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Executive Summary

The race of the 21st century is the race to master the electron

The world runs on two foundations:
energy and information. Energy does
work; information directs it. The digital
revolution shifted information onto
electrons; the electrotech revolution is
shifting energy onto electrons as well.

The electrification of information. Over
99% of the world's storage and
communication is already digital, and

so runs on electrons. Now, with Al,

thinking itself is moving onto electrons

too.

The electrification of energy. Electricity
already overtook oil as the largest

source of useful energy in 2007. Since
then, renewables have made electrons
cheap, digitalisation and Al have

made them smart, and batteries have
made them mobile. The combination

is speeding up electrification.

The two revolutions have far more in
common than conventional wisdom
holds. They share a history, a physics,
a supply chain, a geography and the
same scaling laws. They have even
been built by the same people, from
Robin Zeng to Greg Jackson.

One shared tech stack makes two revolutions turn the same
flywheel. Five components b chips, batteries, power electronics,
motors and sensors b sit inside the machines of both revolutions,
so each purchase of one makes the others cheaper. The
smartphone made the battery cheap enough for the car; the car
made it cheap enough for the grid. Since 1990, their combined

cost has fallen by 99%.

Each revolution now needs the other. Al's limits are increasingly
electrical. It needs power and grid connections, fast. And physical

Al needs economy - wide electrification, since it demands far
greater precision and responsiveness than fossil fuels can offer.
Likewise, electrotech's limits are increasingly in coordination:
smoothing a variable, distributed supply, flexing an idle demand,

and optimising an underutilised grid b a challenge infotech helps
address.

Together, they can collapse costs. Move a household onto
electrotech, then optimise its usage, and running costs fall by up
to 80%. Electrify motion and automate driving, and freight and taxi
costs fall by up to 70%. Combine electrification with advanced
automation, and manufacturing costs fall by 40 - 70%.

Few countries fuse the two revolutions together. Most are
pursuing one revolution alone, or both apart. The US leads in Al but
lags in electrotech; Europe leads in renewables but lags in
electrification and has little Al. The standout exception is China:
since 2010 it has more than doubled its electricity supply, taken EVs
from zero to over 60% of new car sales, and built the world's

largest robot fleet and the second - largest Al data centre fleet.

The shape of things to come. Growth this decade,
disruption in the 2030s, then a new world.

This decade: growth amid friction. Electrotech and
infotech costs will keep falling, performance will keep
improving and deployment will keep rising.
Bottlenecks, bubbles and backlash are all but
guaranteed, but will not be enough to hold back the
tide of change.

The 2030s: disruption to four sources of power.
Energy shifts from molecules to electrons; industry
from incumbents to innovators; geopolitics from
geology to technology; defence from concentration
towards swarms. Small and fast beats big and heavy,
as size moves from a shield to a burden.

The long term: a new electric world. Electric energy
and intelligence promise decentralisation, faster
decarbonisation, greater sovereignty and new - found
abundance. But they could also concentrate
manufacturing, put dangerous intelligence in every

pocket, and entrench autarky. A world of ubiquitous

energy and intelligence  may be richer and cleverer b
but not necessarily wiser.

The electron is now the foundation of power itself.
Success rests on securing cheap electricity and

capital, using these new tools to build energy and

digital sovereignty, and taking a stake in the electro -
industrial base.
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Chapter 1: Two interlinked revolutions

The electrification of information and energy

| X

A shared history

For nearly 200 years, from
the telegraph to electricity
to the internet, we have
seen interlinked stories of
rapid growth in infotech and
electrotech. Each has built
off the other.

A shared supply chain

Both areas rely on similar
electro - minerals for most of
their materials. They share
the same five core
components of chips,
sensors, power electronics,
batteries and electric
motors.

They are largely developed
and manufactured by the
same groups of
entrepreneurs (Elon Musk,
Greg Jackson, Robin Zeng)
in the same places (Eastern
China, Northern Europe,
coastal US).

They both harness the same
scientific breakthroughs in
electromagnetism , and are
powered by small modular
technologies which have
seen their combined costs
fall since 1990 by 99%. Each
fall in costs opens up a new
area of growth.
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Conventional thinking still treats them as two separate stories

B o T The electrotech revolution
Example: data created worldwide Example: solar and wind generation worldwide
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|
1 Sources: IDC, Energy Institute, Ember; Ember analysis xNote: a zettabyte (ZB) is 102! bytes, i.e. one trillion gigabytes. E M B: R



The two revolutions are deeply interlinked
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From the vacuum tube, to transistors, to Li -ion batteries, infot ech and electrotech  developed together
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Made of the same minerals
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The same component tech stack
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Infotech supply chains are much more interlinked with electrotech than the fossil system
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The infotech manufacturing hotspots in the world are also the electrotech hotspots

Digital hardware manufacturing Electrotech hardware manufacturing
N, T v T " Equal-weighted composite selected electrotech
T - e % of world capacity, 2024
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Sources: SEMI; DSCCPrismark; Counterpoint Research; TrendForce ; IEA; BNEF; GWEC; Ember analysisNote: digital includes chip fabs, displays,

|
circuit boards, phones, computers; electrotech includes solar modules, battery cells, electric cars, wind nacelles. The bound aries shown and E M B — R
the designations used on this page do not imply official endorsement or acceptance by Ember.

S S



LI ‘

o 1L re o - N . T N J N —_— J L N

Many electrotech entrepreneurs started in infotech
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Shared underlying physics
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Shared economics of
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One tech stack, one flywheel, two revolutions
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The rise of infotech and electrotech
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Enérgy s rapidly
electrifying

~_ Electtotech is transforming
' how electricjty is supplied,

connected and used b and

~ getting cheaper as it scales.

Its ‘constraint is no longer.

. cost but coordination:

matching vafiable,

_ . distributed resources across

the system. Infotech eases
that, through smart meters,

. digital grids and real -time

control of billions of devices.

Deployed together,
electrotech and infotech

can cut transport costs by

up to 70%, household energy
running costs by up to 80%
and manufacturing costs by
40b70%. Progress in each
raises the ceiling for the
other.

The US is focused on the
frontier of infotech: Al.
Europe is focused on
renewables. Only China is
pushing both, aiming to
lead in electrification and
automation at the same
time.

EMB=R



- N N L N o = n N J + + ’ - T o - + m o N
By going electric, memory, communication and reasoning surged in capabilities and use
Memory e T T L
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Infotech has gone around the world
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Rise of infotech by region,  2010- 2025
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Memory, communication, and now reasoning
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Al needs more electricity, faster connections and more end

World data centre electricity demand
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New, electric technologies revolutionise the supply, connection and demand of energy
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After decades of cost innovation, electrotech is now cheaper than
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Firm renewables are here
Some 75% of the planet can get firm solar + battery + backup supply for under $100/MWh

Solar, battery and backup LCOE across the world, 2026

Share of population by 24/7 power cost

, S Cumulative, cheapest region first
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x |1
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! for every hour of the year for under $100/MWh
s || Today et > __,._-_-—-;//r‘r
T —""5030 . e - 7
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S e 0% 25% 50% 14 100%
$50/MWh LS XY L - ) ) :
x 1 ‘ Sources: Ember; NASA; World Bank; IGU; Ember analysis »xNote: Ember Solar and Battery Atlas, June 2026

- $720/kW solar (AC, ILR 1.3), E M B — R
$120/kWh battery, 7% WACC, backup at $300/kW diesel or $800/kW OCGT, 35% efficiency. —
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Half of global solar is behind the meter;

Solar capacity, global
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Storage , smart grids, flexible demand and the software tying it together
o Consumer
Battery storage "~ Smart meters Public EV chargers
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The trade in connection technologies is three times larger than solar panels

Cross - bloc exports of electrotech
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100 -
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0 N / " custrial robots
2000 2010 x Iox ¢ 2000 x |os | 2023 2000 2010 x Iox ¢
Sources: UN Comtrade; Ember analysis  Note: Data for trade across blocs (as shown on slide 34) to avoid double counting, for example E M B: R

27 in Europe. Comtrade does not specify much of the trade in wind equipment, so wind exports are understated.



The long march of electrification
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Electricity overtook oil in 2007 and is now the largest source of useful energy demand

Useful energy demand c
2007 | L BA%
[ /
Oil !
11 v /° Gas 22%

20 /-/\'\a o 11%

l O Biomass ]
|
|
W/ |
0 = =S - 1
1900 1920 1940 s 4 1980 2000 x Iox x
29 Sources: IIASA; IEA; Ember analysisxNote: excludes feedstock use. Useful energy is the energy that performs the task, after conversion E M BE R

losses. It is a more accurate measure of energy, since fossil fuel conversion wastes far more.
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GDP growth decoupled from final fossil energy consumption in the 1980s

World GDP, electricity and fossil fuels in final energy
Index, 1980 = 100. Final energy, non -energy use excluded
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Steady electrification in buildings and industry
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Now transport is joining the electrification party
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The rise of electrotech is global
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Other developed includes Australia, Japan, New Zealand, Singapore and South Korea.
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New opportunities and niches are opening all over the world
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Share, 2023

China 62%

EU 5%
SE Asia 25%

China 34%

China 46%

JKT 18%
“x x
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~ . .. _ frontier isAitting information ceilings

| t | | | | y | ] y
- C o r + ’ - + o y + + N - y + o N + - o N - J -
Supply oo T
T, .o e e e Y 7 Much electrotech could  run flexibly on
coa o e s T R e e e s T Lo oo T .. Tt gheaper power, but without a'price signal or
0 = = T 3 ! 3 ] J J 4 ™ - ’ ] ° ’ ! ’ 1‘ of \‘ l :I-. ok h P * - o a ~ ° ’ -+ ‘ T - —l : e *a wm .’. ] :aor]drfd-'rgioe\s .thatﬂo
' - - ' B * ‘ o Y B o (4 h o L ’ Y T ‘ : ’ ‘\ - ' - - o - =k ‘\ - < —x- s o ' ‘ ~ - 4 adoditional C’Omp‘etrti\}er\]e%-
e e T S Flexible demand
Selected markets Global Responsive capacity vs average load, 2024
¢l o : : :
% of hours with negative prices South 4,000 GW ...
Australia -
? ‘.
N J - + 5 N
O N
S I

Southern

California

Germany 1,000
' 0
2019 2022 2025 x I Ix 1 1 92010 2015 2020 x | x 4 Eachsquare = 1% of average global load

|
1 Sources: IEA; Ember analysis xNote: fraction of negative hourly wholesale electricity prices in selected regions (left -hand side). E M B: R
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Across supply, grids, storage and flex, demand and even manufacturing and finance

Supply Storage and flexibility C Manufacturing and finance
Y ' 7 Variable output becomes Existing wires carry more, o T . ' Demand can be_shifted to Kit gets cheaper to build, and
' ‘ predictable enough to and faults are found ‘ o, N " dtch supply credit reaches the unbanked
" schedule before they spread c T
Examples in . Wind and solar D ic li B N = ' > i
. e ynamic line . . . 2 & Gigafactory
operation " forecasting ﬁ rating IRN T e S H @ robotics

today

Il -

oo T eﬁ Automated grid %y Virtual power L T Al materials
T connection studies A5% plants Zgé LT discovery

5

e A @ Wildfire and fault D@1 Smart EV .l Building energy B

prediction »—al charging management

- t ’ ‘ ‘ [ ‘ = ‘ il - ‘ - X [
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The ceiling of the possible is high and rising

Share of global
penetration, %

2025 I

Hard to automate

Judgement,
leadership,
client
relationships = @

Drafting,
analysis,
basic
coding,
customer

replies

Records, admin,
etc

Office & o -
knowledge work

37 I

value - add by task and automation

* 7 _ . I Possible tg ehHance with automation
Il Already automated

On-site judgement,
skilled trades

] = ”

Factory robots,
automated processing
& logistics

Electrification
is cheaper
when
combined
with
automation

A

Share of global final energy demand by subsector and

electrification potential,

x I x A

Heating

%
[

Technically possible

Chemicals

High temp. heat

.. . I Ecohomically possible

Not yet possible

Planes

Ships

. Other transport

Low temp. heat

Industry

-

Buses
Trains g
Transport
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Electrotech
needs
infotech

38 :

Timing
e — e o= lo—o»

Chip needs to pass on 100+
control commands per second

Required
3/s o
ICE engine max response time
200/s — (V)

EV motor response time !

No self - driving with a gasoline car

iz

Fast charging requires retuning ingoing
currentupto 1,000 times per second

'y, P

o= 4N J .

== - T

1,000x /s — ()

Chip controlled charging :

No fast charging without a chip

] |
AN s s o ™
t ) [1 t
Precision

1 ] y 1 “,c’\
System can target dozens of =
spots to weld percm  or more

Required

e
o o o _3, EA .‘ LN o o N ‘ o SRR i‘ °
50/cm — o

Electric coil :
No robotic precision welding with gas

o

Wind turbine rotation

o o ReqL'Jir'ed‘ :
O/day :
Static blades ® ;
100/day —a—— O
Sensors + chip steered :

. Distributed solar and battery réquires

| = V4
A
Complexity
Sorting & distribution e
,> ’ o = T ° N o ’ y‘ NS‘ I , IA ) ° : . L
<20/acre @
Diesel fork - lifts §
600/acre :

Electric robots A

Distributed generation

_.managirig_ 1,000s of assets in sync
Required



The dual revolution in transport
New infotech and electrotech can drive down transport cost by as much as 70%

= ] = =

e e s s : s e INDICATIVE Other advantages
US city, 2026 b stylised build - up for ride - hailing service

94%

fewer serious - injury crashes
Note : 1.2 million people a year die on the roads

C o147

oo~ . s =7

95%

of the day a car sits parked
Autonomous fleets liberate valuable space

ICE + human driver EV + human driver Autonomous EV

- t ’ ‘ X .- L [ = ” = - ‘ t 1 1 ‘ i ‘T
F )!((_ F N ”
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The dual revolution for households

-~

Yo . I S '’ 7 INDICATIVE ~ , Other advantages

13%

of childhood asthma attributable to
gas cooking in the US
Can be avoided with electric stoves

_ 0
80% 3 million

homes overheat with no way to cool
in England
Heat pumps can heat and cool

Il 75%

of charging happens at home or the

workplace
Gas boiler +SolardkWp  ~ Y, T L + Smart tariff +V2G/ VPP So no more trips to the gas station
+ petrol car + battery needed
Sources: Ofgem price cap and typical domestic consumption values (1 Jul 2026); DESNZ; DfT National Travel Survey; Solargis; Octopus Energy E M B — R

|
! published tariffs; English Housing Survey; Gruenwald et al. 2023; IEA,  Potloc, Roland Berger; Ember analysis. Note: cost build - ups are illustrative.



The dual revolution in industry
71 ] n

50 \ =

INDICATIVE

<, 7 B. . | _ overhead [ Labour

Capital - intensive

—
. —
. l
_ . _ ~ Today h - +
robots Alruns cheap robots Alruns ' ° , . _ ' _ ... . .cheap
it 24/7  power it24/7 , _ . . T X ¥4 power

Sources: McKinsey; Sandia National Laboratories; Ember analysis. Note: illustrative cost build -ups for a clothing factory, an al

smelter and a precision metal - parts plant.

Other advantages

gy 1! .
unplanned downtime

Al predictive
maintenance

+20%

machine life
so the capital spreads
further still

uminium
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Few countries are pursuing both revolutions

= 4 = 1 y 1 ‘ =
AN
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Al compute build - out versus electrotech build - out

-

@’ ) « @ Advanced economies

@ Greater China
‘@ _Petro regions

Al . |
compute Al builders )
build - _
out, 1y United States
H100
equiv
s ||
Japan _ Germany ¢ Norway
. . > . ® Switzerland ’ - A
s | Saudi Arabia - ox . g ¢ Op  o.a «
‘ [ ] T @ italy “Iceland ‘UK _
. @ Spain <0 '
Russia [ ] T e * Denmark
o ° - . e @ ¢
e . Brazil Australia  Viet Nam ¢
Laggards Electrotech builders
' x| 40 60 80 s I 120
Electrotech gain since 2010 , % ptincrease in solar & wind penetration + electrification + EV sales share
- t t ) L ] t ) ] 1] ] oy 1 ] [ ]
42 - . 3 k J - 3 xv ~ )I((-v— - k - ~ -+ o - ~ J 4 = Fm Tt ~ 4+ o ‘EMB=R— + o



Few countries are both electrifying and digitising

= ‘ ’ t = ‘ e t
L T S Buildings: smart meters Mobility: autonomy
T K ‘ T, ' _ Smart neters, % of meterind points . _ . _ . _ . . . oo ,
x|
Il Digital Both digital 100 o —eo o ° r
only and electric Denmark @ _ * , * | China
® France ® .
Cﬂna ®. ... ... ® China
t
.. outh Korea IR 1.00 ;
- ®Us o . _.
o
40 PY Belgium
. ‘ (] ® ) e . @,
i ‘e 60 © ® 010 8 @
L South Korea ' Canada ®
20 ® ® [ PY
'US Mexico . . . .
o .
Neither : ‘
| = o o B 40 or © o g o o= 0.01
<0 1 10 15 x | below g 10 x | ¢ 40 | 25 50 ! s 1
Rise in electricity share, 2003 -23 (% pt) Rise in electricity share, 2003 -23 (% pt) EV share of new - car sales, 2025 (%)
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It is a powerhouse of electrotech and infotech

AN . AN +

Electrotech
Electricity

-

Wind & solar Grid batteries EV car sales . . )
‘ installed capacity units sold all filings I

62
'| X 48
33
/'/O
/ -
T R —O —0

x 1os | 2025 x 1os | 2025 2015 x 1 x4 2015 x 1 x4 2010 2023
Infotech
Chip fab capacity Data centres o T * _ AlLmodels Al patents
200mm+, 300mm -eq electricity use annual ] all filings |
L
54
37
X X A
—
= = 3 —
share of GDP

x 11 2022 x 1 x| 2025 x 1 s ] x 1 x 12014 x 1 x 12010 2023
11 ‘ Sources: Ember; World Bank; IEA; Energy Institute; IFR; SIA/BCG on SEMI data; Epoch Al; Google Patents; Ember analysis E M B: R

xNotes: grey line = China's share of world GDP; patents cover all filings.



01 Two interlinked revolutions

- t = L 4 = = 1 = 4 )

02 The electric rise

- = = t ‘ 1 t t

¢ The shape of things to come

The implications of the two revolutions converging

04 - ‘ = = =

w + - o S N —_ J J - o y + o [

Navigating the incoming electric disruption
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The implications of the two revolutions across three time horizons

Q2 The Emerging Electric World
I -

j The Great Disruption

. | [ Mid/late 2030s
Continued growth amid _ )
friction and noise B - -

Early 2030s T

(5
1

1
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J n - o (4 J -
Y o - o (4 - o ' ) 1 = ”o> =
] t ‘ = = e ‘
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Costs will continue to fall
What is cheap today will be irresistible by 2030

-

o Electrotech
Al inference Compute S .. . ' .. ' Baftery storage Car battery packs
US$ per 1M tokens US$ per TFLOP/s T, O US$ per kWh installed US$ per kwh
L X
38
¢ 1]
31 1,619
134
\ ~N
\\ he)
\
N\ c ~
\ N i AN
. Coughlin \\ \\
! \ BNEF B
\ ) _ t _O ‘ = - 1
'L '
0" C
2020 x I x 1 2035 2015 2025 x 1 ¢4 2015 2025 x e xl s 4 x1 x4 2035 x 1s 12025 2035 2015 2025 2035

11 Sources: IRENA; BNEF; Epoch Al; Artificial Analysis; Gartner; Our World in Data; Coughlin Associates; Objective Analysis; Emb er analysis.
Note: all the charts above are shown on a logarithmic scale; units and scale differ by chart.
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Al uses by capability
Length of a human software task matched half the time (METR)

Lweek A multi - day project
oo 2026_:/‘
> ‘ o A Y 8 + € == m—— + <
S
A quick fix
2023
s -
Seconds to minutes
2019 2021 2023 2025
48

sm N\

As infotech and electrotech improve, so they open

2027

1 4

T

Sources: METR 50% task horizon; cell prices, Way (2026) after Ziegler & Trancik, BNEF andAvicenne , via OWID.

C N o o — o

up new markets

Battery uses by price
Lk ion cell, constant 2024 US$ per kWh

$10,000

Consumer electronics
.S Lol
Premium cars
2008
s L
Trucks - ships - grids x I xt]
1990 2000 2010 2020
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Itis just a question of fastor  faster growth

Data centre

Infotech
t L L ] ‘ ‘ ’ Capex
2,000 2,000 US$bn 2,000 US$hbn
BNEFQ
I
- o
st L Ay McKinsey ——?
Y]
] !
] !
nh !
n o ! - -
Ay ‘ I " . .
17 L
ly x 1 x A -0
[[I y ¢ ]
w

]
L}
7
0 J

2015 2025

x 12035

s %

X

2015 2025 2035

1L

+ 7
Battery storage L
on the grid S
2,000 GWwW é) 1 T T
BNE, IEA Stated o)
| Policies /
- 'l ’
-1 [} -|° O° I
; 7. /
, Iy /
Iy /
Iy /
Iy !
[ b -BNEF
! 1
Iy /,
] ’,
[ )
I ]
"
[}
[}
1
!

s 12025 2035

g

2015 2025 2035

Electrotech
Solar installed
base
12,000 : ~
< o
Q o € I
! !
/ -
[} - a K4 pr
] - s I; .
] ,,
/- IEA I
'@ " Renewables -¢Y
]
! I:/
:' ]
"
! ]
! 7
] /
|
x ¢ 2015 2025 2035

Sources: BNEF; IEA; WSTS; SIA; Deloitte; McKinsey; Morgan Stanley; .
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Forecasters have structurally underestimated how fast change can happen

Al capex: Analyst outlooks vs reality

s 7 x US$ bn of capital spending 12,000 TWh of solar generation

V4

2024
Nl x x 1 x A
c b PG B
2023
Feb 2026
IEA World Energy
600 6,000 Outlook, by year
Oct 2025 of publication
Jul 2025 2022
Jan 2025 2021 2019
300 Cox ¢ 1 x 1ox | x I s |
t ‘ x | s ]
2016
- — 2015
2014
' 0
x | s | x 1 ox | 2022 2024 2026 x 1 s | 2015 x 1 x 2030 2035
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x | sx]l & x | & B
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The exponential gap will widen

= = = = | 1

” - ) . . ‘Examples of places the gap already bites

Change over time
g Technology can

o o ) o -

Flexible ., . ... .. . ., . Plan every connettion as if it
connections . ) Y .. needs firm power 24/7

capacity existing wires with sensors + oo R
GETs _ ‘

The exponential gap

Connection Build solar + batteries in Take 5+ years to connect
speed months them to the grid

.. _Run markets designed around
. . "ahangfyl of large power

- - ] I—

L. oK
@ Grid Unlock major capacity from ~
Rk

stations
- EE- Multi - use . B ¢ - ‘ . ~! t ) o ) ¢ .
. Ed ; D - R ~ e
h storage ) i KR )

[
4

Time

kel
I

1

1

Electrification  Deliver ~3 x more useful energy
from each unit of energy

a®p

o
d o

|
51 Sources: Azeem Azhar framing; Ember interpretation. Note: GETs = grid - enhancing technologies. E M B: R



Locally bumpy but globally s

A Y

Countries
can
experience
ups and
downs

10

x 1 s A

x I x A1

mooth

World

wind
installed capacity
1.5TW, stock

/

0

15 GW, annual additions

x 1A

2015

10
5
0

2025

USA

Brazil

Electric cars

X 1 9% of new car sales

World

« 50

0
2010

s | 9 of new car sales

x I s A

Iceland

New
Zealand

x I x|

2025

EMB=R



‘ ’ =
o b XL

-
N\ s - ’ o N\ + I4 -_— . T + J — J +

But superior technologies tend to keep growing regardless

Two revolutions, two bubbles, two continued technology trends

B L The car shakeout

T A= U (e United States, 1895 b1960, 100 = peak

100 - 7100 -

20 NASDAQ 11

0 0 o

1995 1998 x 11 s x 11 s 1 s ox | 1940 1960

53 :

\\\\\\

Vehicles registered
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Bottlenecks are inevitable but transitory

-

Price
2020=100

54

Production
750 capacity
wo
0
x | x| 2025

2020 2025

Sources: IRENA; IEARVPS; IEA (Solar PV Global Supply Chains, World Energy Investment, Electricity Grids); UN Comtrade; BNEF via
Data; Energy Institute; USGS; Fastmarkets ; WSTS/SIA, IC Insights; SEMI; Wood Mackenzie; Ember analysis.

-
o (3] — N J
Battery cells
4000 -
X [
0

200

x I x| x I x A

x I x|

2025

Lithium

s x ktLCEayear

1 x 1
0

1000

2020

x x|

)

Supply
falling
short

-
1) o
2025

X
100/\ 100*/\o 1/\
! 0 0

x I x A1

Chips

400 mn wafers/yr, 8 -in eq

200
Only a few percent

spare in 2021 & 2022

2020

200 i
Price

/ increase
. N

0
2020

x I ox 1

x I x 1

Our World in

2025

200

Price

[ increase

x box | x I x 1
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Revolutions also devour their own children

Every generation is won by new firms b, . ‘“_ a4 L ‘ L

INDICATIVE
t t
Infotech o
r - - M . .
o T N S . Solar cells Lithium - ion cells
L _. .Y v . _.  _ .+« _.  bycategory - % of units,shipped by architecture - % of cell production T . '
s 1,1 s 1,1 s |,1 s 1,1
[
‘
~
0 = ! 0 —_— 0
1970 sl 111 2010 | 2020 1965 198p 1995 x1s 1 2025 2010 2015 x1ox 2025 1995 2005 x1s 2025
14 inch l\_/lainframe Multi - Si Al- BSF LCO
8-inc T _' L
Shugart, Priam, Micropolis DEC, Data General, Wang LONGi Panasonic, LG, Samsung SDI
1 —J
EPRIPTLIT DA A AR | Eesktopg’(;G t JinkoSolar CATL, BYD
35-inch ompag, Dell, aeway
Conner, Quantum, WD L,
2.5-inch Toshiba, Compagq, Lenovo
R A VO Smartphone

Samsung, SanDisk, Micron

]
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The implications of the two revolutions across three time horizons

@

The Great Disruption

_—

Early 2030s
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In with the new, out with the old

Throughout history, as the new renders the old obsolete, the old can lose market share rapidly

Note: all figures are US except lighting and heating (UK).

Information
Message’s | S . YL '
Toll calls
100%_ T 100% 9% of computers sold PCs 1500  ~ o R Transistors
75% 75%
1,000
50% 50%
25% 25% ‘ 500 Vacuum
Telegrams . tubes
0% 0% ° 0
1890 1910 1930 1950 1970 1965 1975 1984 1950 1960 1970 1978
Energy
LT A . * . 7 " Landtransport: Horses to cars Heat: Coal to gas
3 1,000,000 toO" v 0T T, } 30 mtoe
100,000
Electricity Gas
2 10,000 20
1,000
1 10
100 Coal
0 10 0
1885 1905 1925 1945 1830 1880 1930 1980 1946 1956 1966 1976 1986
1] Sources: Fouquet, Nakicenovic ; Historical Statistics of the United States; Gordon; Harrigan; EIA; US Tariff Commission; Ember analysis X E M B: R



Four disruptions will reshape global power

The old order of slow, centralised power gets disrupted by small, fast, decentralised technologies

01 I x 03 04

L o Geopolitics Defence

, - ¢ 3 - ’ - ¢ 3 . - T , - ¢ N e r . - T 3 , - ¢ N e r . - 3
T H E O L D [ = - i N\ l 3 i \ [T} ’ +* l 1 ] T ’ N\ + (-] [T} GeOIogy b - +* ! A Y +* (-] L] ‘ (-] E - +
POWER T P CoT ’ h " Power from what lies Few, huge, expensive
STRUCTURE "~ rsr “=r - & 0 7s 0 26 T (nderground machines for
Large, S L concentrated force
centralised,
: >< X ><
THE NEW AGE  Electrons Innovators Technology Swarms
OF POWER
- ” Small and modular solar, T Power from what you can Many cheap electric

" _ batteries, EVs, heat pumps S ) build drones and sensors

1] Sources: Ember framing page E M B E R



ENERGY
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As electrotech scales, fossil fuel demand has peaked in large parts of the world
Regional fossil fuel shares,  since 1990 v peakin share . . .. Share of world
past peak
. _. Other Latin Southeast
o, America developed China T Ty Asia | South Asia © 7Y Africa
electricity _ . P . i
generation p4 ° v N\L\o
3 VJ‘/\ /\/\\'\,\:o //,WY\STJZ \‘\..r\"\\,o 74%
11 fj\‘o ;
€ 4 : s
30% @
1990 x 1x
Fossil % of ~ 90%
. : \\-\‘o . "

62%

\O 68% \ A\"\p
. . //v”\q \'/‘0
17 59%
30
1990 2023
Sources: Ember; IEA; Ember analysis. x _ _ F oo -energy use. World péaks summed_ by country, measured by total

electricity and final energy demand respectively. Other developed includes Australia, Japan, New Zealand, Singapore and South

v
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The process is bumpy, but fossils will be in clear decline by the early 2030s

Global coal demand Global oil demand - .

250 EJ Outlook Outlook Outlook

v

v

v

200

150

100

50
1.8C

s * A

0

1990 2010 2030 2050 2070 2090 1990 2010 2030 2050 2070 2090 1990 2010 2030 2050 2070 2090

|
i | Sources: Rystad Energy; RMI; Ember analysis. Note: future fossil fuel demand represents scenarios not forecasts. E M B: R



INDUSTRY

Innovative infotech and electrotech are already displacing incumbents

= y = 1 t 4 1 ‘ ’ y T
> C o L - o i T N + T — A Y 4 Y
l 1 -1
‘ ‘ Phones
150 World shipments, million units L. ‘ 400 US, million
300
100
200
50 100
Film Landlines
0 =0 0
1995 2000 2005 2010 1985 2000 2015
Energy
N Electricity
30 . LT T © ' . 1000 EU27 TWh
750
500
250
0
2012 2018 2025 2000 2010 2020 2025

61 Sources: CIPA,; Stack Exchange; OpenAl; FCC; Robbie Andrew; Ember; IEA

77

Coding questions and answers
Questions, thousand a month;

250
200
150

users, million a week

1,00(

750

500

100
Stack Overflow
50 250
0 0
2016 2020 2023 2026
Lighting

100% World, % of residential lamp sales

75%
50%
25%

0%

Other lamps

2010

2016

2022
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The S&P 500 is already majority infotech and electrotech companies; this will only accelerate

Share of S&P 500 by time of joining .. -, . N e . .
Fossil energy, 1980 - 28%
1958b79 Fossilffuel . _ * 4
. relative share has
Fossil energy, 2026 I 3% fallen dramatically
2010s against its 1980
J ~ ' 3 3
] 1, :
1980s 3, . Iinfotech &
: electrotech stocks
since 1990 .
have risen to over
Electron economy, 1990 l 1. half the index
0% 20% 40% 60%
Sources: S&P 500; Wikipedia; CME Group; Ember analysis. Cells are companies, sized by index weight; the smallest 384 are pool ed by cohort, as —
1 X shown with the grids. Electron economy = the GICS information technology sector plus Alphabet, Amazon, Meta and Tesla; fossil energy = the GICS E M B — R

energy sector.



GEOPOUTICS

Hectrotech will curb the power of the petrostates

Ten countries hold three - quarters of the oil and gas; nearly every country has enough sun and wind

Geology concentrates power U S

Oil and gas ever extracted plus proved reserves, % of world ~_ LT oL,

Ten countries hold

of all the oil and gas N 5 e e e e e
ever found N
N No data ] B No data
5% s 15% Under 1x 1x 10X s 1 s 7l

Sources: Energy Institute, Our World in Data; World Bank; Ember analysis, Solargis, NREkNote: onshore wind only. Solar and wind potential

|
i ¢ ‘ assumes utilisation ofa  severely constrained amount of level 2 land. The boundaries shown and the designations used on this page do not E M B — R
imply official endorsement or acceptance by Ember.



GEOPOUTICS

Fossil rents  will be redistributed
Up to $15 trillion could shift from producers to consumers by 2040

World fossil fuel rents

and_importers

- L
6 - = - :
= Exporters
® Kuwait
' Iraq
.‘ ‘ ‘
4 oy
[ )
.S 01 . & saudi Arabia
Potential reduction )
in rents to 2040 ._!“, —
i J
[ ]
0 Importers
2000 2010 2020 2030 2040
11 Sources: UN Comtrade; World Bank; Energy Institute; Ember analysis. Note: constant 2024 US$; cumulative reduction, undiscounted; E M B

2022b25 estimated, 2026 b40 modelled.

50%

40%

30%

20%

10%

0%

10%



DEENCE
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Expensive large equipment is losing against small cheaper electric defence tech

N\ + AY 1 o (] o

Defence money: the old guard dwarfs the challengers
Annual arms industry revenue vs spending on drones and autonomy

800 $ billion

400

200

1

1

Arms revenue, Pentagon
100 biggest drones &
arms autonomy
companies, ask, FY27
2024

Sources: SIPRI; Pentagon budget request;

AN o

Asymmetric warfare: cheap drones, expensive targets

The cost of the target

Main battle tank
vs. FPV drone

Fighter jet vs.
missile -armed
drone boat

analysis xNote: ratios are indicative, drawn from published unit costs and open incident reporting.

versus the attacking equipment

- =

PitchBook; NATO; SBUMIlitarnyi ; USNI; Ukrainian Defence Intelligence; US Navy; CSIS; Ember
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DEENCE

DERfence
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Cost Energy throughput Time to repair after
per year major strike
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The shape of things to come

- = L B = = [

The Emerging Electric World

_—

LI |

_ Y Xt . ¢ 1

The electric world promises sovereignty,
democratisation, abundant energy and
information, and decarbonisation. Such
promises carry equal risk: autarky in
place of trade, new powers open to
weaponisation, oligopoly among the few
who make the technologies, and
dislocation for those disrupted faster
than they can adapt.
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SOVEREGNTY
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N is 5 A + C -_— L — ’ AN + (o] . is e N N J
Most of the world runs on foreign clouds and imported energy b sovereignty in both is rare
Foreign cloud dependence Energy import dependence
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Al lowers the barrier to building sovereign software

Powerful Al weakens software monopolies. Open

Length of software task Al completes unaided
Human work time per task, 50% success rate, log scale

10 hours
Models become ever
1 hour more capable_ to bund
complex applications
and software
s | 7
1 min
6 sec
3 seconds
2019 2021 2023 2025
70 F K
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% of expert - level science questions answered correctly

t 1 1
J

- weight Al weakens Al monopolies too

-

100 -
_Experthumanlevel |
50 _,_,J ; J
25 ;J_
0
2023 2024 2025 2026
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SOVERHEGNTY
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Domestic renewable energy is abundant, and most of the economy can be electrified to run on it

Renewable resources as a multiple of current electricity demand

Wind and solar ; sssvccessosnces sscoecerce sssevstecosaseccessssscs Share of world final energy, 2025
potential as
multiple of 10% Electric solutions still in R&D
current -
electricity ST
demand
k
Economically feasible
& (e.g. EVs, heat pumps)
Already electrified
Multiple
M-s Msc MW3.10x Mi10100x Ms .5 1 | ' >1000x ™ Nodata

1s Sources: UN, NASA, IEAmber; Ember analysis. E M BE R
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Both fall from the sky
Sunlight to a panel and battery; low orbit to a dish and terminal

I o Low- earth orbit
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Consumer service from low
earth orbit
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DEMOCRATISATION

Emerging markets have a new development tool

Small and modular technology allows for development steps within reach through savings or
pay - as-you-go

‘ = ‘ 1 1

C o e e e .. Electricity ladder
each square is 1 GB a month oy s g
Phone Ij Ij Ij Ij Ij Ij - ‘ B HBHEHBHH
Purchased - H =] =] B85 BEHBEH BEEH
Network X: ¢ 3G 4G 1 4G
5 s, oo o .. L] 0 i 000 00000 0000000
ata’ n n [ | I —— | ] 1] -Illl.-.l.lll-l ============
Cost per rung +$40 " .S +$6 +$20 +$60 s T +$50 +$50 "Ll +$160 +$180
1,600 MB/day 3 kWh/day
1,200
2
Daily use P
S
- .
. . —
L. +social  + photos T Lights & ~ . ~ * +electric +electric  ~ ’
~ .messaging feeds & voice S o charger I moped cooker
notes : B : B
73 Sources: Ember analysis xNote: Indicative appliance, handset and mobile -data costs from desktop sources. lllustrative for a household E M B: R

at the lower end of emerging market incomes.
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South Africa
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Rooftops overtake power stations in what gets built
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Fossil fuels drove the West's divergence; electrotech and infotech help drive Asia's convergence

GDP per capita, the West versus Asia, 1600 - 2050

s | 17 1$2011 GDP PPP per capita B
) ‘ ‘ : ‘ .. West.
~ The West starts growing .
~ faster than the East T Asia
‘ 35x
10,000
ox L ‘
| 4 .
4 1.4x X *x T .
s 71 1| | e S .
Divergence accelerates  as - s 2
fossil - fuelled industrialisation ‘ : s
develops in the West
100 1 1
1600 s 41 1700 1750 1800 1850 1900 s 1 x o 2050

|
11 Sources: Maddison Project Database, UN, World Bank; Ember analysis E M B: R
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Infotech and electrotech open up new abundance

Energy and information in orders of magnitude more than the analogue, fossil system

Information Energy
Fa - ¢ A N _Primary energy available per person

- + 7 = T o -+ 5 . PR J N

(] &locallibrary, 25 gigabytes of text 17.5 MWh ayear

11111

Information available through newspaper . Fossil extraction per person

{4 Sources: Energy Institute ; NRELSolargis ; Ember; Ember analysis
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DECARBONISATION

Electrotech uptake  will lower emissions

And infotech will help speed up o _rnse © 4

e

Future

11 GtCO,
30
20
s |
| ea
s 11 1900 1950 x 11 2050 2100

1

1

Sources: Global Carbon Project, OWID (1850 b2024), Rystad Energy to 2024 b2070; RMI; Ember. Note: Rystad Energy's climate scenario s are
shown for illustration, not as forecasts.
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DECARBONISATION

Dematerialisation
b t t t ] 1 1 =1 1] = ]
Energy Information INDICATIVE
Millions of tonnes of fuel and metal o o

Build - Build T

every year

. Steel
Fossil

[

o - -

Aluminium

Infotech

To service the
| same amount

Electrotech
To provide the

3 _ _ ? !
zgmigr;esrgy of information
toda no fuel to burn traffic as in effectively nothing
y 1985 consumed
Other
78 ‘ Sources: Energy Institute; Energy Transitions Commission, Rystad; Schlesier et al. (2026); Wang et al. (2025); USPS and UPU; Ember ana lysis E M B: R
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DECARBONISATION

Borrowing, not burning

) -, , , - , . -
Recovered today L LT
share of retired material recycled Lo e T s
Burnt
Bc;rrowe(;l
N c L
|
Steel 85% |
I
Aluminium 76%
-
Nickel 68%
—
o 68% ‘
.- -
CIC 1L
Copper 11 ‘
0 x 1 1| 75 100%

Share retovered when the product dies

99%

L L

97%

99%

99%

99%
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O% nothing comes back
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out of buildings and cars; 65% in 2000

out of cans, cars and window frames

out of stainless steel

out of wire and motors
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The same forces that empower can also endanger

The promise

- |
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Domestic supply, beyond the reach of cartels
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Cheap energy and intelligence in billions of hands

N

Abundance

| 1 y | ¢ =

t ‘ ) = ‘ =
N\
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Y

A rapidly decarbonising world consuming fewer virgin materials

Risks

Autarky

Each country looks inward, prioritising energy and technology
self- sufficiency over open trade

Weaponisation

Formidable intelligence in everyone's hands raises new risks, in
cybersecurity and beyond

Production is concentrated in a few firms even as consumption
spreads across the many

ANY
AY e o

Rapid decarbonisation can strand industries, jobs, regions and
national revenues faster than they can adjust
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There is a paradox atthe heart of the Age of Power

1 ’ t ‘ = ‘ = = ‘ ) LI | )

Chip fabs
S T B

Scale reduces cost
Pricing in more people and
opening new markets

Larger markets boost
demand
Allowing even larger
factories to be built

Solar manuf. plants

-

s | 3 I

|
81 Sources: Ember analysis xNote: conceptual page, firm concentration figures indicative. E M B: R
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Chapter 4: Seizing the opportunity

1 = 4 = | ] | ] = t ] |

01 02 03 .

L o Lower the two costs that Build the electric stack
L L matter and shield

e . “'_ . .. _ . _ _Information and énergy This is an electric and «_ T ’
B . . . ' systems ar€ chanding ’ capital intensive revolution. o T o
o o w7 7 faster than ever._ Redulation Those who want to succeed o
.. Y. . . . !dndincentives need to need to drive down both L o, ‘ X
ST e move just'as fast, or electricity prices and the e v e e
e * _ institutions will become the cost of capital. L
, oL v bottleneck. I
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Build an integrated strategy for

J— - ‘ - V4 [}

Two macro races: Al and electrotech build
-out , H100 equiv

-

Al compute build

electrotech

-

- out, line shows 2010 -2025

Infotech

Me
N

’ " Al b_uilders without electrotech

1M United States ? -
100k
- A ? Norway Renewables and flexible demand hit
| Germany UK S , an integration wall: they need far
s ? T more coordination than old electricity
J Denmark control systems can deliver.
_— Netherlands
1k / /O Power builders
/ f [ / Electrotech L ;T
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Electrotech gain since 2010

84 Sources: Epoch Al; Ember; IEA; Ember analysis.

, % pt increase in solar & wind penetration + electrification + EV sales
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Many countries are focused on building renewables; few are electrifying

Two electrotech races: electrification and solar & wind,

[ = - 1] '] b B | l<d
”

line shows 2000 to 2023

NON- EXHAUSTIVE

30%
Electrifiers O chi Electrostate builders
! Ina
25% O
France N — Spain
e United States United Kingdom
40 .
20% D — —0"
_ , Latin‘ America
15%
10%
0% 10% 20% 30% 40%
Solar & wind penetration , % of generation
85 Sources: |IEA, Ember; Ember analysis .
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Electrifiers eventually hit a wall: old
electricity supply tech cannot scale
fast enough, and for most countries it
means more imports and less
security.

Renewables builders

Renewables scale fast but only reach
the 20 - 30% of demand that is
electrified. And little conventional
electricity demand is flexible, making
deep wind and solar penetration
harder still.



Physical Al will draw far more power than data centres

Data centres are only the start of a major electrification wave Al helps unlock

S ' ' ent of 2030s, indicativerseeparip ‘. " B” NON- EXHAUSTIVE
Data centres m 1,719n faster case I
|EA base case 1

S | A

Lights - out electrified factories
a tenth of factory fuel, plus 23 million robot arms
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Robotaxis and autonomous cars
a third of car travel, plus a quarter running empty

Humanoid robots
100 million, at 1.2 kW for 20 hours a day

Delivery vans and pavement robots
half of van travel goes robotic

Warehouses, ports and logistics robots
50 million mobile robots

Autonomous electric buses and shuttles
half of bus travel

‘s‘ll_" - i - R R . . I50
B 1, - <
0 x 7 4,000 6,000 8,000

Demand for
reasoning only

Demand for
reasoning
& action

i.e. enabled /
accelerated
electrification b
largely displacing
existing fossil
energy demand
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87 Sources: IEA; Wood Mackenzie; SolarPower Europe; InfoLink; BNEF; IRENA; Lazard; EIA; CSIRO; OIES; IEEFA; Ember analysis E M B: R

xNotes: battery cells = GWh/yr at4 -hour duration; firm solar = 95% reliability.






