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Table S1: Filled ESS transparency checklist1 for “Analyzing the future role of power transmission in the European energy system” {state 11/06/20}
	Criterion
	Page number 

	General Information
	

	1. Author, Institution
	1

	2. Aim and funding
	19

	3. Key term definitions
	3

	Empirical Data
	

	4. Sources
	6, 7

	5. Pre-processing
	8, 10

	Assumptions
	

	6. Identification of uncertain factors
	2, 3

	7. Uncertainty consideration
	4, 13-14

	8. Storyline construction
	5, 13-14 

	9. Assumptions for data modification
	7, 8, 10

	Model exercise
	

	10. Model fact sheet
	-

	11. Model specific properties
	4, 5

	12. Model interaction
	4, Supplementary material: 2

	13. Model documentation
	(4)

	14. Output data access
	Supplementary material: 6, 8 pp.

	15. Model validation
	-

	Results
	

	16. Post-processing
	-

	17. Sensitivity analyses
	14, 16

	18. Robustness analyses
	

	Conclusions and Recommendations
	

	19. Results – recommendation - relationship 
	18

	20. Uncertainty communication
	(18)


1according to: Cao, K., Cebulla, F., Gómez Vilchez, J.J. et al. Raising awareness in model-based energy scenario studies—a transparency checklist. Energ Sustain Soc 6, 28 (2016). https://doi.org/10.1186/s13705-016-0090-z
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Figure S1: Detailed overview of methods consisting of two steps. Step one performs a classical expansion planning and step two a detailed planning of many flexibility options


Table S2: Technology specific cost assumptions
	 
	Technology (class)
	Specification
	Cost type
	55%
	85%

	 
	
	
	
	
	

	 
	
	
	
	
	

	 
	
	
	
	
	

	Electricity
	Biomass-fired power plants
	Biomass power plants
	Invest in EUR/kW
	2.20E+03
	2.00E+03

	
	
	
	Variable O&M in EUR/kWh
	2.00E-03
	2.00E-03

	
	
	
	Fixed O&M in share of invest
	4.00E-02
	4.00E-02

	
	
	Geothermal power plants
	Invest in EUR/kW
	9.00E+03
	7.60E+04

	
	
	
	Variable O&M in EUR/kWh
	1.00E-03
	1.00E-04

	
	
	
	Fixed O&M in share of invest
	4.50E-02
	4.50E-02

	
	Power generation from fluctuating renewable energy resources
	Wind energy converters (Onshore)
	Invest in EUR/kW
	1.10E+03
	1.10E+03

	
	
	
	Variable O&M in EUR/kWh
	1.00E-04
	1.00E-04

	
	
	
	Fixed O&M in share of invest
	4.00E-02
	4.00E-02

	
	
	Wind energy converters (Offshore)
	Invest in EUR/kW
	1.80E+03
	1.80E+03

	
	
	
	Variable O&M in EUR/kWh
	1.00E-04
	1.00E-04

	
	
	
	Fixed O&M in share of invest
	5.50E-02
	5.50E-02

	
	
	Photovoltaic
	Invest in EUR/kW
	8.57E+02
	7.06E+02

	
	
	
	Variable O&M in EUR/kWh
	1.00E-04
	1.00E-04

	
	
	
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	
	
	Run-of-river power plants
	Invest in EUR/kW
	4.00E+03
	4.00E+03

	
	
	
	Variable O&M in EUR/kWh
	1.00E-04
	1.00E-04

	
	
	
	Fixed O&M in share of invest
	5.00E-02
	5.00E-02

	
	Conventional thermal power plants
	Lignite-fired power plants
	Variable O&M in EUR/kWh
	2.40E-03
	2.40E-03

	
	
	
	Fixed O&M in share of invest
	4.00E-02
	4.00E-02

	
	
	Open cycle gas turbines
	Invest in EUR/kW
	4.37E+02
	4.37E+02

	
	
	
	Variable O&M in EUR/kWh
	1.10E-02
	1.10E-02

	
	
	
	Fixed O&M in share of invest
	4.00E-02
	4.00E-02

	
	
	Combined cycle gas turbines
	Invest in EUR/kW
	8.50E+02
	8.50E+02

	
	
	
	Variable O&M in EUR/kWh
	2.00E-03
	2.00E-03

	
	
	
	Fixed O&M in share of invest
	4.00E-02
	4.00E-02

	
	
	Nuclear power plants
	Invest in EUR/kW
	6.60E+04
	6.60E+04

	
	
	
	Variable O&M in EUR/kWh
	4.40E-03
	4.40E-03

	
	
	
	Fixed O&M in share of invest
	4.00E-02
	4.00E-02

	
	
	Hard coal-fired power plants
	Variable O&M in EUR/kWh
	1.80E-03
	1.80E-03

	
	
	
	Fixed O&M in share of invest
	4.00E-02
	4.00E-02

	
	Concentrated solar power plants
	Steam turbine
	Invest in EUR/kW
	9.80E+02
	9.80E+02

	
	
	Thermal energy storage
	Invest in EUR/kWh
	2.90E+02
	1.90E+02

	
	
	Solar field
	Invest in EUR/kWth
	3.20E+02
	1.92E+02

	
	
	
	Variable O&M in EUR/kWh
	2.20E-03
	2.20E-03

	
	
	
	Fixed O&M in share of invest
	2.50E-02
	2.50E-02

	
	Electric vehicles
	Electric vehicles
	Variable O&M in EUR/kWh
	1.00E-02
	1.00E-02

	Renewable Fuels
	Electrolysis
	Alkali-Elektrolyzers
	Invest in EUR/kW
	
	3.05E+02

	
	
	
	Variable O&M in EUR/kWh
	
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	
	1.50E-02

	
	
	PEM-Elektrolyzers
	Invest in EUR/kW
	
	8.53E+02

	
	
	
	Variable O&M in EUR/kWh
	
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	
	2.00E-02




	Heat
	Electric boilers
	Electric boiler for district heating
	Invest in EUR/kWth
	7.50E+01
	7.50E+01

	
	
	
	Variable O&M in EUR/kWhth
	5.00E-04
	5.00E-04

	
	
	
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	
	
	Electric boiler for industry
	Invest in EUR/kWth
	6.00E+01
	6.00E+01

	
	
	
	Variable O&M in EUR/kWhth
	5.00E-04
	5.00E-04

	
	
	
	Fixed O&M in share of invest
	1.50E-02
	1.50E-02

	
	Gas boilers
	Gas boiler for district heating
	Invest in EUR/kWth
	7.50E+01
	7.50E+01

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-02
	1.00E-02

	
	
	
	Fixed O&M in share of invest
	2.00E-02
	2.00E-02

	
	
	Peak load boilers for coal-fired cogeneration plants
	Invest in EUR/kWth
	6.00E+01
	6.00E+01

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-02
	1.00E-02

	
	
	
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	
	
	Peak load boilers for gas-fired cogeneration plants
	Invest in EUR/kWth
	6.00E+01
	6.00E+01

	
	
	
	Variable O&M in EUR/kWhth
	5.00E-03
	5.00E-03

	
	
	
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	
	Combined heat and power plants 
	Hard coal-fired power plants for industry
	Invest in EUR/kWth
	1.80E+03
	1.80E+03

	
	
	
	Variable O&M in EUR/kWhth
	3.50E-02
	3.50E-02

	
	
	
	Fixed O&M in share of invest
	1.80E-02
	1.80E-02

	
	
	Combined cycle gas turbines for town heating
	Invest in EUR/kWth
	8.50E+02
	8.50E+02

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	2.80E-02
	2.80E-02

	
	
	Open cycle gas turbines for buildings
	Invest in EUR/kWth
	8.50E+02
	8.50E+02

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	2.00E-02
	2.00E-02

	
	
	Lignite-fired cogeneration plants for town heating
	Invest in EUR/kWth
	1.80E+03
	1.80E+03

	
	
	
	Variable O&M in EUR/kWhth
	3.00E-03
	3.00E-03

	
	
	
	Fixed O&M in share of invest
	1.80E-02
	1.80E-02

	
	
	Biomass-fired cogeneration plants for buildings
	Invest in EUR/kWth
	1.90E+03
	1.90E+03

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	5.50E-02
	5.50E-02

	
	Heat pumps
	Geothermal heat pumps
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	
	
	Air heat pumps
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	Spatial load balancing
	HVAC electricity transmission
	Overhead lines
	Invest in EUR/MWkm
	3.46E+02
	3.46E+02

	
	
	
	Fixed O&M in share of invest
	2.10E-03
	2.10E-03

	
	HVDC electricity transmission
	Overhead lines
	Invest in EUR/MWkm
	3.75E+02
	3.75E+02

	
	
	 
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	
	
	Underground cables
	Invest in EUR/MWkm
	2.00E+03
	2.00E+03

	
	
	Sea cables
	Invest in EUR/MWkm
	9.75E+02
	9.75E+02

	
	
	Converter Stations
	Invest in EUR/MW
	1.02E+05
	9.00E+04




	Temporal load balancing
	Demand side management
	Load shifting
	Variable O&M in EUR/kWh
	1.00E-01
	1.00E-01

	
	
	Load shedding
	Variable O&M in EUR/kWh
	1.50E+00
	1.50E+00

	
	Energy storage
	Hydro reservoir power plants
	Variable O&M in EUR/kWh
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	5.00E-02
	5.00E-02

	
	
	Pumped hydro storage
Pumped hydro power converters
	Invest in EUR/kWh
	1.00E+01
	1.00E+01

	
	
	
	Invest in EUR/kW
	5.00E+02
	4.50E+02

	
	
	
	Variable O&M in EUR/kWh
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	1.00E-02
	1.00E-02

	
	
	Vanadium-Redox-Flow battery storage
	Invest in EUR/kWh
	1.10E+02
	1.00E+02

	
	
	Vanadium-Redox-Flow battery power converters
	Invest in EUR/kW
	8.00E+02
	6.30E+02

	
	
	
	Variable O&M in EUR/kWh
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	3.20E-02
	3.20E-02

	
	
	Adiabatic compressed air storage
	Invest in EUR/kWh
	4.10E+01
	4.70E+01

	
	
	Adiabatic compressed air power converters
	Invest in EUR/kW
	8.50E+02
	5.70E+02

	
	
	
	Variable O&M in EUR/kWh
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	2.00E-02
	1.00E-02

	
	
	Lithium-Ion battery storage
	Invest in EUR/kWh
	2.25E+02
	1.50E+02

	
	
	Lithium-Ion battery power converter
	Invest in EUR/kW
	5.00E+01
	5.00E+01

	
	
	
	Variable O&M in EUR/kWh
	1.00E-03
	1.00E-03

	
	
	
	Fixed O&M in share of invest
	8.00E-03
	5.00E-03

	
	
	Pressure vessels for hydrogen
	Invest in EUR/kWhch
	 
	1.23E+03

	
	
	
	Fixed O&M in share of invest
	 
	3.00E-02

	
	
	Cavern storage for hydrogen
	Invest in EUR/kWhch
	 
	6.20E+01

	
	
	
	Fixed O&M in share of invest
	 
	2.00E-02

	
	
	Warm water storage for domestic heating
	Invest in EUR/kWth
	6.36E+00
	3.89E+00

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-06
	1.00E-06

	
	
	
	Fixed O&M in share of invest
	7.00E-03
	7.00E-03

	
	
	Warm water storage for heat pumps
	Invest in EUR/kWth
	2.22E+01
	1.38E+01

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-06
	1.00E-06

	
	
	
	Fixed O&M in share of invest
	7.00E-03
	7.00E-03

	
	
	Warm water storage for industry
	Invest in EUR/kWth
	3.64E+01
	3.08E+01

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-06
	1.00E-06

	
	
	
	Fixed O&M in share of invest
	7.00E-03
	7.00E-03

	
	
	Warm water storage for town heating 
	Invest in EUR/kWth
	5.45E+00
	3.33E+00

	
	
	
	Variable O&M in EUR/kWhth
	1.00E-06
	1.00E-06

	
	
	
	Fixed O&M in share of invest
	7.00E-03
	7.00E-03




Table S3: Transmission link specific costs derived from topology data between cross-border substations
	Connection name
	Costs in Mio. EUR/MW
	
	Connection name
	Costs in Mio. EUR/MW

	Albania__Greece
	12.20
	
	GER-Tennet1__Denmark
	21.00

	Albania__Montenegro
	14.20
	
	GER-Tennet1__GER-Tennet2
	2.80

	Albania__Serbia
	23.30
	
	GER-Tennet2__GER-Tennet3
	8.40

	Algeria__Tunisia
	23.30
	
	GER-Tennet2__Netherlands
	2.00

	Austria__Czech_Republic
	7.70
	
	GER-Tennet3__GER-Tennet1
	2.20

	Austria__GER-TransnetBW2
	4.80
	
	GER-Tennet3__GER-50Hertz1
	3.20

	Austria__Hungary
	8.80
	
	GER-Tennet4__GER-Tennet3
	1.60

	Austria__Italy
	3.50
	
	GER-Tennet4__GER-50Hertz3
	7.10

	Austria__Slovenia
	5.30
	
	GER-Tennet5__Czech_Republic
	13.60

	Austria__Switzerland
	2.20
	
	GER-Tennet5__GER-TransnetBW1
	4.60

	Belgium__France
	2.50
	
	GER-Tennet5__GER-Tennet4
	3.30

	Bosnia_Herzegovina__Montenegro
	9.50
	
	GER-Tennet5__GER-50Hertz3
	4.50

	Bosnia_Herzegovina__Serbia
	4.20
	
	GER-Tennet6__Austria
	1.30

	Bulgaria__Greece
	19.50
	
	GER-Tennet6__GER-Tennet5
	12.20

	Bulgaria__Macedonia
	19.50
	
	GER-50Hertz1__GER-50Hertz4
	11.80

	Bulgaria__Serbia
	12.50
	
	GER-50Hertz1__Poland
	1.50

	Croatia__Bosnia_Herzegovina
	6.10
	
	GER-50Hertz2__GER-Tennet1
	3.80

	Croatia__Serbia
	6.50
	
	GER-50Hertz2__GER-Tennet2
	2.50

	Czech_Republic__Poland
	6.10
	
	GER-50Hertz3__GER-50Hertz1
	7.20

	Czech_Republic__Slovakia
	3.70
	
	GER-50Hertz4__Czech_Republic
	5.40

	GER-Amprion1__GER-Amprion2
	5.30
	
	GER-50Hertz4__GER-50Hertz3
	1.90

	GER-Amprion1__GER-Tennet2
	2.10
	
	GER-50Hertz4__Poland
	1.50

	GER-Amprion1__GER-Tennet3
	5.00
	
	France__Italy
	9.30

	GER-Amprion1__Netherlands
	1.50
	
	France__Spain
	4.70

	GER-Amprion2__Netherlands
	4.20
	
	France__Switzerland
	2.90

	GER-Amprion3__GER-Amprion1
	0.50
	
	Greece__Macedonia
	3.90

	GER-Amprion3__GER-Amprion2
	0.30
	
	Hungary__Croatia
	8.40

	GER-Amprion3__GER-Tennet3
	2.50
	
	Hungary__Romania
	9.80

	GER-Amprion3__GER-Tennet4
	2.50
	
	Hungary__Serbia
	3.40

	GER-Amprion4__GER-Amprion2
	0.90
	
	Hungary__Ukraine
	19.10

	GER-Amprion4__GER-Amprion3
	7.70
	
	Italy__Slovenia
	2.50

	GER-Amprion4__GER-Amprion5
	3.80
	
	Morocco__Algeria
	15.30

	GER-Amprion4__GER-Tennet4
	3.30
	
	Netherlands__Belgium
	3.80

	GER-Amprion4__Netherlands
	3.80
	
	Poland__Slovakia
	7.20

	GER-Amprion5__GER-TransnetBW1
	0.30
	
	Poland__Ukraine
	41.70

	GER-Amprion5__GER-TransnetBW2
	12.90
	
	Portugal__Spain
	3.30

	GER-Amprion5__GER-Tennet4
	4.30
	
	Romania__Bulgaria
	7.90

	GER-Amprion5__France
	3.60
	
	Romania__Serbia
	1.20

	GER-Amprion5__Luxembourg
	7.90
	
	Serbia__Macedonia
	9.10

	GER-Amprion6__Austria
	0.60
	
	Serbia__Montenegro
	6.90

	GER-Amprion6__GER-Tennet6
	3.40
	
	Slovakia__Hungary
	3.50

	GER-TransnetBW2__GER-Amprion6
	1.30
	
	Slovakia__Ukraine
	6.50

	GER-TransnetBW2__GER-TransnetBW1
	1.10
	
	Slovenia__Croatia
	2.90

	GER-TransnetBW2__France
	1.50
	
	Spain__Morocco
	2.60

	GER-TransnetBW2__Switzerland
	1.70
	
	Switzerland__Italy
	3.30

	GER-Tennet1__Denmark
	21.00
	
	Ukraine__Romania
	9.30





Table S4: Configuration of the REMix model for the creation of European plant portfolios (1) and model-based assessments of system adequacy considering technologies for load balancing (2)
	 
	Technology (class)
	Specification
	
	
	Considered
	Model-exogenous capacities
	Capacity expansion

	
	
	
	
	Yes
	
	
	

	
	
	
	()
	case-dependent
	
	
	

	
	
	
	
	No
	
	
	

	
	
	
	
	Irrelevant
	
	
	

	 
	
	
	
	
	(1)
	(2)
	(1)
	(2)
	(1)
	(2)

	Electricity
	Biomass-fired power plants
	Biomass power plants
	
	
	
	
	
	

	
	
	Geothermal power plants
	
	
	
	
	
	

	
	Power generation from fluctuating renewable energy resources
	Wind energy converters (Onshore)
	
	
	
	
	
	()

	
	
	Wind energy converters (Offshore)
	
	
	
	
	
	

	
	
	Photovoltaic
	
	
	
	
	
	()

	
	
	Run-of-river  power plants
	
	
	
	
	
	

	
	Conventional thermal power plants
	Lignite-fired power plants
	
	
	
	
	
	

	
	
	Open cycle gas turbines
	
	
	
	
	
	

	
	
	Combined cycle gas turbines
	
	
	
	
	
	

	
	
	Nuclear power plants
	
	
	
	
	()
	

	
	
	Hard coal-fired power plants
	
	
	
	
	
	

	
	Concentrated solar power plants
	Concentrated solar power plants
	
	
	
	
	()
	()

	
	Conventional power consumers
	Conventional power consumers
	
	
	
	
	
	

	
	Electric vehicles
	Electric vehicles
	
	
	
	
	
	

	Renewable Fuels
	Electrolysis
	Alkali-electrolysis
	()
	()
	()
	
	
	()

	
	
	PEM-electrolysis
	()
	()
	()
	
	
	()

	
	Hydrogen vehicles
	Hydrogen vehicles
	()
	()
	()
	()
	
	

	Heat
	Electric boilers
	Electric boiler for buildings
	
	
	
	
	
	

	
	
	Electric boiler for industry
	
	
	
	
	
	

	
	
	Electric boiler for district heating
	
	
	
	
	
	

	
	Gas boilers
	Gas boiler for buildings
	
	
	
	
	
	

	
	
	Peak load boilers for biomass-fired cogeneration plants
	
	
	
	
	
	

	
	
	Peak load boilers for hard coal-fired cogeneration plants
	
	
	
	
	
	

	
	
	Gas boiler for industry
	
	
	
	
	
	

	
	
	Gas boiler for district heating
	
	
	
	
	
	

	
	
	Peak load boilers for lignite-fired cogeneration plants
	
	
	
	
	
	

	
	Combined heat and power plants
	Hard coal-fired power plants for industry
	
	
	
	
	
	

	
	
	Combined cycle gas turbines for district heating
	
	
	
	
	
	

	
	
	Open cycle gas turbines for buildings
	
	
	
	
	
	

	
	
	Lignite-fired cogeneration plants for district heating
	
	
	
	
	
	

	
	
	Biomass-fired cogeneration plants for buildings
	
	
	
	
	
	

	
	Heat pumps
	Geothermal heat pumps
	
	
	
	
	
	

	
	
	Air heat pumps
	
	
	
	
	
	

	
	Heat consumers
	Industrial heat consumers
	
	
	
	
	
	

	
	
	Heat consumers (buildings, services)
	
	
	
	
	
	

	Spatial load balancing
	HVAC electricity transmission
	Overhead lines / cables
	
	
	
	
	
	

	
	HVDC electricity transmission
	Overhead lines / cables / sea cables
	
	
	
	
	
	

	
	Synthetic gas transmission
	 
	
	
	
	
	
	

	Temporal load balancing
	Demand side management
	Load shifting
	
	
	
	
	
	

	
	
	Load shedding
	
	
	
	
	
	

	
	Energy storage
	Hydro reservoir power plants
	
	
	
	
	
	

	
	
	Pumped hydro storage
	
	
	
	
	
	

	
	
	Vanadium-Redox-Flow batteries
	
	
	
	
	
	

	
	
	Adiabatic compressed air storage
	
	
	
	
	
	

	
	
	Lithium-Ion batteries
	
	
	
	
	
	

	
	
	Warm water storage
	
	
	
	
	
	

	
	
	Pressure vessels for hydrogen
	()
	()
	()
	
	
	()

	
	
	Cavern storage for hydrogen
	
	()
	
	
	
	()

	Global modeling constraints
	Self-consumption quotas
	0% / 50% / 80% / 100%
	
	
	
	
	
	

	
	Fuels
	Unlimited availability
	
	
	
	
	
	

	
	Emissions
	Global CO2 emission limit | 45 €/t / 75 €/t
	
	
	
	
	
	

	
	Firm capacity
	0% / 50% / 80% / 100%
	
	
	
	
	
	




Table S5: Power generation capacities of different European scenario narratives in GW
	Country
	Technology 
	55%-Base
	85%-Base
	85%-CSP
	85%-H2
	85%-CSP&H2
	85%-eHighway

	Albania
	Combined cycle gas turbines
	0.1
	0.0
	0.0
	0.0
	0.0
	1.0

	
	Open cycle gas turbines
	0.0
	2.3
	2.3
	0.0
	0.0
	0.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.5

	
	Biomass-fired power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	
	Wind turbines (Offshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Wind turbines (Onshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	1.9

	
	Photovoltaics
	0.0
	9.9
	9.9
	10.1
	10.1
	3.8

	Algeria
	Combined cycle gas turbines
	4.8
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Open cycle gas turbines
	6.6
	1.7
	1.7
	1.7
	1.7
	0.0

	
	Concentrated solar power plants
	8.5
	25.3
	29.9
	26.6
	35.3
	25.4

	
	Biomass-fired power plants
	0.3
	0.4
	0.3
	0.4
	0.3
	0.4

	
	Wind turbines (Offshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Wind turbines (Onshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Photovoltaics
	0.0
	2.6
	6.5
	0.3
	2.0
	6.5

	Austria
	Hard coal-fired power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	3.5
	2.2
	2.1
	3.0
	3.3
	1.0

	
	Open cycle gas turbines
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Run-of-river plants
	9.3
	3.7
	3.7
	3.7
	3.7
	5.5

	
	Biomass-fired power plants
	1.2
	1.2
	1.2
	1.2
	1.2
	1.3

	
	Hydro Reservoir plants
	3.1
	3.1
	3.1
	3.1
	3.1
	4.2

	
	Wind turbines (Onshore)
	0.0
	3.9
	3.9
	3.9
	3.9
	5.6

	
	Photovoltaics
	2.0
	2.0
	2.0
	3.4
	3.4
	9.5

	Belgium
	Nuclear power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Hard coal-fired power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	2.5
	3.2
	3.2
	4.1
	4.2
	5.5

	
	Open cycle gas turbines
	0.7
	4.6
	4.6
	0.3
	0.0
	1.0

	
	Run-of-river plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.4

	
	Biomass-fired power plants
	0.4
	0.4
	0.4
	0.4
	0.4
	6.5

	
	Hydro Reservoir plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Wind turbines (Offshore)
	1.0
	12.5
	12.5
	14.0
	14.0
	2.7

	
	Wind turbines (Onshore)
	3.9
	3.9
	3.9
	3.9
	3.9
	10.4

	
	Photovoltaics
	4.1
	4.1
	4.1
	4.1
	4.1
	29.7

	Bosnia-Herzegovina
	Combined cycle gas turbines
	0.0
	0.5
	0.5
	0.4
	0.6
	0.5

	
	Open cycle gas turbines
	0.0
	0.9
	0.8
	0.0
	0.0
	0.3

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.7

	
	Biomass-fired power plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	
	Wind turbines (Onshore)
	0.4
	0.4
	0.4
	0.4
	0.4
	2.0

	
	Photovoltaics
	0.0
	5.4
	5.4
	5.5
	5.5
	1.6




	Bulgaria
	Nuclear power plants
	2.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Lignite-fired power plants
	1.1
	0.7
	0.7
	0.7
	0.7
	0.0

	
	Hard coal-fired power plants
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0

	
	Open cycle gas turbines
	0.1
	1.9
	1.9
	0.0
	0.0
	0.0

	
	Run-of-river plants
	0.5
	0.5
	0.5
	0.5
	0.5
	0.7

	
	Biomass-fired power plants
	0.3
	0.3
	0.3
	0.3
	0.3
	2.3

	
	Hydro Reservoir plants
	0.8
	0.8
	0.8
	0.8
	0.8
	2.8

	
	Wind turbines (Offshore)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.4

	
	Wind turbines (Onshore)
	0.8
	0.8
	0.8
	0.8
	0.8
	4.0

	
	Photovoltaics
	1.3
	13.4
	13.4
	15.3
	15.3
	9.1

	Croatia
	Hard coal-fired power plants
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.2
	0.9
	0.9
	1.0
	1.2
	0.5

	
	Open cycle gas turbines
	0.0
	0.0
	0.0
	0.4
	0.0
	0.0

	
	Run-of-river plants
	0.4
	0.4
	0.4
	0.4
	0.4
	0.3

	
	Biomass-fired power plants
	0.2
	0.2
	0.2
	0.2
	0.2
	0.3

	
	Hydro Reservoir plants
	1.2
	1.2
	1.2
	1.2
	1.2
	2.5

	
	Wind turbines (Offshore)
	0.2
	0.2
	0.2
	0.2
	0.2
	1.5

	
	Wind turbines (Onshore)
	0.5
	0.5
	0.5
	0.5
	0.5
	3.7

	
	Photovoltaics
	0.0
	3.7
	3.7
	5.7
	5.5
	6.5

	Czech Republic
	Nuclear power plants
	4.1
	3.0
	3.0
	2.9
	2.7
	4.8

	
	Lignite-fired power plants
	1.1
	0.2
	0.2
	0.2
	0.2
	0.0

	
	Hard coal-fired power plants
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.0
	1.6
	1.6
	2.1
	2.2
	4.0

	
	Open cycle gas turbines
	0.2
	0.0
	0.0
	0.0
	0.0
	1.0

	
	Run-of-river plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.3

	
	Biomass-fired power plants
	0.8
	0.7
	0.7
	0.8
	0.7
	1.8

	
	Hydro Reservoir plants
	0.6
	0.6
	0.6
	0.6
	0.6
	0.6

	
	Wind turbines (Onshore)
	0.6
	0.6
	0.6
	0.6
	0.6
	8.1

	
	Photovoltaics
	2.6
	2.6
	2.6
	9.0
	10.2
	9.2

	Denmark
	Hard coal-fired power plants
	0.9
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.0
	0.0
	0.0
	0.0
	0.0
	1.0

	
	Open cycle gas turbines
	0.5
	0.0
	0.0
	5.2
	3.4
	0.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Biomass-fired power plants
	0.3
	0.3
	0.3
	0.3
	0.3
	2.5

	
	Wind turbines (Offshore)
	2.7
	2.7
	2.7
	2.7
	2.7
	6.7

	
	Wind turbines (Onshore)
	69.9
	59.1
	55.2
	73.8
	57.8
	8.3

	
	Photovoltaics
	0.8
	0.8
	0.8
	0.8
	0.8
	2.1

	Estonia
	Combined cycle gas turbines
	0.4
	0.4
	0.4
	0.3
	0.3
	1.0

	
	Open cycle gas turbines
	0.3
	0.7
	0.7
	0.7
	0.6
	0.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Biomass-fired power plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.5

	
	Wind turbines (Offshore)
	0.1
	1.4
	1.4
	1.6
	1.6
	1.4

	
	Wind turbines (Onshore)
	0.8
	0.3
	0.3
	0.3
	0.3
	3.7

	
	Photovoltaics
	0.0
	0.0
	0.0
	0.0
	0.0
	2.3

	Finland
	Nuclear power plants
	1.4
	0.0
	0.0
	0.0
	0.0
	6.4

	
	Hard coal-fired power plants
	0.6
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.5
	1.3
	1.2
	0.8
	0.9
	0.0

	
	Open cycle gas turbines
	0.5
	3.3
	3.4
	3.0
	3.1
	0.3

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	4.5

	
	Biomass-fired power plants
	3.1
	3.0
	3.0
	3.0
	3.0
	3.1

	
	Hydro Reservoir plants
	0.6
	0.6
	0.6
	0.6
	0.6
	1.9

	
	Wind turbines (Offshore)
	0.5
	5.6
	5.6
	8.2
	7.0
	3.8

	
	Wind turbines (Onshore)
	11.5
	2.0
	2.0
	2.0
	2.0
	15.6

	
	Photovoltaics
	0.1
	0.1
	0.1
	0.1
	0.1
	4.0




	France
	Nuclear power plants
	53.7
	0.0
	0.0
	0.0
	0.0
	14.4

	
	Hard coal-fired power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	5.4
	24.6
	24.6
	25.6
	26.3
	8.5

	
	Open cycle gas turbines
	2.4
	18.8
	18.8
	0.0
	0.0
	2.0

	
	Run-of-river plants
	6.1
	6.1
	6.1
	6.1
	6.1
	8.3

	
	Concentrated solar power plants
	0.0
	1.8
	1.8
	1.8
	1.8
	0.5

	
	Biomass-fired power plants
	3.9
	4.0
	4.0
	4.0
	4.0
	16.0

	
	Hydro Reservoir plants
	12.6
	12.6
	12.6
	12.6
	12.6
	14.6

	
	Wind turbines (Offshore)
	2.4
	38.5
	38.7
	11.1
	26.8
	14.6

	
	Wind turbines (Onshore)
	11.5
	11.5
	11.5
	11.5
	11.5
	69.7

	
	Photovoltaics
	8.5
	83.7
	83.2
	203.8
	156.2
	112.6

	Germany
	Lignite-fired power plants
	9.7
	3.0
	3.0
	3.0
	3.0
	0.0

	
	Hard coal-fired power plants
	8.4
	5.1
	5.1
	5.1
	5.1
	1.6

	
	Combined cycle gas turbines
	9.9
	10.0
	10.7
	12.3
	12.6
	13.0

	
	Open cycle gas turbines
	1.6
	22.6
	21.9
	0.2
	0.2
	3.0

	
	Run-of-river plants
	3.6
	4.4
	4.4
	4.2
	4.2
	4.2

	
	Biomass-fired power plants
	3.9
	3.8
	3.8
	3.8
	3.8
	12.1

	
	Hydro Reservoir plants
	0.7
	0.7
	0.7
	0.7
	0.7
	0.0

	
	Wind turbines (Offshore)
	6.4
	6.4
	6.4
	6.4
	6.4
	28.7

	
	Wind turbines (Onshore)
	95.1
	125.0
	121.6
	134.9
	135.1
	69.3

	
	Photovoltaics
	46.9
	155.7
	154.4
	190.6
	190.6
	73.7

	Greece
	Lignite-fired power plants
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	3.9
	2.1
	2.1
	2.8
	2.8
	6.0

	
	Open cycle gas turbines
	0.8
	0.0
	0.0
	0.0
	0.0
	1.0

	
	Run-of-river plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.2

	
	Concentrated solar power plants
	1.0
	3.9
	3.9
	3.9
	3.9
	1.1

	
	Biomass-fired power plants
	0.3
	0.3
	0.3
	0.3
	0.3
	2.3

	
	Hydro Reservoir plants
	3.1
	3.1
	3.1
	3.1
	3.1
	1.8

	
	Wind turbines (Offshore)
	0.9
	0.9
	0.9
	0.9
	0.9
	5.3

	
	Wind turbines (Onshore)
	1.9
	1.9
	1.9
	1.9
	1.9
	10.7

	
	Photovoltaics
	38.0
	14.0
	11.3
	26.1
	15.7
	21.7

	Hungary
	Nuclear power plants
	2.0
	0.0
	0.0
	0.0
	0.0
	1.6

	
	Combined cycle gas turbines
	1.1
	2.0
	2.1
	1.7
	2.0
	3.0

	
	Open cycle gas turbines
	0.9
	2.2
	2.1
	1.7
	1.3
	0.5

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Biomass-fired power plants
	0.6
	0.6
	0.6
	0.6
	0.6
	4.0

	
	Hydro Reservoir plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Wind turbines (Onshore)
	0.8
	0.8
	0.8
	0.8
	0.8
	5.0

	
	Photovoltaics
	0.1
	19.5
	19.5
	21.5
	21.5
	6.4

	Ireland
	Combined cycle gas turbines
	2.4
	0.8
	1.2
	0.0
	0.0
	3.5

	
	Open cycle gas turbines
	0.5
	0.0
	0.0
	4.6
	4.1
	0.5

	
	Run-of-river plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.2

	
	Biomass-fired power plants
	0.2
	0.2
	0.2
	0.2
	0.2
	0.5

	
	Hydro Reservoir plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0

	
	Wind turbines (Offshore)
	1.4
	1.4
	1.4
	1.4
	1.4
	5.4

	
	Wind turbines (Onshore)
	69.7
	42.8
	35.1
	43.1
	22.4
	8.4

	
	Photovoltaics
	0.0
	0.0
	0.0
	0.0
	0.0
	6.5

	Italy
	Hard coal-fired power plants
	5.8
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	35.7
	19.1
	18.6
	20.0
	19.4
	7.0

	
	Open cycle gas turbines
	1.9
	8.9
	9.4
	4.0
	4.8
	1.5

	
	Run-of-river plants
	2.7
	2.7
	2.7
	2.7
	2.7
	3.9

	
	Concentrated solar power plants
	0.0
	10.8
	10.8
	10.8
	10.8
	1.7

	
	Biomass-fired power plants
	1.8
	2.0
	2.0
	1.9
	1.9
	7.8

	
	Hydro Reservoir plants
	2.3
	2.3
	2.3
	2.3
	2.3
	12.2

	
	Wind turbines (Offshore)
	3.5
	3.5
	3.5
	3.5
	3.5
	11.0

	
	Wind turbines (Onshore)
	9.9
	9.9
	9.9
	9.9
	9.9
	31.0

	
	Photovoltaics
	84.2
	101.8
	102.0
	130.0
	130.3
	139.6

	Latvia
	Combined cycle gas turbines
	1.0
	0.5
	0.5
	0.5
	0.5
	2.0

	
	Open cycle gas turbines
	0.0
	0.4
	0.4
	0.5
	0.5
	0.5

	
	Run-of-river plants
	0.3
	0.3
	0.3
	0.3
	0.3
	1.5

	
	Biomass-fired power plants
	0.2
	0.2
	0.2
	0.2
	0.2
	1.3

	
	Hydro Reservoir plants
	1.3
	1.3
	1.3
	1.3
	1.3
	0.0

	
	Wind turbines (Offshore)
	0.1
	0.1
	0.1
	0.1
	0.1
	3.3

	
	Wind turbines (Onshore)
	2.0
	3.6
	3.6
	4.2
	4.2
	8.2

	
	Photovoltaics
	0.1
	0.1
	0.1
	0.1
	0.1
	4.9

	Lithuania
	Nuclear power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	1.6

	
	Combined cycle gas turbines
	0.6
	0.5
	0.5
	0.6
	0.5
	1.0

	
	Open cycle gas turbines
	0.0
	1.8
	1.9
	1.3
	1.5
	0.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.3

	
	Biomass-fired power plants
	0.3
	0.3
	0.3
	0.3
	0.3
	0.8

	
	Hydro Reservoir plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.0

	
	Wind turbines (Offshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.9

	
	Wind turbines (Onshore)
	4.8
	6.6
	6.6
	6.7
	6.7
	10.3

	
	Photovoltaics
	0.1
	0.1
	0.1
	0.1
	0.1
	4.7

	Luxembourg
	Combined cycle gas turbines
	0.4
	0.2
	0.3
	0.2
	0.3
	1.0

	
	Open cycle gas turbines
	0.0
	0.4
	0.4
	0.0
	0.0
	0.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	
	Biomass-fired power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.5

	
	Wind turbines (Onshore)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.7

	
	Photovoltaics
	0.1
	4.3
	4.3
	4.0
	4.0
	1.4

	Macedonia
	Combined cycle gas turbines
	0.3
	0.4
	0.4
	0.4
	0.4
	0.5

	
	Open cycle gas turbines
	0.0
	0.6
	0.5
	0.0
	0.0
	0.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Biomass-fired power plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.3

	
	Wind turbines (Onshore)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.7

	
	Photovoltaics
	0.0
	3.5
	3.5
	3.7
	3.7
	3.9

	Montenegro
	Combined cycle gas turbines
	0.0
	0.1
	0.1
	0.2
	0.2
	0.0

	
	Open cycle gas turbines
	0.0
	0.4
	0.3
	0.0
	0.0
	0.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	
	Wind turbines (Offshore)
	0.1
	0.1
	0.1
	0.1
	0.1
	0.2

	
	Wind turbines (Onshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.1

	
	Photovoltaics
	0.0
	1.2
	1.2
	1.3
	1.3
	0.6

	Morocco
	Hard coal-fired power plants
	2.1
	0.7
	0.7
	0.7
	0.7
	0.0

	
	Combined cycle gas turbines
	1.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Open cycle gas turbines
	0.7
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Concentrated solar power plants
	4.5
	18.9
	18.9
	24.4
	22.8
	12.9

	
	Biomass-fired power plants
	0.3
	0.4
	0.4
	0.4
	0.4
	0.4

	
	Wind turbines (Offshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Wind turbines (Onshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Photovoltaics
	0.0
	22.5
	31.1
	21.8
	56.9
	12.8

	Netherlands
	Nuclear power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	1.6

	
	Hard coal-fired power plants
	2.1
	0.8
	0.8
	0.8
	0.8
	0.0

	
	Combined cycle gas turbines
	6.7
	0.0
	0.0
	0.0
	0.0
	6.0

	
	Open cycle gas turbines
	0.7
	10.7
	10.7
	12.9
	10.0
	1.0

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Biomass-fired power plants
	0.3
	0.3
	0.3
	0.3
	0.3
	4.5

	
	Wind turbines (Offshore)
	2.4
	2.4
	2.4
	2.4
	2.4
	7.6

	
	Wind turbines (Onshore)
	74.0
	28.5
	28.5
	41.1
	31.6
	10.8

	
	Photovoltaics
	5.1
	5.1
	5.1
	5.1
	5.1
	50.6




	Norway
	Combined cycle gas turbines
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Open cycle gas turbines
	0.6
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Run-of-river plants
	4.7
	4.7
	4.7
	4.7
	4.7
	18.3

	
	Biomass-fired power plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.5

	
	Hydro Reservoir plants
	28.2
	28.2
	28.2
	28.2
	28.2
	27.7

	
	Wind turbines (Offshore)
	23.7
	0.9
	0.9
	0.9
	0.9
	5.9

	
	Wind turbines (Onshore)
	1.2
	1.2
	1.2
	1.2
	1.2
	7.4

	
	Photovoltaics
	0.0
	0.0
	0.0
	0.0
	0.0
	5.0

	Poland
	Nuclear power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	1.6

	
	Lignite-fired power plants
	2.1
	0.9
	0.9
	0.9
	0.9
	0.0

	
	Hard coal-fired power plants
	4.1
	0.1
	0.1
	0.1
	0.1
	0.0

	
	Combined cycle gas turbines
	0.8
	2.9
	2.9
	2.8
	3.2
	2.0

	
	Open cycle gas turbines
	0.1
	5.0
	5.0
	2.9
	0.8
	0.5

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.5

	
	Biomass-fired power plants
	2.0
	2.0
	2.0
	2.0
	1.9
	7.0

	
	Hydro Reservoir plants
	0.3
	0.3
	0.3
	0.3
	0.3
	0.0

	
	Wind turbines (Offshore)
	0.5
	17.6
	17.6
	21.4
	21.3
	2.4

	
	Wind turbines (Onshore)
	5.9
	5.9
	5.9
	5.9
	5.9
	27.7

	
	Photovoltaics
	0.5
	0.5
	0.5
	0.5
	0.5
	31.3

	Portugal
	Hard coal-fired power plants
	0.6
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	3.1
	2.0
	2.1
	2.0
	2.1
	2.5

	
	Open cycle gas turbines
	0.8
	0.1
	0.1
	0.1
	0.1
	0.5

	
	Run-of-river plants
	2.4
	2.4
	2.4
	2.4
	2.4
	1.9

	
	Concentrated solar power plants
	0.0
	1.4
	1.4
	1.7
	1.4
	0.5

	
	Biomass-fired power plants
	0.5
	0.5
	0.5
	0.5
	0.5
	1.5

	
	Hydro Reservoir plants
	2.4
	2.4
	2.4
	2.4
	2.4
	1.6

	
	Wind turbines (Offshore)
	1.2
	1.2
	1.2
	1.2
	1.2
	2.7

	
	Wind turbines (Onshore)
	4.1
	4.1
	4.1
	4.1
	4.1
	9.5

	
	Photovoltaics
	0.7
	2.6
	2.7
	5.0
	6.4
	23.8

	Romania
	Nuclear power plants
	1.4
	0.7
	0.7
	0.7
	0.7
	1.6

	
	Lignite-fired power plants
	0.2
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Hard coal-fired power plants
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	1.1
	1.8
	1.8
	2.3
	2.3
	2.5

	
	Open cycle gas turbines
	0.2
	0.0
	0.0
	0.0
	0.0
	0.5

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	2.2

	
	Biomass-fired power plants
	1.5
	1.4
	1.4
	1.5
	1.4
	3.0

	
	Hydro Reservoir plants
	3.3
	3.3
	3.3
	3.3
	3.3
	2.9

	
	Wind turbines (Offshore)
	0.3
	0.3
	0.3
	0.3
	0.3
	0.5

	
	Wind turbines (Onshore)
	3.9
	3.9
	3.9
	3.9
	3.9
	5.8

	
	Photovoltaics
	2.0
	2.0
	2.0
	4.3
	4.2
	6.6

	Serbia
	Lignite-fired power plants
	0.4
	0.0
	0.0
	0.0
	0.0
	0.8

	
	Combined cycle gas turbines
	0.0
	1.5
	1.6
	1.5
	1.7
	2.5

	
	Open cycle gas turbines
	0.0
	1.6
	1.6
	0.0
	0.0
	0.5

	
	Run-of-river plants
	0.0
	0.0
	0.0
	0.0
	0.0
	1.7

	
	Biomass-fired power plants
	0.2
	0.2
	0.2
	0.2
	0.2
	0.8

	
	Wind turbines (Onshore)
	0.5
	0.5
	0.5
	0.5
	0.5
	1.5

	
	Photovoltaics
	0.0
	13.1
	13.1
	14.1
	14.1
	6.4

	Slovakia
	Nuclear power plants
	2.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Lignite-fired power plants
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Hard coal-fired power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.6
	1.0
	1.0
	1.0
	1.1
	0.5

	
	Open cycle gas turbines
	0.1
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Run-of-river plants
	1.2
	1.2
	1.2
	1.2
	1.2
	0.7

	
	Biomass-fired power plants
	0.4
	0.4
	0.4
	0.4
	0.4
	1.5

	
	Hydro Reservoir plants
	0.3
	0.3
	0.3
	0.3
	0.3
	0.0

	
	Wind turbines (Onshore)
	0.1
	0.1
	0.1
	0.1
	0.1
	4.2

	
	Photovoltaics
	0.6
	5.3
	5.3
	6.4
	6.4
	5.2

	Slovenia
	Nuclear power plants
	0.7
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.0
	0.4
	0.4
	0.6
	0.7
	0.5

	
	Open cycle gas turbines
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Run-of-river plants
	0.2
	0.2
	0.2
	0.2
	0.2
	0.9

	
	Biomass-fired power plants
	0.2
	0.2
	0.2
	0.2
	0.2
	0.5

	
	Hydro Reservoir plants
	0.7
	0.7
	0.7
	0.7
	0.7
	0.0

	
	Wind turbines (Offshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Wind turbines (Onshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.5

	
	Photovoltaics
	0.3
	1.5
	1.5
	2.5
	2.5
	4.7

	Spain
	Nuclear power plants
	7.3
	0.0
	0.0
	0.0
	0.0
	3.2

	
	Lignite-fired power plants
	0.3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Hard coal-fired power plants
	0.8
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	26.9
	9.3
	8.1
	6.6
	3.2
	13.0

	
	Open cycle gas turbines
	1.9
	0.0
	0.0
	0.0
	0.0
	3.0

	
	Run-of-river plants
	1.5
	1.5
	1.5
	1.5
	1.5
	4.0

	
	Concentrated solar power plants
	0.0
	25.2
	26.5
	2.6
	6.0
	6.4

	
	Biomass-fired power plants
	1.5
	1.7
	1.7
	1.7
	1.7
	9.8

	
	Hydro Reservoir plants
	13.4
	13.4
	13.4
	13.4
	13.4
	10.9

	
	Wind turbines (Offshore)
	4.1
	4.1
	4.1
	4.1
	4.1
	8.1

	
	Wind turbines (Onshore)
	23.5
	23.5
	23.5
	23.5
	23.5
	46.0

	
	Photovoltaics
	132.2
	115.2
	108.7
	180.6
	194.9
	129.6

	Sweden
	Nuclear power plants
	5.9
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.8
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Open cycle gas turbines
	0.0
	1.4
	1.5
	0.0
	0.0
	0.0

	
	Run-of-river plants
	2.0
	2.0
	2.0
	2.0
	2.0
	5.2

	
	Biomass-fired power plants
	3.7
	3.7
	3.7
	3.7
	3.7
	5.5

	
	Hydro Reservoir plants
	13.2
	13.2
	13.2
	13.2
	13.2
	14.7

	
	Wind turbines (Offshore)
	2.4
	2.4
	2.4
	2.4
	2.4
	6.9

	
	Wind turbines (Onshore)
	5.4
	5.4
	5.4
	5.4
	5.4
	15.3

	
	Photovoltaics
	0.0
	0.0
	0.0
	0.0
	0.0
	6.8

	Switzerland
	Nuclear power plants
	1.3
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	0.2
	0.2
	0.0
	0.0
	0.0
	0.0

	
	Open cycle gas turbines
	0.0
	0.0
	0.0
	4.2
	4.0
	0.3

	
	Run-of-river plants
	5.2
	5.2
	5.2
	5.2
	5.2
	3.8

	
	Biomass-fired power plants
	0.2
	0.2
	0.2
	0.2
	0.2
	1.5

	
	Hydro Reservoir plants
	11.7
	11.7
	11.7
	11.7
	11.7
	7.6

	
	Wind turbines (Onshore)
	0.1
	0.1
	0.1
	0.1
	0.1
	1.4

	
	Photovoltaics
	1.8
	1.8
	1.8
	1.8
	1.8
	24.0

	Tunisia
	Combined cycle gas turbines
	0.9
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Open cycle gas turbines
	1.2
	0.3
	0.3
	0.3
	0.3
	0.0

	
	Concentrated solar power plants
	2.6
	20.1
	19.1
	25.2
	25.2
	6.4

	
	Biomass-fired power plants
	0.1
	0.1
	0.1
	0.1
	0.1
	0.1

	
	Wind turbines (Offshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Wind turbines (Onshore)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Photovoltaics
	0.0
	10.2
	7.7
	7.6
	7.8
	3.7

	United Kingdom
	Nuclear power plants
	8.0
	0.0
	0.0
	0.0
	0.0
	11.2

	
	Hard coal-fired power plants
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	
	Combined cycle gas turbines
	15.7
	11.3
	10.9
	10.5
	10.8
	14.0

	
	Open cycle gas turbines
	1.3
	20.8
	21.0
	22.4
	17.7
	3.0

	
	Run-of-river plants
	0.9
	0.9
	0.9
	0.9
	0.9
	0.6

	
	Biomass-fired power plants
	1.6
	1.5
	1.5
	1.5
	1.5
	5.5

	
	Hydro Reservoir plants
	0.3
	0.3
	0.3
	0.3
	0.3
	2.7

	
	Wind turbines (Offshore)
	16.0
	16.0
	16.0
	16.0
	16.0
	41.6

	
	Wind turbines (Onshore)
	37.5
	49.9
	52.1
	67.0
	66.8
	30.2

	
	Photovoltaics
	7.6
	7.6
	7.6
	7.6
	7.6
	69.4




Table S6: Annual power demand of different European scenario narratives in TWh
	 Country
	Technology
	55%-Base
	85%-Base
	85%-CSP
	85%-H2
	85%-CSP&H2
	85%-eHighway

	Albania
	Conventional electrical consumers
	11.5
	14.6
	14.6
	14.6
	14.6
	14.6

	 
	Electrolyzers
	0.0
	0.0
	0.0
	0.9
	0.9
	0.0

	 
	Electric vehicles
	0.3
	1.0
	1.0
	0.4
	0.4
	1.0

	 
	Electric heat boilers
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	 
	Heat pumps
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	Algeria
	Conventional electrical consumers
	101.4
	178.6
	178.6
	178.6
	178.6
	178.6

	 
	Electrolyzers
	0.0
	0.0
	0.0
	2.1
	2.1
	0.0

	 
	Electric vehicles
	0.6
	5.5
	5.5
	1.2
	1.2
	5.5

	 
	Heat pumps
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Austria
	Conventional electrical consumers
	70.1
	51.2
	51.2
	51.2
	51.2
	51.2

	 
	Electrolyzers
	0.0
	0.0
	0.0
	9.3
	9.3
	0.0

	 
	Electric vehicles
	2.7
	9.0
	9.0
	4.0
	4.0
	9.0

	 
	Electric heat boilers
	0.6
	2.0
	2.0
	2.0
	2.0
	2.0

	 
	Heat pumps
	0.2
	2.4
	2.4
	2.4
	2.4
	2.4

	Belgium
	Conventional electrical consumers
	87.1
	72.8
	72.8
	72.8
	72.8
	72.8

	 
	Electrolyzers
	0.0
	0.0
	0.0
	13.9
	13.9
	0.0

	 
	Electric vehicles
	3.6
	12.0
	12.0
	6.0
	6.0
	12.0

	 
	Electric heat boilers
	0.9
	3.0
	3.0
	3.0
	3.0
	3.0

	 
	Heat pumps
	0.5
	5.3
	5.3
	5.3
	5.3
	5.3

	Bosnia Herzegovina
	Conventional electrical consumers
	15.3
	9.6
	9.6
	9.6
	9.6
	9.6

	 
	Electrolyzers
	0.0
	0.0
	0.0
	0.9
	0.9
	0.0

	 
	Electric vehicles
	0.3
	1.0
	1.0
	0.4
	0.4
	1.0

	 
	Electric heat boilers
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	 
	Heat pumps
	0.0
	0.3
	0.3
	0.3
	0.3
	0.3

	Bulgaria
	Conventional electrical consumers
	39.3
	23.2
	23.2
	23.2
	23.2
	23.2

	 
	Electrolyzers
	0.0
	0.0
	0.0
	4.6
	4.6
	0.0

	 
	Electric vehicles
	1.2
	4.0
	4.0
	2.0
	2.0
	4.0

	 
	Electric heat boilers
	0.2
	0.5
	0.5
	0.5
	0.5
	0.5

	 
	Heat pumps
	0.0
	0.4
	0.4
	0.4
	0.4
	0.4

	Croatia
	Conventional electrical consumers
	20.9
	13.9
	13.9
	13.9
	13.9
	13.9

	 
	Electrolyzers
	0.0
	0.0
	0.0
	4.6
	4.6
	0.0

	 
	Electric vehicles
	1.2
	4.0
	4.0
	2.0
	2.0
	4.0

	 
	Electric heat boilers
	0.2
	0.5
	0.5
	0.5
	0.5
	0.5

	 
	Heat pumps
	0.0
	0.3
	0.3
	0.3
	0.3
	0.3

	Czech Republic
	Conventional electrical consumers
	69.8
	42.8
	42.8
	42.8
	42.8
	42.8

	 
	Electrolyzers
	0.0
	0.0
	0.0
	9.3
	9.3
	0.0

	 
	Electric vehicles
	2.1
	7.0
	7.0
	4.0
	4.0
	7.0

	 
	Electric heat boilers
	0.8
	2.5
	2.5
	2.5
	2.5
	2.5

	 
	Heat pumps
	0.2
	2.5
	2.5
	2.5
	2.5
	2.5

	Denmark
	Conventional electrical consumers
	38.6
	22.7
	22.7
	22.7
	22.7
	22.7

	 
	Electrolyzers
	0.0
	0.0
	0.0
	7.0
	7.0
	0.0

	 
	Electric vehicles
	1.8
	6.0
	6.0
	3.0
	3.0
	6.0

	 
	Electric heat boilers
	0.3
	1.0
	1.0
	1.0
	1.0
	1.0

	 
	Heat pumps
	0.1
	1.6
	1.6
	1.6
	1.6
	1.6




	Estonia
	Conventional electrical consumers
	10.3
	8.6
	8.6
	8.6
	8.6
	8.6

	 
	Electrolyzers
	0.0
	0.0
	0.0
	1.2
	1.2
	0.0

	 
	Electric vehicles
	0.3
	1.0
	1.0
	0.5
	0.5
	1.0

	 
	Electric heat boilers
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	 
	Heat pumps
	0.0
	0.3
	0.3
	0.3
	0.3
	0.3

	Finland
	Conventional electrical consumers
	88.7
	59.1
	59.1
	59.1
	59.1
	59.1

	 
	Electrolyzers
	0.0
	0.0
	0.0
	7.0
	7.0
	0.0

	 
	Electric vehicles
	1.8
	6.0
	6.0
	3.0
	3.0
	6.0

	 
	Electric heat boilers
	0.6
	2.0
	2.0
	2.0
	2.0
	2.0

	 
	Heat pumps
	0.1
	1.6
	1.6
	1.6
	1.6
	1.6

	France
	Conventional electrical consumers
	466.2
	415.0
	415.0
	415.0
	415.0
	415.0

	 
	Electrolyzers
	0.0
	0.0
	0.0
	85.8
	85.8
	0.0

	 
	Electric vehicles
	21.9
	73.0
	73.0
	37.0
	37.0
	73.0

	 
	Electric heat boilers
	1.2
	4.0
	4.0
	4.0
	4.0
	4.0

	 
	Heat pumps
	2.0
	22.3
	22.3
	22.3
	22.3
	22.3

	Germany
	Conventional electrical consumers
	512.2
	382.4
	382.4
	382.4
	382.4
	382.4

	 
	Electrolyzers
	0.0
	0.0
	0.0
	102.0
	102.0
	0.0

	 
	Electric vehicles
	24.9
	83.0
	83.0
	44.0
	44.0
	83.0

	 
	Electric heat boilers
	6.3
	40.3
	40.3
	40.3
	40.3
	40.3

	 
	Heat pumps
	10.0
	27.7
	27.7
	27.7
	27.7
	27.7

	Greece
	Conventional electrical consumers
	57.8
	45.7
	45.7
	45.7
	45.7
	45.7

	 
	Electrolyzers
	0.0
	0.0
	0.0
	9.3
	9.3
	0.0

	 
	Electric vehicles
	2.4
	8.0
	8.0
	4.0
	4.0
	8.0

	 
	Electric heat boilers
	0.1
	0.4
	0.4
	0.4
	0.4
	0.4

	 
	Heat pumps
	0.0
	0.6
	0.6
	0.6
	0.6
	0.6

	Hungary
	Conventional electrical consumers
	46.4
	37.4
	37.4
	37.4
	37.4
	37.4

	 
	Electrolyzers
	0.0
	0.0
	0.0
	4.6
	4.6
	0.0

	 
	Electric vehicles
	1.2
	4.0
	4.0
	2.0
	2.0
	4.0

	 
	Electric heat boilers
	0.3
	1.0
	1.0
	1.0
	1.0
	1.0

	 
	Heat pumps
	0.1
	1.6
	1.6
	1.6
	1.6
	1.6

	Ireland
	Conventional electrical consumers
	29.4
	21.4
	21.4
	21.4
	21.4
	21.4

	 
	Electrolyzers
	0.0
	0.0
	0.0
	9.3
	9.3
	0.0

	 
	Electric vehicles
	2.4
	8.0
	8.0
	4.0
	4.0
	8.0

	 
	Electric heat boilers
	0.3
	1.0
	1.0
	1.0
	1.0
	1.0

	 
	Heat pumps
	0.1
	1.5
	1.5
	1.5
	1.5
	1.5

	Italy
	Conventional electrical consumers
	330.5
	309.3
	309.3
	309.3
	309.3
	309.3

	 
	Electrolyzers
	0.0
	0.0
	0.0
	74.2
	74.2
	0.0

	 
	Electric vehicles
	18.6
	62.0
	62.0
	32.0
	32.0
	62.0

	 
	Electric heat boilers
	2.4
	8.0
	8.0
	8.0
	8.0
	8.0

	 
	Heat pumps
	1.0
	10.6
	10.6
	10.6
	10.6
	10.6

	Latvia
	Conventional electrical consumers
	8.2
	14.1
	14.1
	14.1
	14.1
	14.1

	 
	Electrolyzers
	0.0
	0.0
	0.0
	2.3
	2.3
	0.0

	 
	Electric vehicles
	0.6
	2.0
	2.0
	1.0
	1.0
	2.0

	 
	Electric heat boilers
	0.2
	0.5
	0.5
	0.5
	0.5
	0.5

	 
	Heat pumps
	0.0
	0.5
	0.5
	0.5
	0.5
	0.5

	Lithuania
	Conventional electrical consumers
	11.3
	20.3
	20.3
	20.3
	20.3
	20.3

	 
	Electrolyzers
	0.0
	0.0
	0.0
	2.3
	2.3
	0.0

	 
	Electric vehicles
	0.9
	3.0
	3.0
	1.0
	1.0
	3.0

	 
	Electric heat boilers
	0.1
	0.4
	0.4
	0.4
	0.4
	0.4

	 
	Heat pumps
	0.1
	0.6
	0.6
	0.6
	0.6
	0.6

	Luxembourg
	Conventional electrical consumers
	7.4
	5.2
	5.2
	5.2
	5.2
	5.2

	 
	Electrolyzers
	0.0
	0.0
	0.0
	0.5
	0.5
	0.0

	 
	Electric vehicles
	0.3
	1.0
	1.0
	0.2
	0.2
	1.0

	 
	Electric heat boilers
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	 
	Heat pumps
	0.0
	0.2
	0.2
	0.2
	0.2
	0.2




	Macedonia
	Conventional electrical consumers
	11.1
	6.2
	6.2
	6.2
	6.2
	6.2

	 
	Electrolyzers
	0.0
	0.0
	0.0
	0.9
	0.9
	0.0

	 
	Electric vehicles
	0.3
	1.0
	1.0
	0.4
	0.4
	1.0

	 
	Electric heat boilers
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	 
	Heat pumps
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	Montenegro
	Conventional electrical consumers
	4.6
	2.5
	2.5
	2.5
	2.5
	2.5

	 
	Electrolyzers
	0.0
	0.0
	0.0
	0.2
	0.2
	0.0

	 
	Electric vehicles
	0.1
	0.2
	0.2
	0.1
	0.1
	0.2

	 
	Heat pumps
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Morocco
	Conventional electrical consumers
	74.2
	130.0
	130.0
	130.0
	130.0
	130.0

	 
	Electrolyzers
	0.0
	0.0
	0.0
	2.1
	2.1
	0.0

	 
	Electric vehicles
	0.5
	5.0
	5.0
	1.2
	1.2
	5.0

	 
	Heat pumps
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	Netherlands
	Conventional electrical consumers
	114.9
	97.0
	97.0
	97.0
	97.0
	97.0

	 
	Electrolyzers
	0.0
	0.0
	0.0
	16.2
	16.2
	0.0

	 
	Electric vehicles
	4.2
	14.0
	14.0
	7.0
	7.0
	14.0

	 
	Electric heat boilers
	1.4
	4.5
	4.5
	4.5
	4.5
	4.5

	 
	Heat pumps
	0.6
	7.1
	7.1
	7.1
	7.1
	7.1

	Norway
	Conventional electrical consumers
	143.4
	86.5
	86.5
	86.5
	86.5
	86.5

	 
	Electrolyzers
	0.0
	0.0
	0.0
	7.0
	7.0
	0.0

	 
	Electric vehicles
	1.8
	6.0
	6.0
	3.0
	3.0
	6.0

	 
	Electric heat boilers
	0.1
	0.4
	0.4
	0.4
	0.4
	0.4

	 
	Heat pumps
	0.1
	1.6
	1.6
	1.6
	1.6
	1.6

	Poland
	Conventional electrical consumers
	164.0
	90.2
	90.2
	90.2
	90.2
	90.2

	 
	Electrolyzers
	0.0
	0.0
	0.0
	27.8
	27.8
	0.0

	 
	Electric vehicles
	7.5
	25.0
	25.0
	12.0
	12.0
	25.0

	 
	Electric heat boilers
	1.4
	4.5
	4.5
	4.5
	4.5
	4.5

	 
	Heat pumps
	0.5
	5.6
	5.6
	5.6
	5.6
	5.6

	Portugal
	Conventional electrical consumers
	56.8
	45.0
	45.0
	45.0
	45.0
	45.0

	 
	Electrolyzers
	0.0
	0.0
	0.0
	9.3
	9.3
	0.0

	 
	Electric vehicles
	2.1
	7.0
	7.0
	4.0
	4.0
	7.0

	 
	Electric heat boilers
	0.3
	1.0
	1.0
	1.0
	1.0
	1.0

	 
	Heat pumps
	0.1
	0.6
	0.6
	0.6
	0.6
	0.6

	Romania
	Conventional electrical consumers
	55.8
	35.6
	35.6
	35.6
	35.6
	35.6

	 
	Electrolyzers
	0.0
	0.0
	0.0
	11.6
	11.6
	0.0

	 
	Electric vehicles
	3.6
	12.0
	12.0
	5.0
	5.0
	12.0

	 
	Electric heat boilers
	0.6
	2.0
	2.0
	2.0
	2.0
	2.0

	 
	Heat pumps
	0.2
	2.0
	2.0
	2.0
	2.0
	2.0

	Serbia
	Conventional electrical consumers
	43.9
	22.0
	22.0
	22.0
	22.0
	22.0

	 
	Electrolyzers
	0.0
	0.0
	0.0
	4.6
	4.6
	0.0

	 
	Electric vehicles
	1.5
	5.0
	5.0
	2.0
	2.0
	5.0

	 
	Electric heat boilers
	0.0
	0.1
	0.1
	0.1
	0.1
	0.1

	 
	Heat pumps
	0.1
	0.9
	0.9
	0.9
	0.9
	0.9

	Slovakia
	Conventional electrical consumers
	30.6
	16.4
	16.4
	16.4
	16.4
	16.4

	 
	Electrolyzers
	0.0
	0.0
	0.0
	2.3
	2.3
	0.0

	 
	Electric vehicles
	0.6
	2.0
	2.0
	1.0
	1.0
	2.0

	 
	Electric heat boilers
	0.3
	1.0
	1.0
	1.0
	1.0
	1.0

	 
	Heat pumps
	0.1
	0.6
	0.6
	0.6
	0.6
	0.6

	Slovenia
	Conventional electrical consumers
	15.2
	8.9
	8.9
	8.9
	8.9
	8.9

	 
	Electrolyzers
	0.0
	0.0
	0.0
	2.3
	2.3
	0.0

	 
	Electric vehicles
	0.6
	2.0
	2.0
	1.0
	1.0
	2.0

	 
	Electric heat boilers
	0.2
	0.5
	0.5
	0.5
	0.5
	0.5

	 
	Heat pumps
	0.0
	0.3
	0.3
	0.3
	0.3
	0.3




	Spain
	Conventional electrical consumers
	361.1
	326.2
	326.2
	326.2
	326.2
	326.2

	 
	Electrolyzers
	0.0
	0.0
	0.0
	58.0
	58.0
	0.0

	 
	Electric vehicles
	17.1
	57.0
	57.0
	25.0
	25.0
	57.0

	 
	Electric heat boilers
	1.5
	5.0
	5.0
	5.0
	5.0
	5.0

	 
	Heat pumps
	0.4
	4.8
	4.8
	4.8
	4.8
	4.8

	Sweden
	Conventional electrical consumers
	141.7
	95.4
	95.4
	95.4
	95.4
	95.4

	 
	Electrolyzers
	0.0
	0.0
	0.0
	13.9
	13.9
	0.0

	 
	Electric vehicles
	3.6
	12.0
	12.0
	6.0
	6.0
	12.0

	 
	Electric heat boilers
	0.9
	3.0
	3.0
	3.0
	3.0
	3.0

	 
	Heat pumps
	0.3
	3.9
	3.9
	3.9
	3.9
	3.9

	Switzerland
	Conventional electrical consumers
	66.2
	51.3
	51.3
	51.3
	51.3
	51.3

	 
	Electrolyzers
	0.0
	0.0
	0.0
	9.3
	9.3
	0.0

	 
	Electric vehicles
	2.1
	7.0
	7.0
	4.0
	4.0
	7.0

	 
	Electric heat boilers
	0.5
	1.5
	1.5
	1.5
	1.5
	1.5

	 
	Heat pumps
	0.2
	2.8
	2.8
	2.8
	2.8
	2.8

	Tunisia
	Conventional electrical consumers
	29.0
	50.7
	50.7
	50.7
	50.7
	50.7

	 
	Electrolyzers
	0.0
	0.0
	0.0
	0.5
	0.5
	0.0

	 
	Electric vehicles
	0.2
	2.0
	2.0
	0.5
	0.5
	2.0

	 
	Heat pumps
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0

	United Kingdom
	Conventional electrical consumers
	338.9
	250.5
	250.5
	250.5
	250.5
	250.5

	 
	Electrolyzers
	0.0
	0.0
	0.0
	92.8
	92.8
	0.0

	 
	Electric vehicles
	24.0
	80.0
	80.0
	40.0
	40.0
	80.0

	 
	Electric heat boilers
	2.3
	7.5
	7.5
	7.5
	7.5
	7.5

	 
	Heat pumps
	0.9
	9.8
	9.8
	9.8
	9.8
	9.8



Table S7: Country specific carbon dioxide emission budgets for the power sector used in modeling step 1 in Mt
	
	55%
	85%

	Albania
	0.02
	0.01

	Austria
	13.3
	4.0

	Belgium
	17.4
	5.5

	Bosnia-Herzegovina
	3.5
	0.7

	Bulgaria
	9.0
	1.9

	Croatia
	3.8
	1.3

	Czech Republic
	16.3
	3.9

	Germany
	122.8
	35.6

	Denmark
	9.1
	2.2

	Estonia
	2.4
	0.6

	Finland
	13.0
	2.7

	France
	56.7
	34.4

	Greece
	13.5
	3.8

	Hungary
	10.7
	3.0

	Ireland
	7.4
	2.3

	Italy
	79.9
	27.5

	Latvia
	1.7
	0.9

	Lithuania
	2.8
	1.3

	Luxembourg
	1.0
	0.3

	Macedonia
	2.5
	0.5

	Montenegro
	1.0
	0.2

	Netherlands
	26.8
	8.2

	Norway
	2.7
	2.9

	Poland
	39.0
	8.9

	Portugal
	13.3
	3.8

	Romania
	13.6
	3.6

	Serbia
	10.1
	1.9

	Slovakia
	7.0
	1.4

	Slovenia
	3.2
	0.8

	Spain
	77.3
	24.4

	Sweden
	10.5
	5.2

	Switzerland
	2.4
	2.4

	United Kingdom
	83.4
	25.2

	Algeria
	29.4
	22.1

	Morocco
	19.5
	18.6

	Tunisia
	8.9
	6.0

	Total
	734.7
	268.0



Table S8: Data table corresponding to Figure 4 of the original article manuscript
	
	Deviation of total system costs
(compared to corresponding reference)
	Backup capacity (GW)

	85%-Ref:eHighway
	0.0%
	173.4

	eHighway
	-7.8%
	8.7

	55%-Ref
	0.0%
	142.1

	55%-Base
	-7.7%
	66.7

	85%-Ref
	0.0%
	241.7

	85%-Base
	-9.7%
	80.8

	CSP
	-10.6%
	45.4

	H2
	-2.4%
	111.3

	CSP&H2
	-3.5%
	44.8



Table S9: Data table corresponding to Figure 5 of the original article manuscript
	
	Power transmission investments (Bn.€)
	Storage investments (Bn.€)

	55%-Base
	6.5
	0.8

	eHighway
	5.6
	1.5

	Base:Trend
	6.6
	1.2

	Base:Protest
	7.8
	1.0

	Base:Smart
	6.8
	1.7

	CSP&H2:Trend
	13.0
	2.1

	CSP&H2:Protest
	18.2
	1.0

	CSP&H2:Smart
	18.1
	2.7

	CSP:Trend
	9.1
	1.1

	CSP:Protest
	13.4
	1.0

	CSP:Smart
	13.0
	1.7

	H2:Trend
	8.3
	2.1

	H2:Protest
	8.9
	1.0

	H2:Smart2006
	7.5
	3.1

	H2:Smart2007
	7.9
	3.1

	H2:Smart2008
	7.7
	3.3

	H2:Smart2009
	7.0
	3.2

	H2:Smart2010
	7.4
	3.0

	H2:Smart2011
	7.5
	3.2

	H2:Smart2012
	7.1
	3.4




Table S10: Data table corresponding to Figure 6 A (left) of the original article manuscript
	
	H2
	CSP
	Base

	Gas turbines (GW)
	111.3
	45.4
	80.8

	Gas turbines (CF%)
	21.2
	14.7
	17.8

	CCGT (CF%)
	66.8
	45.5
	60.4

	H2-caverns (GWh)
	115.8
	
	

	Li-Batteries (GW)
	13.9
	0.0
	0.3

	CSP (GW)
	97.1
	161.4
	107.4

	Pumped hydro (GWh)
	146.0
	85.0
	146.0

	Pumped hydro (CF%)
	12.1
	11.5
	11.4

	Wind+PV (GW)
	1443.8
	1117.8
	1131.0

	Wind+PV Curt.(%)
	0.2
	0.1
	0.1

	CO2 (Mio. t)
	662.5
	510.6
	601.4

	Grid expansion (TW km)
	202.4
	234.5
	161.9



Table S11: Data table corresponding to Figure 6 B (right) of the original article manuscript
	
	CSP&H2:Trend
	CSP&H2:Smart
	CSP&H2:Protest

	Gas turbines (GW)
	44.8
	76.4
	128.8

	Gas turbines (CF%)
	15.3
	13.6
	26.5

	CCGT (CF%)
	44.5
	43.9
	70.5

	H2-caverns (GWh)
	110.0
	195.3
	0.0

	Li-Batteries (GW)
	2.2
	82.0
	52.8

	CSP (GW)
	189.5
	107.3
	122.4

	Pumped hydro (GWh)
	146.0
	154.0
	0.0

	Pumped hydro (CF%)
	13.3
	15.1
	9.3

	Wind+PV (GW)
	1407.8
	1711.1
	1407.8

	Wind+PV Curt.(%)
	0.0
	3.0
	2.7

	CO2 (Mio. t)
	517.3
	519.7
	712.8

	Grid expansion (TW km)
	355.4
	121.5
	124.7





Table S12: Data table corresponding to Figure 7 of the original article manuscript
	
	85%-Base:
Transp.Mdl
	85%-Base:
DC-Power-Flow
	85%-Base:
PTDF
	85%-Base:
PTDF_LC

	Gas turbines (GW)
	80.5
	80.6
	80.6
	80.1

	Gas turbines (CF%)
	17.6
	17.8
	17.8
	17.7

	CCGT (CF%)
	60.4
	60.4
	60.8
	60.9

	H2-caverns (GWh)
	
	
	
	

	Li-Batteries (GW)
	0.0
	0.0
	0.0
	0.0

	CSP (GW)
	107.4
	107.4
	107.4
	107.4

	Pumped hydro (GWh)
	148.0
	146.0
	146.0
	116.8

	Pumped hydro (CF%)
	11.5
	11.4
	11.3
	11.0

	Wind+PV (GW)
	1131.0
	1131.0
	1131.0
	1131.0

	Wind+PV Curt.(%)
	0.1
	0.1
	0.1
	0.1

	CO2 (Mio. t)
	600.2
	601.2
	601.9
	601.0

	Grid expansion (TW km)
	143.9
	139.8
	126.7
	217.5





[bookmark: _GoBack]Table S13: Data table corresponding to Figure 8 of the original article manuscript (part 1) in % of total system costs
	
	55
	55
	55
	55
	55
	85
	85
	85
	85
	85
	85
	85
	85
	85
	85

	
	Base
	Base
	Base
	Base
	Base
	Base
	Base
	Base
	Base
	Base
	Base
	Base
	CSP
	CSP
	CSP

	
	DC-Power-Flow
	PTDF
	PTDF_LC
	Transp.Mdl
	Trend
	DC-Power-Flow
	Protest
	PTDF
	PTDF_LC
	Smart
	Transp.Mdl
	Trend
	Protest
	Smart
	Trend

	Albania
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.06
	0.05
	0.02

	Algeria
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03
	0.00
	0.43
	0.26
	0.26

	Austria
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00

	Belgium
	0.01
	0.01
	0.02
	0.01
	0.02
	0.01
	0.02
	0.02
	0.03
	0.04
	0.01
	0.02
	0.01
	0.04
	0.01

	Bosnia Herzegovina
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.07
	0.04
	0.02

	Bulgaria
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04
	0.00

	Croatia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02

	Czech Republic
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.07
	0.03

	Denmark
	0.17
	0.14
	0.13
	0.15
	0.17
	0.18
	0.19
	0.14
	0.13
	0.10
	0.16
	0.19
	0.26
	0.20
	0.16

	Estonia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Finland
	0.01
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	France
	0.16
	0.17
	0.20
	0.16
	0.18
	0.21
	0.06
	0.22
	0.28
	0.10
	0.23
	0.24
	0.06
	0.13
	0.20

	Germany
	0.15
	0.11
	0.22
	0.13
	0.19
	0.17
	0.48
	0.13
	0.27
	0.35
	0.16
	0.22
	0.64
	0.64
	0.28

	Greece
	0.01
	0.01
	0.01
	0.01
	0.01
	0.00
	0.01
	0.00
	0.01
	0.02
	0.00
	0.00
	0.00
	0.00
	0.00

	Hungary
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01

	Ireland
	0.21
	0.21
	0.21
	0.21
	0.21
	0.21
	0.05
	0.21
	0.21
	0.02
	0.21
	0.21
	0.12
	0.05
	0.16

	Italy
	0.02
	0.02
	0.05
	0.01
	0.02
	0.13
	0.03
	0.12
	0.16
	0.06
	0.11
	0.12
	0.08
	0.09
	0.18

	Latvia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lithuania
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.01

	Luxembourg
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Macedonia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.02
	0.01
	0.02

	Montenegro
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Morocco
	0.00
	0.00
	0.00
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.00
	0.16
	0.12
	0.17

	Netherlands
	0.03
	0.03
	0.03
	0.02
	0.03
	0.02
	0.12
	0.01
	0.02
	0.07
	0.02
	0.03
	0.12
	0.12
	0.09

	Norway
	0.06
	0.06
	0.06
	0.06
	0.06
	0.06
	0.14
	0.06
	0.06
	0.09
	0.06
	0.06
	0.14
	0.19
	0.07

	Poland
	0.08
	0.06
	0.07
	0.07
	0.08
	0.05
	0.08
	0.02
	0.04
	0.09
	0.03
	0.06
	0.08
	0.09
	0.06

	Portugal
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.05
	0.03
	0.00

	Romania
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Serbia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Slovakia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Slovenia
	0.01
	0.01
	0.02
	0.01
	0.01
	0.01
	0.00
	0.00
	0.02
	0.01
	0.00
	0.01
	0.07
	0.07
	0.04

	Spain
	0.05
	0.05
	0.07
	0.06
	0.05
	0.08
	0.04
	0.08
	0.11
	0.07
	0.10
	0.08
	0.05
	0.04
	0.11

	Sweden
	0.04
	0.04
	0.04
	0.04
	0.04
	0.03
	0.08
	0.02
	0.02
	0.08
	0.02
	0.03
	0.07
	0.07
	0.02

	Switzerland
	0.00
	0.00
	0.03
	0.00
	0.01
	0.00
	0.01
	0.00
	0.03
	0.04
	0.00
	0.01
	0.07
	0.08
	0.01

	Tunisia
	0.00
	0.01
	0.01
	0.00
	0.00
	0.13
	0.08
	0.12
	0.15
	0.07
	0.12
	0.12
	0.26
	0.27
	0.20

	UK
	0.09
	0.09
	0.09
	0.09
	0.10
	0.10
	0.06
	0.09
	0.09
	0.08
	0.09
	0.11
	0.12
	0.22
	0.16

	Total
	1.09
	1.02
	1.27
	1.09
	1.18
	1.40
	1.45
	1.27
	1.65
	1.31
	1.43
	1.52
	3.01
	2.96
	2.31




Table S14: Data table corresponding to Figure 8 of the original article manuscript (part 2)
	
	85
	85
	85
	85
	85
	85
	85
	85
	85
	85
	85
	85

	
	CSP&H2
	CSP&H2
	CSP&H2
	H2
	H2
	H2
	H2
	H2
	H2
	H2
	H2
	H2

	
	Protest
	Smart
	Trend
	Protest
	Smart2006
	Smart2007
	Smart2008
	Smart2009
	Smart2010
	Smart2011
	Smart2012
	Trend

	Albania
	0.05
	0.06
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Algeria
	0.58
	0.42
	0.41
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Austria
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Belgium
	0.02
	0.06
	0.02
	0.03
	0.05
	0.05
	0.05
	0.04
	0.04
	0.05
	0.05
	0.02

	Bosnia Herzegovina
	0.06
	0.06
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Bulgaria
	0.06
	0.07
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Croatia
	0.06
	0.02
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Czech Republic
	0.10
	0.11
	0.05
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Denmark
	0.25
	0.19
	0.17
	0.16
	0.09
	0.09
	0.09
	0.09
	0.08
	0.09
	0.09
	0.23

	Estonia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Finland
	0.00
	0.01
	0.01
	0.00
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00
	0.01
	0.00

	France
	0.13
	0.21
	0.29
	0.11
	0.11
	0.13
	0.12
	0.10
	0.11
	0.10
	0.11
	0.26

	Germany
	0.70
	0.72
	0.34
	0.45
	0.36
	0.38
	0.35
	0.33
	0.32
	0.35
	0.34
	0.25

	Greece
	0.00
	0.01
	0.00
	0.02
	0.03
	0.02
	0.03
	0.02
	0.03
	0.02
	0.02
	0.01

	Hungary
	0.00
	0.01
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Ireland
	0.09
	0.05
	0.09
	0.04
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.02
	0.20

	Italy
	0.07
	0.09
	0.18
	0.03
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.05
	0.15

	Latvia
	0.00
	0.00
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Lithuania
	0.00
	0.01
	0.01
	0.00
	0.01
	0.02
	0.02
	0.01
	0.02
	0.01
	0.02
	0.01

	Luxembourg
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Macedonia
	0.01
	0.01
	0.03
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Montenegro
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Morocco
	0.28
	0.30
	0.44
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Netherlands
	0.15
	0.18
	0.11
	0.11
	0.07
	0.08
	0.08
	0.07
	0.07
	0.08
	0.08
	0.03

	Norway
	0.08
	0.19
	0.06
	0.11
	0.08
	0.08
	0.08
	0.08
	0.07
	0.08
	0.08
	0.06

	Poland
	0.08
	0.10
	0.06
	0.08
	0.10
	0.11
	0.11
	0.08
	0.09
	0.11
	0.10
	0.08

	Portugal
	0.04
	0.04
	0.01
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Romania
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Serbia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Slovakia
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Slovenia
	0.06
	0.07
	0.05
	0.00
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01
	0.01

	Spain
	0.09
	0.10
	0.14
	0.05
	0.07
	0.07
	0.07
	0.07
	0.06
	0.07
	0.07
	0.09

	Sweden
	0.07
	0.09
	0.04
	0.07
	0.08
	0.09
	0.09
	0.07
	0.07
	0.08
	0.08
	0.04

	Switzerland
	0.06
	0.10
	0.01
	0.01
	0.04
	0.05
	0.04
	0.04
	0.04
	0.03
	0.04
	0.01

	Tunisia
	0.36
	0.39
	0.21
	0.07
	0.06
	0.05
	0.06
	0.05
	0.06
	0.06
	0.03
	0.15

	UK
	0.13
	0.26
	0.25
	0.08
	0.08
	0.08
	0.08
	0.08
	0.07
	0.08
	0.08
	0.16

	Total
	3.60
	3.93
	3.08
	1.44
	1.30
	1.39
	1.36
	1.22
	1.23
	1.30
	1.27
	1.74





Table S15: Total system costs of all scenarios 
	Scenario name
	System costs relative to 85%-Ref (at 389 Bn.€) in %

	eHighway-Ref
	42.60

	eHighway
	31.48

	55%-Ref
	22.29

	55%-Base
	12.87

	55%-Base:Transport model
	12.80

	55%-Base:PTDF
	12.76

	55%-Base:DC-Power-Flow
	12.94

	55%-Base:PTDF_LC
	12.25

	55%-REF:Transport model
	19.92

	55%-REF:PTDF
	20.44

	55%-REF:DC-Power-Flow
	20.71

	55%-REF:PTDF_LC
	16.43

	85%-Ref
	0.00

	Base
	-9.74

	85%-Base:Transport model
	-9.82

	85%-Base:PTDF
	-9.80

	85%-Base:DC-Power-Flow
	-9.67

	85%-Base:PTDF_LC
	-10.29

	85%-Base:Protest
	-5.56

	85%-Base:Smart
	-8.37

	CSP&H2
	-3.48

	CSP&H2:Protest
	8.02

	CSP&H2:Smart
	-1.39

	CSP
	-10.56

	CSP:Protest
	-6.38

	CSP:Smart
	-8.91

	85%-REF:Transport model
	-1.96

	H2
	-2.40

	H2:Protest
	9.56

	H2:Smart2006
	0.08

	H2:Smart2007
	-2.05

	H2:Smart2008
	-1.06

	H2:Smart2009
	1.10

	H2:Smart2010
	4.81

	H2:Smart2011
	0.14

	H2:Smart2012
	-0.09

	85%-REF:PTDF
	-1.77

	85%-REF:DC-Power-Flow
	-0.90

	85%-REF:PTDF_LC
	-7.18
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