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Decarbonization of the 
European energy system 

with strong sector couplings



DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

Motivation

CO2 emissions European Union 2015

Source: data from EEA

2020                         -20%

EU CO2 emissions

2030                  -40%

2050         -80% / -95%



DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

Question:

2015:  2854 TWhel,  3562 TWhth

Is Installing Large Renewable Capacities Enough to Decarbonize 

the Coupled Electricity-and-Heating System in Europe?

capture / extract

general system dynamics

+ meaningful insights

+ inspirational results

simplified cross-sector network model
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“Smart energy” flow diagram of one country
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“Smart energy” flow diagram of one country
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“Smart energy” flow diagram of one country
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Joint capacity + dispatch optimization
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Joint capacity + dispatch optimization

Economic optimization:

Subject to constraints : 

generation costs transmission costsstorage costs
variable costs 

(including CO2 tax)

Supply hourly inelastic demand

Maximum power flowing through the links
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Renewable generation proportional to demand in every country

Wind solar mix optimized for every country

demand

α
1-α

γ

Joint capacity + dispatch optimization



DEPARTMENT OF ENGINEERING                                       

AARHUS                                  
UNIVERSITY                              AU

 

Joint capacity + dispatch optimization

We fix the renewable penetration and the level of 
CO2 tax …

… and let the math decide the cost-optimal 
composition of energy generation, conversion, 
transmission and storage technologies

Then, we calculate CO2 emissions

primary energy
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Results
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Results

500 €/tCO2

0 €/tCO2
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Results

380 €/tCO2
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Results
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Summary

Is Installing Large Renewable Capacities Enough to Decarbonize 
the Coupled Electricity-and-Heating System in Europe?

No! ... CO2 tax is required to 
• incentivize an efficient + highly decarbonized 

electricity-heating system 
• avoid renewable curtailment, combustion of fossil fuel, 

and inefficient technologies
• incentivize efficient technologies such as heat pumps
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Next steps

• biomass + heat savings

• more sectors: transportation, industry, …

• large à small scale modelling

• transition pathways 2020 à 2050

• impact of climate change

• quantitative tech+econ+soc+pol consulting
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„Energiewende“:  kickoff to the second half

Danmarks Innovationsfond Grand Solutions
(04.2017-03.2022,  2.3 M€)

RE-Invest
Renewable Energy Investment Strategies 
– a 2dim interconnectivity approach  

Aalborg U    
+      

Aarhus U
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More papers
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We are hosting the next 
Open Energy Modelling 
Workshop !!!

Aarhus University 
22-24th May 2019

https://en.wikipedia.org/wiki/Open_Energy_Modelling_Initiative#Workshops

https://en.wikipedia.org/wiki/Open_Energy_Modelling_Initiative

