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The race of the 21st century is the race to master the electron
Executive Summary
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◆ 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 AI, 
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 AI 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 – chips, batteries, power electronics, 
motors and sensors – 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. AI's limits are increasingly 
electrical. It needs power and grid connections, fast. And physical 
AI 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 – 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 AI but 
lags in electrotech; Europe leads in renewables but lags in 
electrification and has little AI. 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 AI 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 –
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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The electrification of information and energy
Chapter 1: Two interlinked revolutions
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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 history

02

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.

A shared supply chain

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).

03
The same people 
and places

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.

04
The same physics 
and economics
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Sources: IDC, Energy Institute, Ember; Ember analysis • Note: a zettabyte (ZB) is 10²¹ bytes, i.e. one trillion gigabytes. 

The world is living through an information and energy revolution
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Sharing origins, materials, components, geography, physics and economics

Source: Ember

The two revolutions are deeply interlinked
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From the vacuum tube, to transistors, to Li-ion batteries, infotech and electrotech developed together

Sources: Comin & Hobijn; IEA; Energy Institute; Ember analysis • Note: Each curve is the share of US households that have adopted, except: 
telegraph, indexed to its 1929 peak; solar and wind, a share of US generation; EVs, a share of US new car sales. Each curve ends at its peak.

A shared history
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Infotech and electrotech are both largely made from electro-minerals 

Sources: BNEF; Argonne National Laboratory; ITRPV; Fraunhofer ISE; NREL; IRENA; USGS; Ember analysis.

Made of the same minerals
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Infotech and electrotech both build on chips, sensors, power electronics, batteries and motors

Sources: Manufacturer documentation, published teardowns; Ember analysis • Note: schematic, not to scale. 

The same component tech stack
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Infotech supply chains are much more interlinked with electrotech than the fossil system

Sources: USGS; Ember analysis • Note: Links are indicative material and component routes.

A shared supply chain

10

System

Technology

Components

Materials

Electrotech Fossil tech
El

ec
tr

ic
 te

ch
 s

ta
ck

Information Energy

Fo
ss

il 
te

ch
 s

ta
ck

C
on

ve
nt

io
na

l 
m

a
te

ria
lsSilicon

Gallium and indium

Silver

Aluminium

Lithium

Cobalt

Graphite

Rare earths

Copper

Nickel

Logic chip

Memory chip

Power chip

Solar cell

Inverter

Converter

Capacitor

Cathode

Battery cell

Anode

Image sensor

Radar sensor

Temperature 
sensor

Magnet

Electric motor

Motor core

Smartphone AI server Robot Television

Laptop Data centre Drone

Coal plant Gas boiler Jet engine Petrol car

Gas turbine Diesel truck

Solar PV Grid battery Electrolyser Electric car

Wind turbine Transformer Heat pump

Iron ore

Chromium

Zirconia

Titanium

Platinum

Coal

Natural gas

Crude oil

Boiler

Combustor

Turbine blade

Crankshaft

Gearbox

Fuel system

Catalyst

Blast furnace

El
ec

tr
o-

m
in

er
al

s
Infotech



The infotech manufacturing hotspots in the world are also the electrotech hotspots

Sources: SEMI; DSCC; Prismark; Counterpoint Research; TrendForce; IEA; BNEF; GWEC; Ember analysis • Note: digital includes chip fabs, displays, 
circuit boards, phones, computers; electrotech includes solar modules, battery cells, electric cars, wind nacelles. The boundaries shown and 
the designations used on this page do not imply official endorsement or acceptance by Ember.

Made in the same places
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Many electrotech entrepreneurs started in infotech

Sources: company disclosures, filings and press reporting; Ember analysis • Note: illustrative and non-exhaustive.

Built by the same people
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Infotech and electrotech both use the electromagnetic field to transfer energy and information

Source: Ember. Note: arrows are illustrative not exhaustive.

Shared underlying physics
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Infotech and electrotech use the same physical field to transfer information and energy at the speed of light
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Infotech and electrotech costs fall rapidly because they are small and modular

Sources: Santa Fe Performance Curve Database (Nagy et al.; Farmer & Lafond); OWID; Nemet; IRENA; BNEF; Ziegler & Trancik; McCallum 
and Epoch AI; Ember analysis • Note: DRAM is a type of memory chip.

Shared economics of learning
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One tech stack, one flywheel, two revolutions
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The rise of infotech and electrotech
Chapter 2: The electric rise
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01
Information is rapidly 
electrifying

02
Energy is rapidly 
electrifying

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 
40–70%. Progress in each 
raises the ceiling for the 
other.

03
Combining the two 
drives fast change

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

04
Few countries are 
pursuing both

Electrifying information 
systems drove a boom in 
memory and 
communications. Reasoning 
is next, yet its rapid growth is 
already hitting limits: it 
needs more electricity, 
faster connections and 
more end-use sectors to 
deploy in. Electrotech 
supplies all three.

Electrotech is transforming 
how electricity is supplied, 
connected and used – and 
getting cheaper as it scales. 
Its constraint is no longer 
cost but coordination: 
matching variable, 
distributed resources across 
the system. Infotech eases 
that, through smart meters, 
digital grids and real-time 
control of billions of devices.



By going electric, memory, communication and reasoning surged in capabilities and use

Sources: Fouquet & Hippe; Nordhaus; Top500; Epoch AI; Buringh & van Zanden; Hilbert & López; IDC; Ember analysis.

The electric leap in information systems
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Steep growth in every region

Sources: IEA, ITU, Epoch AI; Ember analysis

Infotech has gone around the world
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Sources: Hilbert and López; IDC; Ericsson; UPU; Bick, Blandin and Deming; Microsoft; Ember analysis • Note: dotted lines are estimates.

Memory, communication, and now reasoning
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Infotech’s frontier is hitting energy ceilings
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AI, and physical AI like robotics, needs a 
lot of power, faster than conventional 
electricity tech is used to scaling

Loads are getting bigger; data centres 
and automated factories need ever 
bigger connections the old grid struggles 
to build

AI needs new markets to earn its returns; 
a huge potential market is physical AI, 
but that needs faster uptake of electric 
tech that can be made smart
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Enter the electrotech revolution
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After decades of cost innovation, electrotech is now cheaper than other energy tech

Sources: IRENA, BNEF, Ember analysis • Notes: values are global weighted averages in 2025 real terms. Wind and solar measured by 
levelised cost of electricity (LCOE). Wind decline is IRENA's offshore figure, onshore is -71%.

Electrotech has become cheap
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Some 75% of the planet can get firm solar + battery + backup supply for under $100/MWh

Sources: Ember; NASA; World Bank; IGU; Ember analysis • Note: Ember Solar and Battery Atlas, June 2026 - $720/kW solar (AC, ILR 1.3), 
$120/kWh battery, 7% WACC, backup at $300/kW diesel or $800/kW OCGT, 35% efficiency.

Firm renewables are here
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Half of global solar is behind the meter; rooftop solar and batteries are already 12% of global capacity

Sources: Energy Institute, Ember; Ember analysis • Notes: “rooftop solar” includes off-grid and behind-the-meter solar capacity. * no 
country-level battery estimates published.

Electrotech is decentralising energy supply

25

2025

0

1,200

2,400

2015 2020 2025

Behind 
the meter

Utility-
scale

0

200

400

Behind 
the meter

Grid-
scale 

2015 2020 2025

Belgium
Hungary*
Netherlands
Pakistan*
Germany
Switzerland*
Austria
Lithuania*
Australia
Poland*
Italy
Czechia*
World
Japan
China
India*
United States

GW

GW

Rooftop solar
Behind-the-meter battery

Utility solar, wind & battery

Other power stations

Battery capacity, global

Solar capacity, global Total installed capacity by country



Storage, smart grids, flexible demand and the software tying it together

Sources: Energy Institute; Thunder Said Energy; IEA; IoT Analytics; company annual reports; Ember analysis.

New connection infrastructure is coming online fast
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The trade in connection technologies is three times larger than solar panels

Sources: UN Comtrade; Ember analysis • Note: Data for trade across blocs (as shown on slide 34) to avoid double counting, for example 
in Europe. Comtrade does not specify much of the trade in wind equipment, so wind exports are understated.

The connection opportunity is huge
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Sources: IIASA; IEA; Devine; HYBRIT; Coolbrook; BASF; SABIC; Linde; NEEP; ICCT; Ember analysis • Note: “Technically possible” dates the first working 
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The long march of electrification
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GDP growth decoupled from final fossil energy consumption in the 1980s

Sources: IEA, World Bank, IIASA, Maddison Project Database; Ember analysis. 

Electricity is the foundation of modern growth
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Yet transport barely moved and is still just 1.5% electrified

Sources: IIASA; IEA; Ember analysis.

Steady electrification in buildings and industry
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Sources: IEA; Ember analysis • Note: Figures are for the size of the fleet.

Now transport is joining the electrification party
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China and solar may grab the headlines, but the story is much broader

Sources: IRENA, Energy Institute, BNEF, IEA, ADB/IFC/EBRD project documents; Ember analysis • Note: each cell has its own scale.
Other developed includes Australia, Japan, New Zealand, Singapore and South Korea.

The rise of electrotech is global
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New opportunities and niches are opening all over the world

Sources: UN Comtrade; Taiwan Customs; Ember analysis • Note: cross-bloc trade; EVs from 2017; non-China solar pre-2022 includes 
photodiodes. Developed Asia (JKT) includes Japan, South Korea, Taiwan (China).

A global race to make electrotech
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Developed Asia European Union Southeast Asia North America Rest of World

130 50 62 9.3 14 16

68 20 49 20 14 29

45 2.1 4.0 19 0.4 3.0

2010 2023

Share, 2023

China 46%

EU 22%
JKT 18%

China 34%

EU 25%

RoW 14%

China 62%

SE Asia 25%
EU 5%

Supply tech

Connection 
tech

Demand tech

China

Cross-bloc electrotech exports by bloc, US$ billion, 2010-2023

e.g., solar, 
wind

e.g., cables, 
switches

e.g., EV, heat 
pump



Growth in frontrunner countries is inhibited by poorly coordinated supply, grids and demand

Sources: IEA; Ember analysis • Note: fraction of negative hourly wholesale electricity prices in selected regions (left-hand side).

Electrotech’s frontier is hitting information ceilings
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Negative prices and rising curtailment 
hurt project finance: not because there is 
too much supply, but because nothing 
coordinates it with demand and storage.

Queues lengthen as permitting and 
integration modelling drag on, while line 
capacity is not set dynamically but fixed 
based on the worst day of the decade.

Much electrotech could run flexibly on 
cheaper power, but without a price signal or 
controls it doesn’t, and forgoes that 
additional competitiveness.

Responsive capacity vs average load, 2024
Flexible demand

DemandSupply



Across supply, grids, storage and flex, demand and even manufacturing and finance

Sources: Ember analysis • Note: examples are illustrative, not exhaustive.

Infotech offers a new suite of solutions to electrotech
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Supply

Variable output becomes 
predictable enough to 
schedule

Grid

Existing wires carry more, 
and faults are found 
before they spread

Storage and flexibility

Millions of small assets run 
as one dispatchable 
machine

Demand

Demand can be shifted to 
match supply

Manufacturing and finance

Kit gets cheaper to build, and 
credit reaches the unbanked

What digital 
changes

Examples in 
operation 
today

Wind and solar 
forecasting

Grid-forming
inverters

Drone inspection
of the fleet

Dynamic line
rating

Automated grid 
connection studies

Wildfire and fault 
prediction

Algorithmic battery
trading

Virtual power
plants

Smart EV
charging

Data centre cooling
and load shifting

Industrial process
optimisation

Building energy
management

Gigafactory
robotics

AI materials
discovery
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Share of global value-add by task and automation 
penetration, %

More and more can be electrified and automated, with each enabling the other

Sources: IEA; IIASA; BNEF; World Bank; McKinsey; Ember analysis.

The ceiling of the possible is high and rising
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Share of global final energy demand by subsector and 
electrification potential, %
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Infotech and electrotech need each other’s timing, precision and ability to deal with complexity

Sources: IEA; NREL; E-Mobility Engineering; Infineon; Next Kraftwerke; Stem; induction-heating and engine-control literature; Ember 
analysis. • Note: examples are illustrative and non-exhaustive.

A marriage of necessity
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Precision Complexity

Infotech 
needs 
electrotech

Timing

Electrotech
needs 
infotech

Autonomous EV Automated welding Sorting & distribution
Chip needs to pass on 100+ 
control commands per second

System can target dozens of 
spots to weld per cm or more

Automated fulfilment requires
dense automated fleets; 100s per acre

No self-driving with a gasoline car No robotic precision welding with gas No automated warehouse on diesel

Battery fast charging Wind turbine rotation Distributed generation
Fast charging requires retuning ingoing 
current up to 1,000 times per second

Peak yield requires the nacelle to track 
wind direction dozens of times per day

Distributed solar and battery requires 
managing 1,000s of assets in sync

No fast charging without a chip No optimal wind yield without software No smart DERs without AI
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0/s
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Required Required Required

Required Required Required



New infotech and electrotech can drive down transport cost by as much as 70%

Sources: AAA; Anenberg et al.; WHO; AAA Foundation; Waymo; Ember analysis • Note: ICE = internal combustion engine vehicle. Cost 
build-ups are illustrative.

The dual revolution in transport
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0.0

0.6

1.2

1.8

Energy

Vehicle

Human 
driver

ICE + human driver EV + human driver

Autonomy stack

Autonomous EV

-70%

$ per vehicle-mile 

Cost per mile driving
US city, 2026 – stylised build-up for ride-hailing service

Other advantages

94%
fewer serious-injury crashes
Note: 1.2 million people a year die on the roads

385,000
deaths a year from exhaust fumes
Can be reduced to zero with EVs

95%
of the day a car sits parked
Autonomous fleets liberate valuable space

INDICATIVE
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300

Energy

Service 
& repair

Gas boiler 
+ petrol car

+ Solar 4 kWp + Heat pump + EV + Smart tariff 
+ battery

+ V2G / VPP

-80%

New infotech and electrotech can drive down household bills by as much as 80%

Sources: Ofgem price cap and typical domestic consumption values (1 Jul 2026); DESNZ; DfT National Travel Survey; Solargis; Octopus Energy 
published tariffs; English Housing Survey; Gruenwald et al. 2023; IEA, Potloc, Roland Berger; Ember analysis. Note: cost build-ups are illustrative.

The dual revolution for households
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£ per month at 2026 UK prices

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

13%
of childhood asthma attributable to 
gas cooking in the US
Can be avoided with electric stoves

75%
of charging happens at home or the 
workplace
So no more trips to the gas station 
needed

Monthly energy-related bills for a household in the UK Other advantagesINDICATIVE



Cost of turning materials into product
Cost per good unit, index: today = 100, purchased materials excluded

0

50

100

Today + 
robots

+ 
AI runs 
it 24/7

+ 
cheap 
power

Today + 
robots

+ 
AI runs 
it 24/7

+ 
cheap 
power

New infotech and electrotech can drive down manufacturing costs by 40 to 70%

Sources: McKinsey; Sandia National Laboratories; Ember analysis. Note: illustrative cost build-ups for a clothing factory, an aluminium 
smelter and a precision metal-parts plant.

The dual revolution in industry
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99%
of defects caught by 
machine vision
a typical human 
inspector catches 80%

−40%
unplanned downtime
AI predictive 
maintenance

+20%
machine life
so the capital spreads 
further still

Other advantages

Labour-intensive Energy-intensive Capital-intensive

Capital Energy Overhead Labour

-65%
-40%

-70%

Today + 
robots

+ 
AI runs 
it 24/7

+ 
cheap 
power

INDICATIVE



AI builders Power builders

Electrotech buildersLaggards
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UKIcelandItaly

S. Korea

Electrotech gain since 2010, %-pt increase in solar & wind penetration + electrification + EV sales share

Spain

Canada
Israel Denmark

AustraliaCzechia

India

Brazil

Poland

NetherlandsViet Nam

China

Saudi Arabia

UAE

United States

Russia

China is leading the way pushing the envelope on both electrotech and AI

Sources: Epoch AI; Ember; IEA; World Bank; Ember analysis • Note: we focus on total AI deployment because frontier development is a 
function of size.

Few countries are pursuing both revolutions
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Advanced economies
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size
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H100-
equiv

AI compute build-out versus electrotech build-out
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Only China does so consistently across sectors

Sources: IEA; IFR; World Bank; ACER/CEER; Berg Insight; EIA; national regulators; operator disclosures; Ember analysis. Note: samples differ 
by panel and cover only countries with available data.

Few countries are both electrifying and digitising
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only

Digital 
only

Both digital 
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Robots installed per $bn of value added Autonomous vehicles per million people, 
log scale 

Smart meters, % of metering points 
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It is a powerhouse of electrotech and infotech 

Sources: Ember; World Bank; IEA; Energy Institute; IFR; SIA/BCG on SEMI data; Epoch AI; Google Patents; Ember analysis
• Notes: grey line = China's share of world GDP; patents cover all filings.

China has an outsized influence on both revolutions
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The implications of the two revolutions across three time horizons
The shape of things to come
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The Emerging Electric World

The next 5 years

Mid/late 2030s

Technology costs will continue to fall 
and quality will continue to rise, 
leading to continued growth despite 
much friction and noise.

The Great Disruption

Early 2030s
Electrotech and new infotech such as AI 
become large enough to significantly 
reduce demand for incumbents and 
cause major disruption across energy 
and industrial systems, geopolitics, 
and even defence.

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.

Continued growth amid 
friction and noise



Infotech

What is cheap today will be irresistible by 2030

Sources: IRENA; BNEF; Epoch AI; Artificial Analysis; Gartner; Our World in Data; Coughlin Associates; Objective Analysis; Ember analysis. 
Note: all the charts above are shown on a logarithmic scale; units and scale differ by chart.

Costs will continue to fall
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Data storage
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Solar electricity
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Battery storage
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Car battery packs
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2019 2021 2023 2025 2027

As infotech and electrotech improve, so they open up new markets

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

So change spreads from one market to the next
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It is just a question of fast or faster growth
So rapid growth will continue
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Forecasters have structurally underestimated how fast change can happen

Sources: IEA; Ember; Alphabet; Amazon; Meta; Microsoft; Goldman Sachs; Visible Alpha; Ember analysis. Note: IEA central outlooks, New 
Policies Scenario for 2014-2018, Stated Policies (STEPS) from 2019.

Change will happen faster than expected
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Institutions will struggle to keep up with the pace of change; not all will succeed

Sources: Azeem Azhar framing; Ember interpretation. Note: GETs = grid-enhancing technologies.

The exponential gap will widen
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Exponential technologies vs linear institutions
Change over time

Time

Technology: 
exponential

Institutions: 
incremental

The exponential gap

Examples of places the gap already bites

Technology can

Accept interruption for a 
handful of peak hours

Unlock major capacity from 
existing wires with sensors + 
GETs

Build solar + batteries in 
months

Coordinate millions of EVs, 
batteries and heat pumps in 
real time

Switch instantly between load, 
generation and grid support

Deliver ~3× more useful energy 
from each unit of energy

Institutions still…

Plan every connection as if it 
needs firm power 24/7

Default to building new lines 
through years-long approval 
processes

Take 5+ years to connect 
them to the grid

Run markets designed around 
a handful of large power 
stations

Force batteries into regulatory 
boxes built for either 
consumers or generators

Tax electricity more heavily 
than the fossil fuels it replaces

Flexible 
connections

Grid 
capacity

Connection 
speed

Distributed 
flexibility

Multi-use 
storage

Electrification



Countries will face setbacks and breakthroughs even as global growth continues steadily

Sources: Ember, IRENA, IEA; Ember analysis.

Locally bumpy but globally smooth
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But superior technologies tend to keep growing regardless

Sources: NASDAQ; FRED; US Census Bureau; Mazzucato and Semmler; US Department of Transportation; Ember analysis.

Bubbles often form and pop in times of rapid transition
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Two revolutions, two bubbles, two continued technology trends
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Prices spike in those parts of the supply chain that don’t build ahead of the demand surge

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

Bottlenecks are inevitable but transitory
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Every generation is won by new firms – today’s behemoths can always be tomorrow’s bankruptcies 

Sources: Christensen; IDC; VDMA; IEA; Ember analysis • Note: volumes are indicative; generations, dates and outcomes are sourced.

Revolutions also devour their own children
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The implications of the two revolutions across three time horizons
The shape of things to come
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The Emerging Electric World

The next 5 years

Mid/late 2030s

Technology costs will continue to fall 
and quality will continue to rise, 
leading to continued growth despite 
much friction and noise.

The Great Disruption

Early 2030s
Electrotech and new infotech such as AI 
become large enough to significantly 
reduce demand for incumbents and 
cause major disruption across energy 
and industrial systems, geopolitics, 
and even defence.

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.

Continued growth amid 
friction and noise



Throughout history, as the new renders the old obsolete, the old can lose market share rapidly
In with the new, out with the old
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Sources: Fouquet, Nakicenovic; Historical Statistics of the United States; Gordon; Harrigan; EIA; US Tariff Commission; Ember analysis •
Note: all figures are US except lighting and heating (UK).
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The old order of slow, centralised power gets disrupted by small, fast, decentralised technologies

Sources: Ember framing page

Four disruptions will reshape global power
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As electrotech scales, fossil fuel demand has peaked in large parts of the world

Sources: Ember; IEA; Ember analysis. • Note: final energy excludes non-energy use. World peaks summed by country, measured by total 
electricity and final energy demand respectively. Other developed includes Australia, Japan, New Zealand, Singapore and South Korea.

Fossil decline has started to set in across the world
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Global coal demand Global oil demand Global gas demand

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

Sources: Rystad Energy; RMI; Ember analysis. Note: future fossil fuel demand represents scenarios not forecasts.

The growth of electrotech means the decline of fossil fuels
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As with digital cameras and mobile phones, now with AI and electrotech
Innovative infotech and electrotech are already displacing incumbents

61 Sources: CIPA; Stack Exchange; OpenAI; FCC; Robbie Andrew; Ember; IEA
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The S&P 500 is already majority infotech and electrotech companies; this will only accelerate

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 
shown with the grids. Electron economy = the GICS information technology sector plus Alphabet, Amazon, Meta and Tesla; fossil energy = the GICS 
energy sector.

Technology revolutions drive vast new value pools
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Share of S&P 500 by time of joining

70%
since 1990
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Fossil fuel stocks’ 
relative share has 
fallen dramatically 
against its 1980 
peak… 

…while infotech & 
electrotech stocks 
have risen to over 

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

Sources: Energy Institute, Our World in Data; World Bank; Ember analysis, Solargis, NREL • Note: onshore wind only. Solar and wind potential 
assumes utilisation of a severely constrained amount of level 2 land. The boundaries shown and the designations used on this page do not 
imply official endorsement or acceptance by Ember.

Electrotech will curb the power of the petrostates
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Electrotech spreads it
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73%
Ten countries hold

of all the oil and gas 
ever found

97%
of the world’s people
live in a country with solar and wind 
potential of over ten times its current
electricity demand

GEOPOLITICS

Oil and gas ever extracted plus proved reserves, % of world Domestic wind and solar potential as a multiple of electricity demand, log scale

Geology concentrates power
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Up to $15 trillion could shift from producers to consumers by 2040

Sources: UN Comtrade; World Bank; Energy Institute; Ember analysis. Note: constant 2024 US$; cumulative reduction, undiscounted; 
2022–25 estimated, 2026–40 modelled.
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Expensive large equipment is losing against small cheaper electric defence tech

Sources: SIPRI; Pentagon budget request; PitchBook; NATO; SBU; Militarnyi; USNI; Ukrainian Defence Intelligence; US Navy; CSIS; Ember 
analysis • Note: ratios are indicative, drawn from published unit costs and open incident reporting.

The next stranded assets are defence assets
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Defence money: the old guard dwarfs the challengers Asymmetric warfare: cheap drones, expensive targets
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70xFighter jet vs. 
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sea drone

9,000xMain battle tank 
vs. FPV drone
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Distributed Energy Resources (DER) better insulate energy infrastructure from modern warfare

Sources: OQ, EIA, Reuters, IEA, Global Energy Monitor; Ember analysis. Note: indicative figures.

DERfence
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1 well-aimed 
attack drone of 
$500-$5k can 
take offline…

Cost Energy throughput 
per year

Time to repair after 
major strike

1 refinery $7bn 150 TWh/y 6-18 months

1 gas power 
plant, 600 MW $600mn 3 TWh/y 12-36 months

1 solar farm, 
20 MW $30mn 42 GWh/y 1-6 months

1 DER solar 
system $5k 5 MWh/y <1 month

or

or

or

DEFENCE



The implications of the two revolutions across three time horizons
The shape of things to come

67

The Emerging Electric World

The next 5 years

Mid/late 2030s

Technology costs will continue to fall 
and quality will continue to rise, 
leading to continued growth despite 
much friction and noise.

The Great Disruption

Early 2030s
Electrotech and new infotech such as AI 
become large enough to significantly 
reduce demand for incumbents and 
cause major disruption across energy 
and industrial systems, geopolitics, 
and even defence.

Continued growth amid 
friction and noise 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.



The four promises of infotech and electrotech
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01
Sovereignty
Domestically run information and 
energy systems

02
Democratisation
Energy on your roof, intelligence in 
your pocket

03
Abundance
Access to orders of magnitude 
more energy and information

04
Decarbonisation
Fast decline in global emissions 
and a stable climate

Energy and information 
available through infotech 

and electrotech

Available to us now

Energy
Information

Imported

Domestic

Global CO2

2000 2050



Most of the world runs on foreign clouds and imported energy – sovereignty in both is rare

Sources: IEA, World Bank, Synergy Research, Canalys; Ember analysis • Note: the boundaries and names shown and the designations 
used on this page do not imply official endorsement or acceptance by Ember.

We live in a world of centralised dependence
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of the world’s people live in countries more than 20% 
reliant on foreign clouds78% of the world’s people live in countries that are net 

energy importers71%
Dependence, %
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no data

SOVEREIGNTY

Energy import dependence
Cloud infrastructure run on foreign providers, % Net energy imports, % of total energy supply
Foreign cloud dependence



Powerful AI weakens software monopolies. Open-weight AI weakens AI monopolies too

Sources: METR, Epoch AI; Ember analysis. Note: model capability based on best score on GPQA Diamond.

AI lowers the barrier to building sovereign software
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Domestic renewable energy is abundant, and most of the economy can be electrified to run on it

Sources: UN, NASA, IEA; Ember; Ember analysis.

Every region in the world can be energy independent with electrotech
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Renewable resources as a multiple of current electricity demand

Supply Demand

Multiple

Share of world final energy, 2025

21%

54%

15%

10% Electric solutions still in R&D

Technically feasible
(e.g. electric furnaces)

Economically feasible
(e.g. EVs, heat pumps)

Already electrified

Wind and solar 
potential as 
multiple of 
current 
electricity 
demand

<1x 1-3x 3-10x 10-100x 100-1000x >1000x No data

SOVEREIGNTY



Electricity from the sun and data from orbit

Sources: World Bank; Solargis; operator-published service availability; Ookla; SpaceNews; Ember analysis • Note: the boundaries shown 
on this page do not imply official endorsement or acceptance by Ember.

Energy and information will become ubiquitous
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The sun Low-earth orbit

Dish

Battery

DEMOCRATISATION

Satellite broadband availability
Consumer service from low 
earth orbit

on sale now

announced for 2026

in progress

Sunlight to a panel and battery; low orbit to a dish and terminal
Both fall from the sky Solar irradiation

Solar energy arriving per 
square metre

2.0 7.0
kWh per m² per day



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

Sources: Ember analysis • Note: Indicative appliance, handset and mobile-data costs from desktop sources. Illustrative for a household 
at the lower end of emerging market incomes. 

Emerging markets have a new development tool
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As with mobile phones, so with solar

Sources: World Bank; ITU; Energy Institute; Ember analysis • Notes: below zero capacity is net retirement; rooftop solar includes all behind 
the meter; power stations include fossil power, hydro, nuclear and bioenergy. On the right-hand side, each cell has its own scale. 

So emerging markets can leapfrog direct to better solutions
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Mobile overtakes fixed lines Rooftops overtake power stations in what gets built
Net GW added each yearSubscriptions per 100 people
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Fossil fuels drove the West's divergence; electrotech and infotech help drive Asia's convergence 
The dual revolution accelerates the Great Convergence
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$2011 GDP PPP per capita

Divergence accelerates as 
fossil-fuelled industrialisation 
develops in the West

Convergence 
accelerates 
increasingly 
driven by 
electric 
industrialisation 
in Asia

Sources: Maddison Project Database, UN, World Bank; Ember analysis

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

The West starts growing 
faster than the East

The Great Divergence The Great Convergence West

Asia

DEMOCRATISATION



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

Sources: Energy Institute; NREL; Solargis; Ember; Ember analysis

Infotech and electrotech open up new abundance
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Information Energy
Primary information available per person Primary energy available per person

Information available through newspaper 
& local library, 25 gigabytes of text

Fossil extraction per person
17.5 MWh a year

The 
analogue, 
fossil system

The digital, 
electric 
system

Solar and wind 
potential per person:
790 MWh a year

Information on the 
Internet available to all:
100 million gigabytes

ABUNDANCE

ILLUSTRATIVE



Future

1.6°C

1.8°C

1850 1900 1950 2000 2050 2100 2150
0

10

20

30

40

And infotech will help speed up electrotech’s rise

Sources: Global Carbon Project, OWID (1850–2024), Rystad Energy to 2024–2070; RMI; Ember. Note: Rystad Energy's climate scenarios are 
shown for illustration, not as forecasts.

Electrotech uptake will lower emissions
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Infotech & electrotech need almost no materials to run, and no more than the old system to build 

Sources: Energy Institute; Energy Transitions Commission, Rystad; Schlesier et al. (2026); Wang et al. (2025); USPS and UPU; Ember ana lysis 
• Note: both builds sized to deliver today’s energy service; use = one year.

Dematerialisation
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Materials used to build technologies can be recycled

Sources: Battery Council International; Resources, Conservation and Recycling; IAI; Nickel Institute; UNEP; Circular Energy Storage; CATL.

Borrowing, not burning
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out of car batteries – US and EU
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The same forces that empower can also endanger
Every promise carries a risk
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Cheap energy and intelligence in billions of hands Formidable intelligence in everyone's hands raises new risks, in 
cybersecurity and beyond

Democratisation Weaponisation

A rapidly decarbonising world consuming fewer virgin materials Rapid decarbonisation can strand industries, jobs, regions and 
national revenues faster than they can adjust

Decarbonisation Destabilisation

Domestic supply, beyond the reach of cartels Each country looks inward, prioritising energy and technology 
self-sufficiency over open trade

Sovereignty Autarky

Risks

Abundance Oligopoly
Plentiful energy and information Production is concentrated in a few firms even as consumption 

spreads across the many

The promise



A great democratisation of use is made possible by great centralisation of production

Sources: Ember analysis • Note: conceptual page, firm concentration figures indicative.

There is a paradox at the heart of the Age of Power
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The great democratisation
Energy and intelligence in billions of hands

Chip fabs
3 firms ≈ 80% of output

Gigafactories
7 firms ≈ 80% of output

Solar manuf. plants
~10 firms ≈ 80% of output

AI data centres
~10 firms ≈ 80% of output

Scale reduces cost
Pricing in more people and 

opening new markets

Larger markets boost 
demand

Allowing even larger 
factories to be built

The great centralisation
Vast factories and plants, in a few places
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Navigating the incoming electric disruption
Chapter 4: Seizing the opportunity

83

01

Every country needs a joint 
strategy for electrotech and 
infotech. Within electrotech 
that means renewables and 
electrification; within 
infotech, data centres and 
physical AI.

Build an integrated 
strategy

02

Information and energy 
systems are changing 
faster than ever. Regulation 
and incentives need to 
move just as fast, or 
institutions will become the 
bottleneck.

Make agility your 
advantage

This is an electric and 
capital intensive revolution. 
Those who want to succeed 
need to drive down both 
electricity prices and the 
cost of capital.

03
Lower the two costs that 
matter

Countries need to build the 
electric tech stack and find 
the niches where they can 
hold leverage. That same 
base can become an 
electro shield for 
sovereignty and security.

04
Build the electric stack 
and shield
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To win at either, countries need to play at the frontier of both
Build an integrated strategy for electrotech and infotech

84

AI builders without electrotech
AI gets built but escalates prices as it 
hits the wall of an old power system 
that cannot scale fast enough, and 
physical end-use markets not ready 
to implement AI

Electrotech builders with limited AI
Renewables and flexible demand hit 
an integration wall: they need far 
more coordination than old electricity 
control systems can deliver.

Power builders
Scaling electrotech and AI together 
lets each feed off the other, 
accelerating growth in both.

AI compute build-out, H100-equiv
Two macro races: AI and electrotech build-out, line shows 2010-2025

Sources: Epoch AI; Ember; IEA; Ember analysis.
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Many countries are focused on building renewables; few are electrifying
Run both electrotech races
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Solar & wind penetration, % of generation

Electrifiers
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.

Electrostate builders
Building the renewables and putting 
this new energy to work in the 
economy by electrifying at the 
same time

Sources: IEA, Ember; Ember analysis.

Two electrotech races: electrification and solar & wind, line shows 2000 to 2023
Electrification, % of final energy from electricity NON-EXHAUSTIVE



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

Sources: IEA; IFR World Robotics 2025; Ember; Ember analysis • Note: physical AI is an indicative bullish case.

Physical AI will draw far more power than data centres
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Electricity demand for data centres/”physical AI”, end of 2030s, indicative scenario
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IEA base case
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Drones and autonomous aviation
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Delivery vans and pavement robots
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electrification –
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energy demand
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Gas is slower to build, sold out for years and no longer cheaper than firm renewables

Sources: IEA; Wood Mackenzie; SolarPower Europe; InfoLink; BNEF; IRENA; Lazard; EIA; CSIRO; OIES; IEEFA; Ember analysis
• Notes: battery cells = GWh/yr at 4-hour duration; firm solar = 95% reliability.

Gas is only a band-aid answer to AI’s need for power
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Renewables can now be firmed cheaply; and they’re more abundant than any other energy source

Sources: IEA; NREL; BNEF; IRENA; IGU; Epoch AI; press searches; Ember analysis. Note: percentage of sites measure is by total MW data 
centre capacity.

AI can run on renewables
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Cost of firm renewables vs 
AI data centre capacity
Least-cost 24/7 power from solar, 
wind, batteries and backup, with >90% 
of electricity from solar and wind

Data centre capacity by firm renewable 
power cost

50 125 200+ $/MWh
No 90% solution Data centre, area = MW
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Regulation is a key differentiator between nations. If you don’t change, your competition will
Move fast and break up the old regulatory structures
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Change is happening at unprecedented levels and only the agile will survive
Agility is power
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And so the two main macro drivers to focus on are electricity price and cost of capital
This is an electric and capital intensive revolution

91 Sources: Ember analysis.

Industrial cost structure changes – indicative

ILLUSTRATIVE

Today: 
analogue fossil system

Future: 
digital electric system

Other

Labour

Fossil
energy

Electricity

Capital

100% 100%

A capital
intensive 
revolution

An electric
revolution

To attract the investment needed 
to build the future

To attract electric 
industrialisation and intelligence 

Lower electricity prices

Lower the cost of 
capital
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Driving down electricity prices and cost of capital requires concerted effort
How to enable growth
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Lower
electricity 
prices

Lower
the cost of 
capital

Permit fast and predictably Less delay, less project risk01

Expand and modernise grids More capacity from new wires and smarter 
networks02

Stop overtaxing electricity Let cheap electrons compete fairly03

Keep market rules stable Lower uncertainty, lower WACC04

Use competition aggressively Drive down equipment and power costs05

Reduce macro and currency risk E.g. electrification cuts fossil imports and can 
strengthen the currency06

Extend the investment horizon Avoid the pitfall of investing for the next 
quarter or next election; invest decadal07

Core objectives





Sources: Ember analysis.



To win the future of information and energy systems, you need to build their industrial base

Sources: Ember analysis.

Build an electro-industrial base
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Each country needs to find a role in the new systems of energy and information

Sources: bilateral HS92 trade flows, Harvard Growth Lab Atlas of Economic Complexity (2022-2024 mean); product taxonomy and 
proximity calculation; Ember analysis • Notes: Taiwan (China), UAE = United Arab Emirates.

Find your niche
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In the age of power, electrotech allows countries to gain sovereignty in four ways

Sources: Ember analysis.

Construct an electro shield
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The 
Electro
Shield

Run the economy on domestically 
generated electricity, not 

imported fuels

Control the industrial base behind 
the electric and digital economy

Supply chain criticality

Energy security

Market access

Defence readiness
Build dual-use capabilities needed 
for modern security, from drones 
to AI

Use demand, standards and scale to 
shape global markets, from chips to 
electric vehicles



Only a small share of infotech and electrotech imports poses a real security risk

Sources: Carnegie Mellon Institute for Strategy & Technology (Electrotech Moneyball, May 2026); manufacturer specifications; Ember 
analysis. Note: Capacities are typical nameplate ratings behind a single control point, not measured values. 

Focus on the brain not the brick
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• Fixed-setting inverters
• Motor and pump drives
• Cell protection chips

Decides and connected

Where the security risk sits

• Battery management systems
• Utility-scale inverters
• Grid orchestration clouds

Nothing to compromise

No electronics Connected, no control

Leaks data, controls nothing

• Solar cells and panels
• Battery cells
• Copper, steel and glass

• Telemetry-only sensors
• Read-only meters
• Plant weather stations

What a single breach controls
Nameplate capacity, log scale

10 W

1 kW

100 kW

10 MW

100 GW

Robot vacuum
40 W · one room

Home battery + inverter
10 kW · one home

Public fast charger
350 kW · one forecourt

Grid battery controller
200 MW · one substation

Vendor inverter cloud
20 GW · national rooftops

Regional control room
60 GW · a whole grid



10

10

10

10

The Guardian · May 2023
“AI machines aren’t ‘hallucinating’. But 
their makers are”

Many proponents of AI are against electrotech, and vice versa; the reality is they are deeply linked

Sources: Epoch AI; Ember; press reporting; Ember analysis.

Don’t get distracted by the culture wars
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Training compute of the largest AI model, 2000–2025
FLOP, log scale

Global solar and wind generation, 2000–2025
TWh
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26

22

18

Jacobin · Sep 2025
“The AI Revolution Might Be Running Out of Steam”

Novara Media · Aug 2024
“Artificial Intelligence Isn’t Actually That Amazing”

The New York Times · Mar 2023
“The False Promise of ChatGPT”

The Observer · Jan 2019
“Don’t believe the hype: the media are
unwittingly selling us an AI fantasy”

20252020

15

The Daily Telegraph · Aug 2025
“Net zero delusion has broken
Britain’s energy system”

Fox News · Feb 2023
“California’s grid faces collapse 
as leaders push renewables, 
electric vehicles, experts say”

The Sunday Telegraph · Jan 2020
“Wind farms paid £3m a day to 
stop generating any electricity”

Scottish Daily Mail · Aug 2016
“Wind farms paid £3m to switch off”

The Sunday Telegraph · Jun 2013
“True cost of Britain’s wind-farm
industry revealed”



Abundance is arriving. Whether it is used well is up to us.

Sources: Morris; Cook; HYDE; Smil; Coupé et al.; Hilbert; Energy Institute; Ember analysis

This is a major moment in human history
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About Ember Futures
Ember Futures is a new research initiative established to 
help leaders navigate the rise of electrotech and what it 
means for energy, financial markets and geopolitics.

About Ember
Ember is an independent global 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.
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Sign up here
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