lead to
substantial carbon
savings vs. ICES

Lifetime emissions of an EV vs.
a comparable ICE after 200k km

80%

EV emissions vs. ICE

EU us

China - today China -

2035 grid

Soure: i arae Mokinsoy & Company 24
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The 25 physical challenges

Power Mobility

Navigating

Domains 3 Level 1 €9 Level 2 @) Level 3

Industry Bui

Raw materials Hydrogen and other

energy carriers

Sourca: Vekiney Gotal I s

Carbon and energy
reduction

Moknsey & Company 25

®

As heating electrifies, peak electricity demand could triple in
some US states

@ Bracing for winter peaks

Projected peak electricity Peak electricity

demand in 100

electrified heat scenario ) electrification
vs. current in the United Region  Current  scenario
States'

we (O @ @

Peak electicity demand in an

electrified scenario vs. current National
peak by state, in ISO?, and at
the national level
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The 25 physical challenges

Mobility

Drving BEVs
beyond

Navigating
el

Industry

Domains () Level 1 €3 Level 2 € Lovel 3

Buildings

12
Furmacing

Raw materials Hydrogen and other

energy carriers

Carbon and energy
reduction
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As solar and wind energy grow, much more power system
flexibility is needed

California's duck curve is getting deeper P
CAISO lowest net load day each spring (March-May, 2015-2023), gigawatts eia
25

20

) 2
12AM 2AM 4AM 6AM B8AM 10AM 12PM 2PM 4PM 6PM 8PM 10PM

Data source: California Independent System Operator ¢ (CAISO)
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®
flexibility is needed

Total flexibility as a share of average demand, %

il =

As solar and wind energy grow, much more power system

X' Total scale-up of leibilly-to-demand ratio 2022-50
@ Dt point for 2022 and for 5-year increments in 2030-50

—
ITALY CHILE INDIA
300% 300% /050 300%
- ~4x
200% 2~ 2050 200% 200% _
“7x 2050
100% | 052 2030 100% 2030 100%
2022 2022
2030
0% 0% 0%
20% 60% 100% 20% 100% 20% 60% 100%

VRE % of total generation
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Most emissions are from low CO, concentration processes,
which are harder — and costlier — to capture
@ capturing carbon

Alarge pomon of
and CCUS

arises from p with lower CO,
more costly at lower concentrations

€O, concentration', % Capture costs, $/tonne-CO,
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40—60% of energy system emissions are associated with

Level 3 challenges

Energy system CO, emissions
associated with Level 3
challenges', GtCO,, 2022, %

Level 3

Level 3 challenges?

40-60%

Share of emissions

Non-Level 32
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Examples

G Managing renewables variability
o Loading up electric trucks

Q Harnessing hydrogen

9 Capturing point-source carbon

3 Mokinsey & Company 31

How can near-term
opportunities from
the deployment of
fast-maturing
technologies be
captured?

Level1 ——

The exact path forward is uncertain, but tackling these
challenges would take individual and system-wide action

Level 2

What bottlenecks
need to be addressed
today to unlock the
next tranche of
opportunities?

Level 3

Where and how
can these hardest
challenges be
addressed?

Mekinsey & Compary 32
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But the opportunities
are large

32

The energy transition requires a tremendous reallocation of capital
Annual investment expected to reach Net Zero

$9.2tn

Total global annual
spending in the net-
zero scenario

New spending on low-
emissions assets and
enabling infrastructure

Spending today on
physical assets

B Newspendng [l Currentspending
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Large value pools exist across markets
Investable themes — addressable market size in 2025 ($B)

$900-51,0008 | $650-5950B | $500-5900B | $400-$600B | $400-S500B | $200-$5008

Decarborizaon | Lowcatbon | Cirier proicts agroses and ity
fpower mobilty &packaging | food supply chain | buiding Hydrogen

$90-100B | $40-S100B | $10-845B | $10-525B

tial

Indiust Garbon Markes,
Bioerergy | decarborization cous

offsets, inancing
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And in many cases, decarbonizing and saving costs go hand-in-hand
The marginal abatement cost curve (MACC)

Mekinsey & Compary 36
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And in many cases, decarbonizing and saving costs go hand-in-hand
The marginal abatement cost curve (MACC)

€O, emissions abatement cost curve for one site, in EUR / tCO,e"

a0y Example : 60% CO, abatement
T marginal abatement costs of less then 40 EUR/fton CO,
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Remaining
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100

150 | Energy efficiency Call to innovate (mainly on
Classicalsnergy sfficiency & novel issions and furnaces)

<200 | techmologies, aeady NPV positive Innovation reqired to make NPV
today more posiive

Utility switch
Change ectricity and steam source

[ incremertal Improvemets [l Pocess redssign Il Greener Steam-Utiies [l Eletrical boiler-Utities [[] Remaining CO2
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W ccurces

1 WAGD of 0%, rfct Hosmn of 10 yeas:Usd ulkty prces: sty ricachain beoon 1 ysrs 021 10 2090 betoon 5 3 65 ELRANI, and sam bowsen 22.nd 30 EURMI
2 inc o Grhoune guse, 209 basine

p—— Mekinsey & Compary 37

37

You can’t stay still -
global competition is
being reshapéd

2 April 2025

The world of energy — importers

Mekinsey & Compary 39

The world of energy — exporters

Glabaltrads firws for energy resources
. wscurces moved in 2023 in the tog 40 tiade
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Deep-dive: China has been highly dependent on energy imports

Dsta itars

China (Mainland)'s trads with ts top § trading partners

Mekinsey & Compary 41

And has invested to lead the way in clean technologies

Figure 1.1 Installed capacity by yiregion, 2023
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The ‘classic’ incumbents

Case study: The reshaping of the
auto industry Top OEMs

Sales 2018 (mn units)

8
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A whole new world — what happened? China leads the way in adoption

BBEV GPHEV. oSaesshars igh)
Leading global BEV models, BEV market share", Electric car registrations and sales share in selected countries and regions, 2015-2023
k units sold

15 50%

B vror o |

BYD Dolphin Hb 205 28%
BYD Yuan Plus 202 28%

Milon

40%

Bl 50 Hen 145 oo 10%
Bl 50 ainPuus 120 16% . . vl o%
Bl oy 120 o = : e e
e
Bl Ao sis Pus 16 6%
ot s> [T "0 14 More than half of new cars sold in
I ien China are now electric or hybrid sy
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Global passenger cars exports from China have exploded F1 . . eps .
3 prOtS m competltlon m
Trade value, US$ billions Electl'ic cars
250
Exports
o From ‘engine’ to battery
200
150
100 e From hardware to software
Imports
50
e From indirect to direct distribution
So17 18 19 20 21 22 2023

47
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China leads battery production "]

BN chira [ Euope [ Unitod States [l Japan [ Korea [N DRC [l Autaia [l Chie [ indonesia

EVs
.

EVs
e e 0 careysor e srotcion s

e ol 1o based o bty <ol prodieion cec
o g i i o

of the global EV battery supply chain, 2023.

Material Processing

Cell Components Battery Cells

L Ni  Co  Gr Cathode  Anode Batteries

N ik GO = coha G = raphe DRC » Dol bl of o Cong. Georah
ot Ca coonent prcocion & bace on conode a0 e cion

s bt on procucion . Nl processg i b an
v oot on s o rocton do. e b
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At the heart of this shift — large cost advantage...

B BYD Seal Volkswagen ID.3
madeinChing mada in Gerrmany

axTTERY
BOOY, CHASSIS AND WHEELS.
ELEcTRONICS.

OTHER COMPONENTS
wiERoR T

OISTRIBUTION, OTHER SERVICES

FACTORY

ﬂEE!EEEE

waBon
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...But often also benefit advantage!

China continues to make up >50% of all EV investment

Smart Cockpit

HMI
Entertainment & Media.
In-car functions

Phone+

AE oA
Total of 28 subfunctions
(e.9. voice control, mul screen)

ADAS/AD
Basic ADAS (mainly L1)

Navigation on Piot

Advanced Parking

HMI during ADASIAD

Total of 21 subfunctions
(e.9. piot wih lane centering control )

D Oxeengrs

| g @ uawoLs

B gm OnoETs
G @ Tosta Model Y

e O zeck oot

g © renix

- @ chang'an SL03
&8 ©®wscroz
& O nssnaia

B chinese OEMS

score

Total

5215 (80%)

Smart Cockpit  ADAS/AD

2,147 (56%)
1,020 (28%)
1013 27%)

8,80 (24%)

2,882 (44%) 1,655 (59%) 1,227 (33%)

Meknsey & Company

Global investment in EV batteries, Billion USD

Other Ml Urited states Il Ewope I China

150

2018 19 20 21 2 2023
Moknsey & Compary
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Putting it all together — how to
navigate the energy transition ?

Innovation with
a capital “I”

Relentless
execution

Collaboration across sectors

52



