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as-usual



4

___2010 2020___2010 2020 ___2010 2020___2010 2020___2010 2020 ___2010 2020

Solar PV
deployment (GW)

Wind
deployment (GW)

Demand
New ways to use 
electricity
Electrification as vector of change

EV 
sales

Heat pumps
sales

Battery storage
deployment

HVDC lines 
deployment (km)

Supply
New ways to generate 
electricity
Renewables as vectors of change

Connections
New ways to transport 
and store electricity
Flextech/gridtech as vectors of change

Electrotech is technology that revolutionises the supply, connection and demand of electricity
This is a technology revolution in energy

Sources: Ember, IEA, RMI, Thunder Said
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A century of evolution is converging into a decade of revolution
It’s been a long time coming

ILLUSTRATIVE

1991 – Sony commercializes 
the first Li-ion battery

ELECTROTECH 
CONVERGENCE

2020s19751900

2008 – Breakthrough in cold-
climate heat pump tech

1979 – first modern 
wind turbine

Modern EV

1921 - Introduction of 
Universal Motors 

1954 – Bell Labs Develops 
First Silicon Solar Cell

1976 – Lithium-ion battery 
concept proposed 

1983 – Brushless DC 
motors commercialized,

1971 – first chips made 
commercially available

1991 – first offshore 
wind farm

1938 – First functional residential 
heat pump installed

2006 – First smart meters with 
embedded chips deployed 

at scale

Chips

Battery

Electric motors

Solar energy

Wind energy

Heat pumps

Source: Ember
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Battery

Electric 
motor/ 

generator

Coolant

Solar 
panel

Heat pump

Satellite

Drones/ electric 
aircraft

Wind farm

Processor

Datacenter

Inverter

Solar farm

Battery 
stationary 
storage

Smartphones/ 
laptops

EV

Electrotech is made of 
the same components 
as digital tech, and 
inherits its momentum

Electrotech is the child of digital tech
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Outpacing projected demand of even net zero scenarios
The manufacturing capacity is in place

Sources: IEA; Ember analysis. The IEA net zero outlook is chosen as an illustration that capacity is above even this level.
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Over 75% of the global energy system can now be electrified
The ceiling is high and rising

Sources: IIASA; IEA; BNEF; Ember analysis • Note: excluding feedstock *Technologies available for subset of total end-use with a clear 
path to expansion

Share of final energy demand by subsector and electrification potential (%)
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2025

Already (largely) electrified

Can be electrified economically

Can be electrified technically

Still under development
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Physics
Electrotech is more efficient 
than alternatives

Economics
Electrotech as a technology 
has learning curves and 
growth curves

Geopolitics
Electrotech is a key tool of 
energy security

Three fundamental drivers of change

9
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We lose some two thirds of the energy we put into the system
The current fossil energy system is incredibly inefficient

Sources: RMI

Global energy flows and waste, EJ per year, 2019

$4.6 trillion

Total energy lost

380 EJ 
Value of lost energy

Energy 
production 
losses

Energy trans-
portation losses

Energy 
use 
losses

Energy 
services

GDP

606

Primary energy 

177

19

411

Final energy

183

227

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

Sources: IEA, IIASA, Visual adapted from Prof. Tomas Kåberger and RMI • Note: heating refers only to low temperature heating

Electricity generation

Supply

2-3x
as efficient

Wind & solar

Electricity Renewable 
electricity 

100% efficiency 

Fossil thermal

Fuel

Losses

Electricity 

30-40% efficiency

as efficient
2-4x

Electric 
vehicles Renewable 

electricity 

Losses

Propulsion 

80-90% efficiency 

Demand

Transport
Internal 
combustion 
engine

Fuel
Losses

Propulsion 

25-40% efficiency 

3-4x
as efficient

Heat pumps Losses

Heat 

Renewable 
electricity 

Ambient heat

300-400% efficiency 

Heating
Gas boiler
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Losses

Heat 

85% efficiency 



12

The fossil fuel system requires over 50x more materials than electrotech
The unbearable heaviness of the fossil fuel system

Sources: ETC; EI; Ember analysis

3,400
Gas

9,000
Coal

5,000
Oil

Total material demand for the energy transition for 
25 years (2024-2050), Million metric tons

Fossil fuel extraction per year today, 
Million metric tons
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Other
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Total over 25 years
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If you recycle batteries and improve performance, you don’t need to extract new minerals
Borrowing, not burning

Mineral 
demand 
per vehicle, 
2025

Recycling 
in 2035

Mineral 
demand 
per vehicle, 
2045

Reduction in mineral demand through 
innovation: ~6-10% per decade

Mineral mine

Mineral 
demand 
per vehicle, 
2035

Secondary 
supply

Secondary 
supply

Batteries 
reach end of 
life in 2035

Batteries 
reach end of 
life in 2045

Recycling 
in 2045

Lost in collection 
and recovery

~6-10%* ~6-10%*

~6-10%
Reduction over 
the past decade 
through just 
chemistry change 
and density 
improvement:
25-45% in a 
decade☩

Sources: RMI • Notes: Useful battery lifetime of a decade is indicative; lifetimes are likely longer. * Accelerated case  ☩ About 25% for 
lithium, about 50% or more for nickel and cobalt
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Physics
Electrotech is more efficient 
than alternatives

Economics
Electrotech as a technology 
has learning curves and 
growth curves

Geopolitics
Electrotech is a key tool of 
energy security

Three fundamental drivers of change
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Electrotech gets cheaper with scale, whereas fossil fuels get more expensive
Learning beats digging

Solar panel price cost versus amount manufactured Oil price versus amount extracted

$/W

Cumulative solar PV capacity manufactured Cumulative crude oil extracted, billion barrels

$/barrel

As demand rises, new, more 
expensive oil fields need to be 
developed, leading to rising prices, 
only partly offset by better 
extraction techniques

As demand rises, new, more 
efficient factories are added, 
lowering overall production 
cost through learning and 
economies of scale 

Sources: Rystad; BNEF; Ember analysis 
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Electrotech is the triumph of brain over brawn
Technologies beat commodities on cost

Oil

Coal 
(electricity)

Natural gas
(electricity)

Solar

Wind

Batteries

$ per MWh useful energy

Historical costs of energy sources Technologies Commodities

Sources: Way et al. 2022. Fossil fuel extraction has learning curves but empirically this has been matched by depletion. 
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Physics
Electrotech is more efficient 
than alternatives

Economics
Electrotech as a technology 
has learning curves and 
growth curves

Geopolitics
Electrotech is a key tool of 
energy security

Three fundamental drivers of change
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China: 20%

India:
35% 

UK: 34%

Uruguay: 46%

France: 51% 

Chile: 65% 

Germany: 
67%

Türkiye: 69%

Spain: 74% 

Italy: 77% 
Korea: 81%

Japan: 87% 
Morocco: 91% 

Namibia: 63% 

Costa Rica: 52%

Thailand: 55%

Philippines: 
52%

Cuba: 60%

100%

1%

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

Fossil net imports as a share of primary energy demand 2022, %

Fossil import dependency is widespread

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

Sources: Ember• Note: bar sizes are illustrative

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

In an economy running on imported electrotech, 
when imports stop, only growth is inhibited.

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

…to electrotech import dependency…From fossil import dependency… …to full circular energy independence.

At immediate risks without imports Not at immediate risk

Economic activity

Deploying new tech

Retiring old tech

Running the 
economy with 
existing tech

Economic activity

Deploying new tech

Retiring old tech

Running the 
economy with 
existing tech

Economic activity

Deploying new tech

Retiring old tech

Running the 
economy with 
existing tech
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Once installed, electrotech costs remain stable — even if global supply chains falter or fuel costs rise
Electrotech saves you from fossil volatility

Sources: Lazard 2024; NREL; IEA EV TCO tool; RMI analysis 
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Passenger carsElectricity Residential heating Inflation risk after deployment

Gas Solar

100%

Gas boiler Heat pump

Energy cost

Up-front 
cost

Maintenance 
cost

Energy inflation 
Note: This applies less to electricity, 
as purchased electricity can 
originate from renewables like 
solar power, which primarily 
involve fixed costs and therefore 
carry minimal inflation risk.

Labor & manufacturing 
inflation
Inflation in labor and replacement 
parts can raise maintenance cost.

Cost already sunk
Cost don’t change with inflation as 
technology is already deployed. 
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2010 2024

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

Sources: Ember, IEA WEB, IRENA, BNEF, NYT.

0
2000 2010 2022 2010 2020 2016 2020 2024 2000 2010 2020

300,000 6 million 30%

China US Europe Other

3 TWh

Germany

Japan

1,800 TWh

Inventing

ElectrificationRenewablesPatents Manufacturing Exporting

DeployingProducing 

Battery manufacturingAnnual cleantech patents Solar & wind generation % of final energyCars
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63%

2023

25%

2023

Two thirds are ahead of the US in solar deployment and a quarter in electrification
Emerging markets are leapfrogging

Share of EM 
ahead of US 
electrification

Example countries Example countries
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1990 2023

Bangladesh
Lao
Malaysia

Mexico

Paraguay
Philippines

Vietnam

Chile

% of energy demand 
from electricity

US

Share of EM 
ahead of US in 
solar uptake

US

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

Sources: BNEF, RMI, Ember Futures extrapolation for fossil fuel demand, assuming 3% growth in electricity demand and 15-20% growth in solar and wind supply

Manufacturing capacity is 
built: Batteries

S-curves hit their steepest 
parts: Solar 

Electrotech get too cheap to 
resist: Batteries
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The emerging markets will have the lowest electricity cost
Electrotech liberates the power of the Sunbelt

Solar irradiation, long-term average of horizontal 
irradiation (GHI)

Yearly totals 803-2,702
kWh/m2

Sunbelt

80% 
of global population

Sources: Global Solar Atlas, Ember. Map boundaries do not imply any judgment on legal status or sovereignty. 
ETC for long-term forecasts of electricity costs by region



25 Sources: Alix Partners, NYT, OICA, Wikipedia • Note: 2024 values are estimated.
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In four years, China went from small to dominant
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0

8

16

24

2010 2015 2020 2024

% of car sales % of car sales

2020 2021 2022 2023 2024 H1- 
2025

0

30

60

90

Termination 
of key 
government 
subsidies

% of car sales

Global EV car sales Larger-than-expected slowdown 
Germany EV sales

Faster-than-expected acceleration 
Emerging market EV sales

Nepal

Pakistan

PhilippinesMalaysia

India
Indonesia

Vietnam

Thailand
Ethiopia

Smooth global curve Bumpy local curves

Sources: IEA; Segment Y via New York Times; Ember analysis



27

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

Physics

Does it make the 
energy system 
more efficient?

Economics

Is it small and 
modular, so it can be 
manufactured at 
scale and benefit from 
learning curves?

Geopolitics

Does it enhance the 
independence and 
security of its user?
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Governments, companies and the general public seem to pay less attention to electrification
Electrification is underappreciated

Sources: Google Trends; NDC action tracker
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The races are moving at a different pace

Sources: IEA WEB; Ember; Ember analysis
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1980 2000 2020
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1980 2000 2020

Fossil-
fueled 
generation

Solar & wind

Fossil 
molecules

Electrons

Renewables Electrification
Solar & wind rise, fossil generation falls Electrons rise, fossil molecules fall

Note: Electrification refers to the share of final energy consumption supplied by electricity (electrons), replacing the direct use of fossil 
fuels (molecules) like oil, gas, and coal. 

of electricity generation of final energy consumption

Electrification is more advanced yet growing more slowly than renewables
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Electrification…
Electrification is the more consequential race today

Sources: IEA WEB, Ember analysis

…targets a larger 
part of the energy 
system

Bringing all of final 
energy 
consumption in 
scope by replacing 
molecules with 
electrons

…brings more 
energy security

Targeting the 
majority of energy 
imports of coal, oil, 
and gas

…makes more 
money

Larger revenue 
markets, higher 
margins, and larger 
export opportunities

…delivers more 
value to final 
consumers

Saving consumers 
money and offering 
superior products 
use in daily life

…is the global 
differentiator in 
energy leadership

Electrification is 
what differentiates 
the West from the 
success of China 
and Asia
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Primary energy supply Final energy consumption

Losses

Over 60% of primary energy does not pass through the electricity sector before use
Most energy bypasses the electricity sector

Sources: IEA WEB, Ember analysis

Other
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CoalBiomass
Electricity

Oil

620
EJ p.a.

420
EJ p.a.

Electricity

Other conversion 
losses

Energy going into 
electricity: 

~250
EJ p.a.

Global energy flows, 2022

Energy going to 
final consumption:

~370
EJ p.a.
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Only a quarter of net energy imports are used for electricity generation
The majority of fossil fuel imports is for final demand

Sources: IEA WEB for 2022, Ember estimates

For 
electricity 
generation

For final 
demand 
(non 
electricity)

Coal net imports, global Oil net imports, global Gas net imports, global

/ / = 1 EJ
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2023

2035, 
IEA APS 
scenario
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Renewables

Electrification

250

2,050

~8X

This gap is only set to widen into the future
Key electrification technologies are already a bigger market

Sources: IEA ETP 2024; Ember analysis

Renewables

Electrification

180

490

~3X

Market size of key renewables & electrification technologies, billion $ revenue

EVs & EV 
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Heat 
pumps

Wind 
turbines

Solar 
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Renewables help cut bills; electrification goes further and enhances everyday life
Electrification hits home

Sources: BLS, Eurostat, Ember analysis
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1% 3%
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1%

USA

2%
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Electricity

Heating fuels
Heating equipment
cost
Transport fuels

Transport equipment
cost

15%
16%

Energy related spending, 
% of household income, 2023, est.

Renewables

Electrification

Vector of direct 
impact

Impact on 
spending

Impact on quality of life

Freeing up

<0.5%
of income per year1

Marginal — Renewables deliver 
the same identical product as 
fossil power: electrons.

Freeing up

3-5%
of income per year2

1.  Even if renewables lower wholesale prices by 20-30%, impact on final residential prices, and hence household expenditure is smaller and in the order of hundreds of dollars per year     
2. Electrifying heating and transport lowers fuel expenditures. Electrifying transport can also lower equipment expenditures due to lower maintenance cost as well as lower sticker prices.

Significant — Electric vehicles 
deliver a quieter, smoother drive 
with minimal maintenance and 
home charging. Heat pumps offer 
consistent output of not just heat, 
but also cooling. Both enhance 
everyday convenience with smart 
controls and streamlined 
operation.
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In renewables, the race between Europe, US and China is even; in electrification it is not
One race is even, the other is not

Sources: IEA WEB; Ember; Ember analysis

15%

10%

20%

5%

0%
2010 20202000

20%

15%

25%

10%

30%

5%

0%
2010 20202000

solar and wind’s share of generation electricity’s share of final energy

Renewables Electrification Europe US China



36

<0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 >15
0

5

10

15

20

>25

Bangladesh

Brazil

Cambodia

China

Lao

Mexico

Germany

Myanmar

Colombia

Netherlands

Iran

Pakistan
India

South Africa

Japan

Sri Lanka

UK

Korea

USA

Vietnam

Indonesia

Electrification 
accelerators

Electrostate 
builders

Renewable 
accelerators

Direction of travel in the two races of the energy transition
Population 
size

Wind & solar 
generation share 
increase since 
2010, 
%-pt

Many countries are building renewables; few an electrostate
The electrification imperative
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The time is now

For the first time in 
history, we can harness 
the exceptional power 

of the sun through 
electrotech

01
After a century of 

evolution, electrotech is 
now coming together in a 

decade of revolution; 
surging globally, replacing 
fossil fuels, and powering 

emerging economies

02
Change is driven by the 
fundamental forces of 
of physics, economics 

and geopolitics, not just 
climate action

03
This revolution will come 

faster and go further 
than most think, 

stranding more than 
just energy assets, and 

reshaping global 
leadership

04
This is the decisive 
decade. Surf the 

electrotech wave or be 
dragged under

05
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