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“The idea that we can replace 

fossil fuels with wind, solar, and 

batteries is pure fantasy” 

[because] “the scale of energy 

demand is too great, and 

renewables simply don’t have 

the reliability or density to power 

modern civilization.” (Bryce 

2020)
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Primary energy fallacy
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“Would you be happy to pay someone for one hour 
if after 20 minutes they stopped working?”
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Electrification



8

Heat 49%

Transport 28%

Electricity 23%

Source: based on IEA 2023

% of global final energy use



9

Heat 34%

Transport 13%

Electricity 53%

Source: based on IEA 2023

% of global final energy use
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>2/3 of EU electricity now from non-fossil sources…
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…which halved carbon intensity of EU electricity
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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

Source: Ember 2024
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78% of Europe’s industrial process heat is fossil with 
only 3% from electricity

Source: de Boer et al. 2020
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Source: Madeddu et al. 2020

Industry: 78% electrifiable with existing technologies
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Source: Agora Industry 2024

Industry: 90% electrifiable by 2035
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EU industry electrification under 90% GHG reduction 
target by 2040 and climate neutrality by 2050
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System integration
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Grids: the new frontier of the energy transition

20

Source: RAP 2024

New load    Feed in
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Thermal storage potential across Europe
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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.”
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Time-of-use tariffs make heat pumps flexible

“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.”

Source: Bernard et al. 2024
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Large heat pumps can offer demand response

Source: Wolscht 2023
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Thermal storage combined with district heating
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Industrial electro-thermal energy storage
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Wrap up
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Recent innovations are spreading faster due to a highly 
connected and globalised world

Source: NYT 2008 
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Thank you

Dr Jan Rosenow

jan.Rosenow@eci.ox.ac.uk

Follow me on LinkedIn
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