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Background

European Green Deal                                          Paris Agreement 

(òwell below 2ÜCó)

What does it mean?

Å(net) zero greenhouse gas (GHG) emissions by 2050 are mandatory

Ånegative GHG emissions are costly, risky, with unclear responsibilities

Åthus zero GHG emissions is the real target for the energy system

https://twitter.com/ChristianOnRE
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Carbon Capture and Utilisation

Valuable CCU routes

Á(2): cementmills and CO2 emissions related to limestone, as the only not avoidable fossil CO2 route

Á(5): in practice works only for waste incinerators: MSW-CC-U-Power-to-Methanol-Plastics-MSW route

Á(6): CO2 DACenables the DACCU route, which is the only scalable CCU route

Á(7): pulp and papermills are attractive for bio-CO2, while bioenergy is limited and expensive (energy crop)

Routes (2) ðcement, (5) waste incinerators, and (7) pulp and papermills imply CO2 point source capture

Route (5) requires CO2 DAC, is scalable, more flexible in site locations, but higher in cost in the beginning

https://twitter.com/ChristianOnRE
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Key Diagrams for massive PV induced Change

References:

PV, battery: Vartiainen et al., Progressin PV

Electrolyser: LUT modelassumption, Nature

CO2 DAC: Fasihi et al., J of CleanerProd

Key insights:
Ámassive continued cost decline for solar PV, wind, 

battery, electrolysers, CO2 DAC

Ámassive pressure to eliminate all fossil fuels

Ámassive direct and indirect electrification of all energy 

sectors and non-energetic fossil fuel demand

https://onlinelibrary.wiley.com/doi/full/10.1002/pip.3189
https://www.nature.com/articles/s41467-019-08855-1
https://www.sciencedirect.com/science/article/pii/S0959652619307772
https://twitter.com/ChristianOnRE


5 Role of CCU in fully renewable energy systems

Christian Breyer Ʒ christian.breyer@lut.fi            @ChristianOnRE

LUT Energy System Transition Model

Key features:
Áfull hourly resolution, applied in global-local studies, comprising about 120 technologies

Áused for several major reports, in about 50 scientific studies, published on all levels, including Nature

Ástrong consideration on all kinds of Power-to-X (mobility, heat, fuels, chemicals, desalinated water, CO2)

recent reports

link to reportlink to report

link to report

source: Bogdanov et al., 2021. Full energy sector transition towards 100% 

renewable energy supply: integrating power, heat, transport and 

industry sectors including desalination, Applied Energy, in press

https://twitter.com/ChristianOnRE
http://energywatchgroup.org/wp-content/uploads/EWG_LUT_100RE_All_Sectors_Global_Report_2019.pdf
https://www.solarpowereurope.org/100-renewable-europe/
https://www.powerfuels.org/test/user_upload/Global_Alliance_Powerfuels_Study_Powerfuels_in_a_Renewable_Energy_World_final.pdf
https://www.powerfuels.org/test/user_upload/Global_Alliance_Powerfuels_Study_Powerfuels_in_a_Renewable_Energy_World_final.pdf
https://www.powerfuels.org/test/user_upload/Global_Alliance_Powerfuels_Study_Powerfuels_in_a_Renewable_Energy_World_final.pdf
https://www.sciencedirect.com/science/article/pii/S0306261920316639
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Power-to-X: the Core of Sector Coupling

Key insights:
ÁPower-to-X comprises: Mobility, Fuels, 

Chemicals, Heat, Steel, Desalinated Water

ÁHydrogen is ONLY required, where direct 

electrification fails, e.g. chemicals, fuels for 

aviation/ marine

ÁPower-to-X is an essential core element for 

least cost zero GHG emissions and a booster 

for solar PV demand

source: SolarPowerEurope/ LUT, 2020. 100% Renewable Europe

Case: Sustainable Europe

link to report

https://twitter.com/ChristianOnRE
https://www.solarpowereurope.org/100-renewable-europe/
https://www.solarpowereurope.org/100-renewable-europe/
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Hourly Operation of the Energy System (Europe)

Key insights:
ÁWeek of least renewables supply (winter) 

and most renewables supply (spring) is 

visualised

ÁA 100% renewables-based and fully 

integrated energy system in 2050 will 

function without fail every day of the year: 

Even in the dark winter days the region 

easily copes with energy demand

ÁKey balancing components are 

electrolysers (Power-to-fuels) which 

convert electricity to hydrogen, when 

electricity is available, but drastically 

reduce their utilisation in times of low 

electricity availability

ÁMassive ramp rates in the energy system 

have to be managed, as well as forecasting 

errors require balancing

ÁCollaboration with SolarPowerEurope.

source: SolarPowerEurope/ LUT, 2020. 100% Renewable Europe


