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Getting to know each other 

 New York Climate Week

 MIT-J WAFS, Chatham house, Spanish Govt

 Mexico City, 

 Mexican Chemical Industry Association 

 Where my career has 
been spent 

 Education

 Academia 

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

 The future of the global 
economy  Net-zero transition  Artificial intelligence 

 Geopolitics and  
geoeconomics  
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Today’s energy system is 
a giant physical entity, 
optimized over centuries
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Today’s energy system is a giant physical entity built and 
optimized over centuries

 >2M km of pipelines
 for oil and gas, enough to go the moon and back –
twice

 >1 billion ICEs
 parked could circle the equator 100x

 60,000 
power plants
 from diesel generators in Antarctica 
to geothermal stations in Iceland 

 7 billion tons of 
industrial materials 
 with some steel mills as big as 
3,000 football fields 

 5th century 
 First blast furnaces

 1865
 First oil pipelines

 1882
 First coal power plant 

 Source: McKinsey Global Institute analysis; 
The hard stuff: Navigating the physical realities of the energy transition, McKinsey, August 2024. McKinsey & Company 6

The current energy system is high-performing

Thousands
of materials are 
currently derived 
from fossil fuels

Chemically 
flexible

 Long-range
flights are over

5,000 km

 Energy dense

 One tanker of 
natural gas can 
power more 

than 40k  
US homes 

 Transportable

 A gas power 
plant can go 
from 0-100% of 
total generation 
capacity in 

 10 mins

Dispatchable
Capable of 
high heat

 Coal can burn 
up to almost 

2,000°C

1 2

3 4

5 6
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But also has fundamental 
flaws

 High energy losses

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

 High emissions

 85% of carbon dioxide emissions are linked to 
the production and consumption of energy

Total CO2 

emissions

 Energy system (energy combustion & industrial processes)

Others (agriculture, forestry, & other land use)

2/3

 Wasted 
energy

 Useful 
energy 
out

1/3

 Source: McKinsey Global Institute analysis; 
The hard stuff: Navigating the physical realities of the energy transition, McKinsey, August 2024.
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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 

Livability and 
workability

Physical 
assets

Food systems Infrastructure 
services

Natural capital

 0.7B-1.2B

 People living in areas with 
a 14% annual probability 
of lethal heat waves1

 4x

 Capital stock that could be damaged from riverine flooding 
by 2050, vs. today

 4x

 Increased risk of a >15% 
global grain yield decline
in a given year, vs. today

 ~45%

 Of the earth’s land area 
projected to experience 
biome shift, impacting 
ecosystem services, local 
livelihoods, and species’ 
habitat

 Source: McKinsey Global Institute

Based on RCP 8.5

1. Defined based on experiencing a wet-bulb temperature of 35 degrees at which healthy, well-hydrated human beings resting in the shade would see body core temperatures rise to lethal levels after roughly five hours 
of exposure. Numbers are subject to uncertainty about aerosol levels and urban heat island effect.
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Much of the world is still “under-energized”
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 Industrial Competitiveness
 Ensuring that individual countries, regions, 

and companies remain competitive and 
benefit from opportunities during 

the transition

 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

 Reliability
 Ensuring that energy, materials, and other 
products are supplied securely during 
the transition and that energy systems 
are resilient

 Interactions exist across objectives

A successful net-zero transition would need to solve 
for four objectives 

 Source: McKinsey Global Institute 11McKinsey & Company McKinsey & Company 12

Global emissions remain above a 1.5º pathway even 
if all countries deliver on their current commitments
 Knock-on effects and regional differences could drive significantly higher temperature increases locally

 McKinsey Global Energy Perspective 2024

 2000  2010  2020  2030  2040  2050
 0
 5

 10

 15

 20

 25

 30

 35

 40

 45

 50

 55

 1990

 60  54
 51

 46

 30

 46

 35

 18

 8

 53

 Global GHG emissions1, GtCO2-eq p.a. 

1. Includes process emissions from cement production, chemical production and refining, and negative emissions from applying CCUS
2. Warming estimate is an indication of global rise in temperature by 2100 versus pre-industrial levels, based on MAGICCv7.5.3 as used in IPCC AR6 given the respective energy and non-energy 

(e.g., agriculture, deforestation) emission levels and assuming continuation of trends after 2050 but no net-negative emissions
3. The remaining emissions in 2050 (i.e., ~4Gt) are compensated by negative emissions from DACCS, BECCS, and Reforestation 

 Source: IEA World Energy Balances; IEA Global Energy Review 2022; McKinsey Energy Solutions' Global Energy Perspective 2024

 Slow Evolution  Continued Momentum  Sustainable Transformation  1.5°C Pathway3
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Can the energy transition create value? 

The work to be done is 
hard 
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Seven interlinked 
physical domains need to 
be transformed

 Domains:

 Power sector
 Power

 Directionality of main 
interdependencies across 
domains (not exhaustive)

 End use sector

 Mobility

 Industry Buildings

 Enabler

 H2 & other
 energy
 carriers 

 Carbon 
& energy 
reduction

 Raw 
materials
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How far along are we?

 Domains:  Power sector  End use sector  Enabler

 Hydrogen & energy carriers: low-emission H2 produced

 Carbon & energy reduction: point-source CO2 captured

 MCKINSEY 2023 ACHIEVED COMMITMENTS SCENARIO

Seven domains need to be transformed

 Mobility: BEV & FCEV stock

 Industry: low-emissions production of steel & cement

 Buildings: heat pump stock

 Power: Low-emissions installed capacity

 Raw materials: supply of critical minerals

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

35 TW

1B EVs

5.5B tonnes p.a.

1.8B HPs

>50M tonnes p.a.

400M tonnes p.a.

4,200M tonnes p.a.

 8-12%

 3%

 0-10%

 10%

 10-35%

 <1%

 <1%

 20  40  60  80  100 0

 Source: McKinsey Global Institute analysis; The hard stuff: Navigating the physical realities of the energy transition, McKinsey, August 2024.
McKinsey MineSpans; Global energy perspective 2023, McKinsey; Energy Institute; International Energy Agency.
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Today, less than 10% of 2050 deployment of low-emissions 
technologies has been achieved in most domains

 Domains:  Power sector  End use sector  Enabler

 Hydrogen & energy carriers: low-emission H2 produced

 Carbon & energy reduction: point-source CO2 captured
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There are 25 physical challenges in our way 
Level 2Level 1 Level 3X X XDomains

 Power

 Hydrogen and other 
energy carriers

 Carbon and energy 
reduction

Source: McKinsey Global Institute analysis

 Mobility1
Managing 

renewables 
variability

2
Scaling 

emerging 
power 

systems

3
Flexing 
power 

demand4
Securing 
land for 

renewables

5
Connecting 
through grid 
expansion

6
Navigating 

nuclear other 
clean firm 

energy

7
Driving BEVs 

beyond 
breakeven 8

Going the 
distance on 
BEV range

9
Loading up 

electric 
trucks10

Charging up 
EVs

11
Refueling 

aviation and 
shipping

12
Furnacing 

low-
emissions 

steel 13
Cementing 
change for 
construction

14
Cracking the 
challenge of 

plastics15
Synthesizing 

low-
emissions 
ammonia

16
Heating other 

industries

 Industry

17
Facing the 

cold with heat 
pumps 18

Bracing for 
winter 
peaks

 Raw materials
19

Unearthing 
critical 

minerals

20
Harnessing 
hydrogen 21

Scaling 
hydrogen’s 

infra-
structure

22
Managing 
biofuels 
footprint

23
Expanding 

energy 
efficiency 24

Capturing 
point-source 

carbon

25
Capturing 

atmospheric 
carbon

 Buildings
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There are 25 physical challenges in our way 
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EVs lead to 
substantial carbon 
savings vs. ICES
Lifetime emissions of an EV vs. 
a comparable ICE after 200k km

 Source: MGI analysis 

40%

60%

80%

60%

60%

40%

20%

40%

 Savings vs. ICE

 EV emissions vs. ICE

 EU  US  China - today  China -
2035 grid

19 20

21 22

23 24
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 Hydrogen and other 
energy carriers

 Carbon and energy 
reduction

Source: McKinsey Global Institute analysis
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As heating electrifies, peak electricity demand could triple in 
some US states

 1.0x  4.0x

 Peak electricity demand in an 
electrified scenario vs. current 
peak by state, in ISO2, and at 
the national level

 Source: Waite and Modi (2020); McKinsey Global Institute analysis

 1.Based on analysis by Waite and Modi (2020) comparing current electricity demand to a scenario with 100% electrification of current building heat demand in the United States. Assumes top-performing heat pump (90th percentile) is used. This 
analysis does not consider the potential growth of energy demand and electrification in other domains, such as mobility and industry, and does not consider the effects of future increase in heat demand in buildings. Peak loads refer to  
noncoincidental loads unless otherwise noted. Alaska and Hawaii not included in analysis. 2. In the United States, independent system operators (ISOs) are split into different regions, such as ISO-NE and ERCOT. 3. ISO-New England (NE) 
serves Connecticut, Maine, Massachusetts, New Hampshire, Rhode Island, and Vermont. 4. Electric Reliability Council of Texas (ERCOT) serves most, but not all, of Texas.

 Projected peak electricity 
demand in 100% 
electrified heat scenario 
vs. current in the United 
States1
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 Level 2 challenge

NY

Bracing for winter peaks18

 Peak electricity

 Region  Current

 100% 
electrification 
scenario

 National 
total

1x ERCOT4

1.7x

 ISO-NE3
3.2x
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 Power

 Hydrogen and other 
energy carriers

 Carbon and energy 
reduction

Source: McKinsey Global Institute analysis
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As solar and wind energy grow, much more power system 
flexibility is needed

 Level 3 challenge

McKinsey & Company 29

Total flexibility as a share of average demand, %

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

 Level 3 challenge

 20%  60%  100%
 0%

 100%

 200%

 300%

 2022
 2030

 2050~2x

 CHILE  INDIA ITALY

 20%  60%  100%
 0%

 100%

 200%

 300%

 2022

 2030

 2050

x  Total scale-up of flexibility-to-demand ratio 2022–50

 Data point for 2022 and for 5-year increments in 2030–50

VRE % of total generation

 20%  60%  100%
 0%

 100%

 200%

 300%

 2022
 2030

 2050~7x

~4x
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Most emissions are from low CO2 concentration processes, 
which are harder – and costlier – to capture

 0
 10

 20

 30

 40

 50

 60

 70

 80

 90

 100

 A large portion of emissions arises from processes with lower CO2

concentrations and CCUS becomes more costly at lower concentrations

 CO2 concentration1, %

 Source: US Environmental Protection Agency; Global CCS Institute; National Petroleum Council; Santos et al. (2021); Lagnholtz et al. (2020): National Energy Technology Laboratory; US Energy 
Information Administration; McKinsey Global Institute analysis

1. CO2 concentration refers to the degree of concentration of CO2 in the flue gas

 Share of US emissions, %<5 <10 ~35

Capturing carbon24

 Capture costs, $/tonne-CO2

 Level 3 challenge
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 80
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40–60% of energy system emissions are associated with 
Level 3 challenges

Non-Level 32

Energy system CO2 emissions 
associated with Level 3 
challenges1, GtCO2, 2022, %

 Level 3 challenges2

 40-60%
 Share of emissions

Examples

1  Managing renewables variability

20  Harnessing hydrogen

24  Capturing point-source carbon

Level 3

9  Loading up electric trucks

1. Share of CO2 emissions reductions related to the energy system only (i.e., excludes agriculture, forestry, and other land use).
2. The remaining emissions are classified as non-Level 3 (e.g., power has some non-Level 3 emissions)

 Source: McKinsey Global Institute analysis; The hard stuff: Navigating the physical realities of the energy transition, McKinsey, August 2024; 
McKinsey Platform for Climate Technologies; Global energy perspective 2023, McKinsey; McKinsey 2023 Achieved Commitments scenario. McKinsey & Company 32

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

Level 3

Where and how 
can these hardest 
challenges be 
addressed?

Level 2

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

Level 1

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

McKinsey & Company 33

But the opportunities 
are large

McKinsey & Company 34

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

 $3.5tn

 $5.7tn

New spending Current spending

 Source: The net-zero transition: What it would cost, what it could bring. McKinsey Global Institute, 2022. Based on the NGFS Net Zero 2050 scenario, a hypothetical scenario and not a projection 34McKinsey & Company
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Large value pools exist across markets  
 Investable themes – addressable market size in 2025 ($B)

 $10-$25B $10-$45B $500-$900B $650-$950B $900-$1,000B

 Carbon Markets, 
offsets, financing CCUS

 Circular products 
& packaging

 Low carbon 
mobility

 Decarbonization 
of power

 $400-$600B

 Low carbon 
agriculture and 

food supply chain

 $40-$100B

 Industrial 
decarbonization

 $400-$500B

 High efficiency 
buildings

 $90-100B

 Bioenergy 

 $200-$500B

 Hydrogen

McKinsey & Company 36

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

31 32

33 34

35 36
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And in many cases, decarbonizing and saving costs go hand-in-hand
 The marginal abatement cost curve (MACC)

 Source: McKinsey

1. WACC of 10%, project lifetime of 10 years; Used utility prices: electricity price changing between the years 2021 to 2030 between 55 and 66 EUR/MWh, and steam between 22 and 30 EUR/MWh
2. Incl. all Greenhouse gases, 2019 baseline

-200

 -150

-100

 -50

0

 150

 250

400

 50

100

kt CO2e2

Example materials company: 60% CO2 abatement with maximum 
marginal abatement costs of less then 40 EUR/ton CO2

CO2 emissions abatement cost curve for one site, in EUR / tCO2e1

 Incremental Improvements

 Novel technologies

 Process redesign

 Radical Process Changes

 Greener Steam-Utilities

 Green Electricity-Utilities

 Electrical boiler-Utilities

 CCU/CCS

 Remaining CO2

 Remaining 
CO2, too 
diluted for 
CCU/S

Utility switch
 Change electricity and steam source

 Call to innovate (mainly on 
process emissions and furnaces)
Innovation required to make NPV 
more positive

Energy efficiency
 Classical energy efficiency & novel 
technologies, already NPV positive 
today
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You can’t stay still -
global competition is 
being reshaped 

McKinsey & Company 39

The world of energy – importers 

McKinsey & Company 40

The world of energy – exporters 
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Deep-dive: China has been highly dependent on energy imports

McKinsey & Company 42

And has invested to lead the way in clean technologies 

37 38

39 40

41 42
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 Case study: The reshaping of the 
auto industry

McKinsey & Company 44

The ‘classic’ incumbents 

8

6
6

5 5 4 4

3

2 2

 Top OEMs

 Sales 2018 (mn units)

 Source: Statista data

McKinsey & Company 45 Source: EV-volumes

 Tesla Model Y

 Tesla Model 3

 Wuling HG Mini

 BYD Dolphin Hb

 BYD Yuan Plus

 BYD Han

 BYD Qin Plus

 Aion Y

 Aion S/S Plus

 Hyundai Ioniq 5

 771

 476

 424

 205

 202

 145

 120

 120

 116

 100

 Leading global BEV models,
k units sold 

 BEV market share1, 
2022 

 10.6%

 6.5%

 5.8%

 2.8%

 2.8%

 2.0%

 1.6%

 1.6%

 1.6%

 1.4%

1. Share of manufacturer’s BEV (or PHEV) sales as percentage of total passenger car BEV (or PHEV) market

A whole new world – what happened?

McKinsey & Company 46

China leads the way in adoption 

 Source: IEA

McKinsey & Company 47

Global passenger cars exports from China have exploded

 2017  18  19  20  21  22  2023
 0

 50

 100

 150

 200

 250
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3 pivots in competition in 
Electric cars 

 From ‘engine’ to battery1

 From hardware to software 2

 From indirect to direct distribution3

48McKinsey & Company
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China leads battery production 

Note: Li = lithium; Ni = nickel; CO = cobalt; Gr = graphite; DRC = Democratic Republic of the Congo. Geographical breakdown refers to the country where the production occurs. Mining is based on production data. Material processing is based on 
refining production data. Cell component production is based on cathode and anode material production capacity data. Battery cells are based on battery cell production capacity data. EVs is based on electric cars production data. For all 
minerals mining and refining shows total production not only that used in Evs. Graphite refining refers to spherical graphite production only.

 Source: IEA analysis based on EV volumes; Benchmark Mineral Intelligence; Bloomberg NEF.
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 Geographical distribution of the global EV battery supply chain, 2023.
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At the heart of this shift – large cost advantage…
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…But often also benefit advantage!

 Zeekr 001

 Hiphi X

 Chang’an SL03

 VW ID.6 CROZZ

 Nissan Ariya

 XPeng P5

 LI Auto L9

 NIO ET5

2,248 (80%) 3,261 (50%) 1,013 (27%) 

2,340 (84%)  3,360 (52%) 1,020 (28%) 

2,188 (78%) 8,80 (24%) 3,068 (47%) 

1,557 (56%) 2,984 (46%) 1,427 (39%) 

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

2,042 (73%)  3,173 (86%) 5,215 (80%) 

2,253 (80%) 2,707 (73%) 4,960 (76%)

2,410 (86%) 1,520 (41%) 3,930 (60%) 

1,509 (54%) 2,147 (58%) 3,656 (56%)  Tesla Model Y

 Smart Cockpit Total  ADAS/AD

 Benchmark score Smart Cockpit

 Chinese OEMs

1

2

3

4

5

6

7

8

9

 ADAS/AD

 HMI

 Entertainment & Media

 In-car functions

 Phone+

 OTA

 Basic ADAS (mainly L1）

 Navigation on Pilot 
(L2 and above)

 Advanced Parking

 HMI during ADAS/AD

 Total of 28 subfunctions
(e.g., voice control, multi screen) 

 Total of 21 subfunctions
(e.g., pilot with lane centering control ) 
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China continues to make up >50% of all EV investment
 Global investment in EV batteries, Billion USD
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Putting it all together – how to 
navigate the energy transition ?

 Relentless 
execution

 Innovation with 
a capital “I”

 Collaboration across sectors
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