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Abstract   

Russia’s invasion of Ukraine has reaffirmed the importance of scaling up renewable energy 

to decarbonise Europe’s economy while rapidly reducing its exposure to foreign fossil fuel 

suppliers. The question of sources of flexibility to support fully decarbonised European en-

ergy system is, therefore, becoming even more important in light of a renewable-dominated 

energy system. We developed and used a Pan-European energy system model to systemati-

cally assess and quantify sources of flexibility in order to meet deep decarbonization targets. 

We find that the electricity supply sector and electricity-based end-use technologies are cru-

cial in achieving deep decarbonization, and that other low-carbon energy sources like bio-

methane, hydrogen, synthetic e-fuels, and bioenergy with carbon capture and storage will 

also play a role. To support a fully decarbonized European energy system by 2050, both tem-

poral and spatial flexibility will be needed. Spatial flexibility, achieved through investments 

in national electricity networks and cross-border interconnections, is crucial to support the 

aggressive roll-out of variable renewable energy sources. Cross-border trade in electricity is 

expected to increase, and in deep decarbonization scenarios, the electricity transmission ca-

pacity will be larger than that of natural gas. Hydrogen storage and green hydrogen produc-

tion will play a key role in providing traditional inter-seasonal flexibility, and intraday flexi-

bility will be provided by a combination of electrical energy storage, hydrogen-based storage 

solutions (e.g., liquid H2 and pressurised storage), and hybrid heat pumps. The role of hydro-

gen networks and storage will become more important as we move towards the highest de-

carbonization scenario, but the need for natural gas networks and storage will decrease sub-

stantially. 
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