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Renewable Energy – Potentials and Implications for Mobility
Motivation

Questions:

➢ What is the potential for energy production from renewable sources in the EU?

➢ How can mobility contribute to the increased use of renewable energies?

Primary energy

▪ Primary energy demand in EU:

15.000 TWh (2020)

Emissions in transportation

Road bound mobility causes approx. 18 % of global CO2 emissions

10,8% 7,1%

2,8% 2,5%76,0%

nicht-verkehrsbezogene Emissionen straßengebundener Personentransport

straßengebundener Gütertransport Luftfahrt

Schiffsverkehr Schienenverkehr

andere

41,7%
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0,8%

EU

Importe Russland
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Bestandsveränderungen

Non-transport emissions

Road bound commercial transport

Maritime transport

Other

Road bound person transport

Aviation

Rail transport

EU

Import Russia

Import other

Inventory change
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Renewable Energy – Potentials and Implications for Mobility
Energy Conversion

▪ Wind energy

▪ Solar energy

▪ Hydro- & tidal energy

▪ Biomass

▪ Geothermal energy

▪ Other discussed options:

▪ Nuclear (fission & fusion)

▪ Fossil energy carriers with Carbon Capture and 

Storage or Carbon Capture and Usage

Variable power

▪ Availability and utilization of power plants via

capacity factor k

𝑘 =
𝐸𝑛𝑒𝑟𝑔𝑦 𝑠𝑢𝑝𝑝𝑙𝑦

𝑅𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 ⋅ 𝑇𝑖𝑚𝑒

▪ Influences

▪ Environmental

▪ Maintenance and servicing

▪ Electricity demand

Energy sources

Energy carrier Capacity factor

Nuclear 50 – 92 %

Coal 39 – 67 %

Gas 16 – 60 %

Wind 19 – 41 %

Photovoltaics 10 – 20 %
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Renewable Energy – Potentials and Implications for Mobility
Energy Conversion

Primary energy paths
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Renewable Energy – Potentials and Implications for Mobility
What is possible in Europe?

▪ ENSPRESO dataset

▪ Study examining the technical potential for 

generation of renewable electricity under regulatory 

constraints in the EU (+ UK)

▪ 3 scenarios (low, medium, high) considering 

technical advancements and regulatory 

changes

➢ Conclusion: Most conservative assumption 

provides sufficient electricity to meet today’s 

primary energy demand.

▪ But ENSPRESO only addresses annual 

energetic potential, not availability of power.

Power PotentialEnergetic Potential

▪ Model Development

▪ Installed capacities based on ENSPRESO 

scenarios low and medium

▪ Resolution of installed capacities on national levels

▪ Usage of capacity factors from C3 data service

▪ Usage of electricity demand from eurostat (as 

reference)

➢ Model to determine seasonal and daily average 

availabilities of renewable electricity.
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Renewable Energy – Potentials and Implications for Mobility
Energy Potentials – Wind 

▪ Available areas and choice of locations

▪ onshore

▪ Current national distance regulations

▪ Inclination < 2.1°

▪ offshore

▪ Distance to coast > 22 km

▪ Ocean depth  0-100 m

▪ Distance to infrastructure > 3.7 km

▪ general

▪ Capacity factor k > 25 %

▪ Power

▪ Power density: 5 MW/km²

Wind onshoreAssumptions
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Renewable Energy – Potentials and Implications for Mobility
Energy Potentials – Wind 

▪ Available areas and choice of locations

▪ onshore

▪ Current national distance regulations

▪ Inclination < 2.1°

▪ offshore

▪ Distance to coast > 22 km

▪ Ocean depth  0-100 m

▪ Distance to infrastructure > 3.7 km

▪ general

▪ Capacity factor k > 25 %

▪ Power

▪ Power density: 5 MW/km²

Wind offshoreAssumptions
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Renewable Energy – Potentials and Implications for Mobility
Energy Potentials – Solar 

▪ Available areas and choice of locations

▪ Installation on buildings

▪ 50 % of available and suitable roof and facade 

areas

▪ Installation on open and agricultural areas

▪ Exclusion of protected areas, forests, etc.

▪ 1.5 % of unused, cultivated and farmed land 

per nation

▪ Inclination < 2.1°

▪ Power

▪ Installation density: 5 MW/km²

▪ Performance ratio: 75 %

SolarAssumptions
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Renewable Energy – Potentials and Implications for Mobility
Energy Potentials

Assumptions

▪ Current regulations are considered

▪ No technical advancements in 
efficiency and locations

▪ Construction of wind turbines only 
at locations with k > 25 %

▪ Construction of solar as on-roof 
installment and on 1.5 % of 
unused, cultivated and farmed 
land

Resulting peak power:

▪ Wind: 2,700 GW

▪ Solar: 5,000 GW

▪ Comparison with EU targets 2030:

▪ Wind: 1,300 GW

▪ Solar: 750 GW

Jan. Apr.Mar.Feb. Jun.May Sep.Aug.Jul. Oct. Dec.Nov.

Available electric power

Primary energy 2020

End energy 2020

Electricity demand 2020

Reference Solar Wind

Ambitious!

But possible.
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Renewable Energy – Potentials and Implications for Mobility
Power Demand

▪ Higher primary energy demand for hydrogen- and PtL-

path, wide distribution in literature 

▪ Hydrogen: approx. factor 2 - 3

▪ Power-to-Liquid: approx. factor 2.4 - 5

Global potential of windPrimary energy demand

onshore: 0.2 - 0.4

offshore: 0.5 - 0.6

onshore: 0.5 - 0.7

offshore: 0.7 - 0.8

Capacity factors for wind turbines Class I
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Renewable Energy – Potentials and Implications for Mobility
Power Demand

Global potential of solarPrimary energy demand

0.11 - 0.14

0.17 - 0.25

0.13 - 0.21

<0.27

Capacity factors for solar, optimal positioning

▪ Higher primary energy demand for hydrogen- and PtL-

path, wide distribution in literature 

▪ Hydrogen: approx. factor 2 - 3

▪ Power-to-Liquid: approx. factor 2.4 - 5
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Nutzenergie Umwandlung im Fahrzeug

Abgabe Transport

Umwandlung in Energieträger

Usable energy

Charging/Filling

Conversion into energy carrier

Transport

Conversion within vehicle

BEV FCEV ICE + PtL

➢ Global potentials of renewable energies allow for approx. factor 2 at same installed power

➢ Well-to wheel efficiency can be compensated for fuel cell electric vehicles, but not for ICE with PtL
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Renewable Energy – Potentials and Implications for Mobility
Mobility Supporting Renewable Electricity

▪ At high electrification rate, charging of battery-electric 

heavy-duty trucks will have significant impact on 

demand of electric power

▪ Scenarios

▪ Charging over night:

▪ Charging during driver break:
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Alternative: Dynamic Charging?Example: Charging of heavy-duty trucks

▪ Charging while driving can reduce peak loads

▪ Several technologies in research, successful field trials 

of overhead line trucks
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No solar!

High peaks!
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➢ EU can meet its 

primary energy needs!

➢ There is more than one 

solution!

➢ Mobility and energy 

transition need to be 

thought together! [B
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