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Two views on energy dominate the conversation.

The dominant energy views in the energy debate today

The incumbent energy view, centredon  The climate view, centred on emissions,

fossil fuels, slow change and business-  policy targets and the moral obligation
as-usual to fix climate change

EIA — Primary energy supply IPCC — Pathways to net zero emissions

1,000 Quadrillion British thermal units 50 GtCO, emissions peryear
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Two views on energy dominate the conversation. We propose a third

The dominant energy views in the energy debate today

The incumbent energy view, centredon  The climate view, centred on emissions,

fossil fuels, slow change and business-  policy targets and the moral obligation
as-usual to fix climate change

EIA — Primary energy supply IPCC — Pathways to net zero emissions

1,000 Quadrillion British thermal units 50 GtCO, emissions peryear
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A third way: the electrotech view

The new electrotech view, centred on
growth and innovation

Rystad — Global useful energy demand

500 EJ of useful energy

Solar and wind,

250 powering
electrified

energy services

Fossil fuels powering Other
fossil tech energy
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This is a technology revolution in energy
Electrotech is technology that revolutionises the supply, connection and demand of electricity

Supply
New ways to generate
electricity

Renewables as vectors of change

Solar PV Wind
deployment (GW) deployment (GW)

2010 2020 2010 2020
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Connections
New ways to transport
and store electricity

Flextech/gridtech as vectors of change

HVDC lines

Battery storage
deployment (km)

deployment

2010 2020 2010 2020

Demand
New ways to use
electricity

Electrification as vector of change

EV Heat pumps
sales sales
2010 2020 2010 2020
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It's been a long time coming

A century of evolution is converging into a decade of revolution

1976 — Lithium-ion battery

Battery concept proposed

1921 - Introduction of
Electric motors Universal Motors

1900 1975

1971 — first chips made
commercially available

Chips
1954 - Bell Lalos Develops

First Silicon Solar Cell
Solar energy

1979 — first modern
wind turbine

Wind energy

Heat pumps

1938 — First functional residential
heat pump installed

5 Source: Ember

1983 — Brushless DC
motors commercialized,

ILLUSTRATIVE
1991 — Sony commercializes
the first Li-ion battery
()
ELECTROTECH
CONVERGENCE
)
2020s

2006 — First smart meters with
embedded chips deployed
at scale

1991 — first offshore
wind farm

2008 - Breakthrough in cold-
climate heat pump tech
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Electrotech is the child of digital tech .
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Drones/ electric
aircroft
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Electrotech is made of \ ="
the same components E EEER

Electric
motor/
enerator

as digital tech, and
inherits its momentum

Solar farm

Satellite
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The manufacturing capacity is in place
Outpacing projected demand of even net zero scenarios

Solar PV manufacturing capacity Battery manufacturing capacity

1600 GW Planned capacity 16 TWh Planned
capacity
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800 L 8
IEA Net Zefo
400 4
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7 ‘ Sources: IEA; Emiber analysis. The IEA net zero outlook is chosen as an illustration that capacity is above even this level. E M B p— R



The ceiling is high and rising

Over 75% Of the glObGl energy System can Now be eleCtriﬁed . Already (largely) electrified Can be electrified technically

Can be electrified economically Still under development

Share of final energy demand by subsector and electrification potential (%)

2000 >>> 2025
Other Cement Planes Cement Planes
Chemicals Ships Chemicals )
Ships
Steel Trucks Steel
Heating Heating Trucks
High temp. heat High temp. heat
E : Other transport J P
Other equipment Other equipment
Cooling Low temp. heat Cooling Low temp. heat
Cars*
Electric equipment Electric equipment
Electric equipment Electric equipment
Buses
mz/S wheelers ~>=2/3 wheelers
Buildings Industry Transport Buildings Industry Transport

Sources: lIASA; IEA; BNEF, Emiber analysis « Note: excluding feedstock *Technologies available for subset of total end-use with a clear
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Three fundamental drivers of change

Physics Economics Geopolitics
Electrotech is more efficient Electrotech as a technology Electrotech is a key tool of
than alternatives has learning curves and energy security

growth curves
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Electrotech is 3x more efficient
It offers a leap in energy efficiency across the economy

Supply Demand

Electricity generation Transport Heating
Fossil thermal

Internal Gas boiler
combustion
‘Cf)j Losses engine
g @ Fuel
Electricity Propulsion

Losses

30-40% efficiency 25-407% efficiency 85% efficiency
Wind & solar Electric Heat pumps
Renewable Electricity vehicles Renewable
. i _ _ =k
%3-29: electricity @ electricity @5 Ambioent heat
% 100% efficiency 6“5‘ 80-90% efficiency

Renewable
electricity
300-400% efficiency

2-3X 2-4X 3-4x

as efficient as efficient as efficient

|
10 ‘ Sources: IEA, IIASA, Visual adapted from Prof. Tomas K&berger and RMI « Note: heating refers only to low temperature heating E M B: R



Three fundamental drivers of change

n

Economics

Electrotech as a technology
has learning curves and
growth curves
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Learning beats digging

Electrotech gets cheaper with scale, whereas fossil fuels get more expensive

Solar panel price cost versus amount manufactured

1000 $/W
1976

As demand rises, new, more

\ /
_ _ efficient factories are added,
/. lowering overall production

= cost through learning and
economies of scale 2024 -
0.]
100 kW 10 MW 1GW 100 GW 10 TW
Cumulative solar PV capacity manufactured
12 Sources: Rystad; BNEF, Ember analysis

Oil price versus amount extracted

1,000 $/barrel

[
‘:\ 5 2024
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900 ey & y
’.“. ’.“N o
e ©
°
As demand rises, new, more
, expensive oil fields need to be
A~ developed, leading to rising prices,
& only partly offset by better
extraction techniques
O.] 1.0 10.0 100.0 1000.0 10k

Cumulative crude oll extracted, billion barrels
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Three fundamental drivers of change

Geopolitics
Electrotech is a key tool of
energy security
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Fossil import dependency is widespread

Over 50 countries import more than half their primary energy as fossil fuels

Fossil net imports as a share of primary energy demand 2022, %
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Sources: IEA WEB, Ember analysis. Map boundaries are from Microsoft Bing and do not imply any judgment on legal status or sovereignty
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Electrotech offers a path to permanent energy security
When fossil flows stop, the economy stops. When electrotech flows stop, only growth is at risk

From fossil import dependency...

In an economy running on fossil imports, when
imports stop, all activity stops

b, ) —

Running the
economy with
existing tech

5] (H
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() (51 (B (B ()
l

Economic activity

B At immediate risks without imports

15 ‘ Sources:; Embers Note: bar sizes are illustrative

..to electrotech import dependency...

In an economy running on imported electrotech,

when imports stop, only growth is inhibited.

am () —

Running the
economy with
—O—> existing tech

—O—> Retlrlng old tech [ .

Economic activity

. Not at immediate risk

..to full circular energy independence.

In an economy running on local circular
electrotech, trade shocks have little impact

‘ Deploying new tech

Running the
economy with
—O—> existing tech

35— I — /%

Eoonomlc activity
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China is the first major electrostate
And that sparks a geopolitical race

Inventing Producing

Patents Manufacturing Exporting
Annual cleantech patents Battery manufacturing Cars
300,000 3 TWh 6 million

Japan
Germany
0 4__4
2000 2010 2022 2010 2020 2016 2020

16 Sources: Ember, [EA WEB, IRENA, BNEF, NYT.
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Emerging markets are leapfrogging
Two thirds are ahead of the US in solar deployment and a quarter in electrification

Share of EM
ahead of US in
solar uptake

Example countries

25 % of generation

Share of EM
ahead of US
electrification

Example countries

35 % of energy demand

from electricity

- Vietnam
Chile 30 Malaysia
20 ’ /Loo
75 ‘/Bonglqdesh
Chile
5 "‘w N Mexico
20 \Ph'lipp'nes
Paraguay
10 [ /Vietnam =
Brazil
éSouth Africa 10
Mexico
o - \InoliO
» L
US
0 — 0
2023 2010 2023 2023 1990 2023

Sources: IEA; Ember analysis — Emerging markets (EM) defined as Latin America, Africa, South Asia and Southeast Asia and do not
17 include the petroregions. Share of emerging markets is a share of electricity demand () and energy demand (r).
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This is the decisive decade
A century in the making, electrotech will define this decade

Manufacturing capacity is S-curves hit their steepest Electrotech get too cheap to Fossil fuel demand enters
built: Batteries parts: Solar resist: Batteries terminal decline
Projection Projection Extrapolation ' Extrapolation
15 TWh > 1500 GW > 200 $/kwh > 20 TWh, fossil >
additions generation

150 \\//\\ //’——__——__
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10 1000 \

Fast
100 — 10
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0 0 0
2020 2030 2020 2030 2020 2030 2020 2030

|
18 Sources: BNEF, RM|, Ember Futures extrapolation for fossil fuel demand, assuming 3% growth in electricity demand and 15-20% growth in solar and wind supply E M B — R



The automotive sector is a warning sign for other industries
In four years, China went from small to dominant

Car exports: China is taking over, enabled by EVs Role of automotive in selected economies
6 millions % of labour force
China % of GDP from working in automotive
automotive sector, 2023 ecosystem, 2023
Japan 10 8
4 Japan
4
Germany German 5 6
South Korea Y
2
Kored 14 12
— United States ]
Unite
0 States 0 S
2016 2018 2020 2022 2024

[ |
19 Sources: Alix Partners, NYT, OICA, Wikipedia « Note: 2024 values are estimated. E M B - R



Focus on the fundamentals
Three key questions to gauge new energy technology in times of peak confusion

Does it make the s it small and Does it enhance the
energy system modular, so it can be independence and
more efficient? manufactured at security of its user?

scale and benefit from
learning curves?
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The electrification imperative
Many countries are building renewables; few an electrostate

Direction of travel in the two races of the energy transition

Wind & solar
generation share
increase since
2010,

%=t

21 Sources: [EA WEB; Ember; Ember analysis « Note: Shown values cut off at 0-25% for wind & solar and 0-15% for electrification rates
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The time is now

For the first time in

After a century of Change is driven by the
evolution, electrotech is fundamental forces of
now coming together in a  of physics, economics
decade of revolution, and geopolitics, not just
surging globally, replacing climate action
fossil fuels, and powering
emerging economies

history, we can harness
the exceptional power
of the sun through
electrotech

22

013

This is the decisive
decade. Surf the
electrotech wave or be
dragged under

This revolution will come
faster and go further
than most think,
stranding more than
just energy assets, and
reshaping global
leadership

EMB=R



About Ember

Ember is an independent energy think tank that aims to accelerate the clean energy transition with data and policy. Its vision
is a world with a safe climate, powered by a clean, electrified energy system for all.

About Ember Futures

This report is the first annual pitch deck from Ember Futures, a new research initiative established to help leaders navigate the rapid
rise of electrotech and the decline of fossil fuels, and what this transition means for energy, financial markets, and geopolitics.
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