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Global primary energy consumption by source
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Primary energy fallacy



Overview of the EU28 energy system in million tons oil equivalent (MTOE)
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i : B Lawrence Livermore
Denmark Energy Flow in 2017: 800 PJ Nationa L Sboratory
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“Would you be happy to pay someone for one hour
if after 20 minutes they stopped working?”

Fossil fuel import dependency (%) , EU 27, 1990-2022

source: Eurostat

EU imports of energy products, 2019 - 2023
(monthly averages, € billion and million tonnes)
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Electrification
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>2/3 of EU electricity now from non-fossil sources...

Electricity generation (TWh)

European Green Deal
: December 2019

Hydro and
nuclear
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...which halved carbon intensity of EU electricity

Emissions intensity
gCO2e per kWh
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Heat pumps are >3x more efficient than gas boilers

Gas boiler Heat pump
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EVs are 3x more efficiency than ICE cars

Energy needed for 100km of travel, based on
2023 data (kWh)
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18% of Europe’s industrial process heat is fossil with
only 3% from electricity

Total energy demand - 2950 TWh/a Process heating demand - 1952 TWh/a
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Industry: 78% electrifiable with existing technologies
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Industry: 90% electrifiable by 2035

Technical potentials for direct electrification in the EU-27 - Fig. 1
based on 2019 energy demands
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EU industry electrification under 90% GHG reduction
target by 2040 and climate neutrality by 2050

3x higher share of
electricity

Share of electricity of final energy
consumption

2021 2040 2050

Source: European Commission 2024



System integration
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Grids: the new frontier of the energy transition

New load
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Meaning ot the color codes

(OTransparent: Transport capacity available

Yellow: Limited transport capacity available

Orange: No transport capacity available for the time being pending the outcome of the congestion
management study
@Red: No transport capacity available: congestion management cannot be applied

With congestion management

//Transparent hatched: Transport capacity available based on application of congestion management
#,Shaded yellow: Limited transport capacity available based on application of congestion management
#Shaded orange: No transport capacity available for the time being pending distribution of the released
capacity over the queue based on congestion management. (it is still unclear whether and how much
power will become available for new requests that are not yet in the queue)

@shaded in red: No transport capacity available: the limits for the application of congestion management
have been reached







Thermal storage potential across Europe

Home temperature loss tado’
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Early pilot project in Denmark

“Heat pump portfolio optimisation can reduce
the peak by 30% of the heat pumps’ own
contribution in the peak.”

“In 2/3 of the planned two hour optimisations
the heat pumps did not consume energy in the
full two hour period.”

DEMAND
RESPONSE




Time-of-use tariffs make heat pumps flexible

Impact of heat pump adoption and heat pump
time-of-use tariff on consumption throughout the day
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“Based on Octopus
Energy’s Cosy
Octopus tariff
designed for heat
pump owners, we
see an approximate

doubling of
consumption during
off-peak periods and
a halving of
consumption during
the evening peak.”




Large heat pumps can offer demand response
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Thermal storage combined with district heating
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Industrial electro-thermal energy storage
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Volt with Eneco and PepsiCo. Food industry, Netherlands U RONDO BTSN - Dlatmers . REGNchs: Compaysl Bt
Kraftblock replaces a 25 MW gas
boiler with Net-Zero Heat System. o
¢ X in

Rondo Energy announces €75M project
funding with Breakthrough Energy

Catalyst and the European Investment
Bank
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Three Rondo Heat Battery installations will
decarbonize food, clean fuel, and chemical
production across Europe.






Recent innovations are spreading faster due to a highly
connected and globalised world
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Follow me on LinkedIn

Thank you

Dr Jan Rosenow
jan.Rosenow@eci.ox.ac.uk
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