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Better infrastructure
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ERTRAC Organisation
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Plenary

Gathering all the ERTRAC members

Establishing the strategic orientations of the technology platform

Endorsing the publications

Working Groups

Gathering experts from the ERTRAC members

Responsible for the preparation of the ERTRAC documents

Co-managed by industry and research leaders
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DISCLAIMER

➜ The ERTRAC Carbon-Neutrality Study 2050 (WtW)

analyses different “extreme” scenarios and compares 

effects. It does not aim at giving a projection or at describing 

the way to achieve a carbon neutral road transport.

➜ The study only reflects the views of the contributing authors 

and is not an official European Commission position.

➜ Results:
• This study explored different corner scenarios based on a static fuel and 

fleet modelling exercise. 

• The analysis does not include dynamic modelling or prediction; the results 

of the analysis should be considered as estimates for comparative 

purposes.

• The analysis does not draw conclusions on fuel and electricity availability, 

competition with other sectors demand, economics, societal acceptance 

...

10



www.ertrac.org

European CO2 targets for transport
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To reach the overall European CO2 targets for transport, a system approach is needed addressing:

Vehicle technologies, Traffic modalities, Infrastructure, Energy production etc.
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Initial Questions
Which technologies can support net 

carbon-neutrality in road transport?1 

How large is their specific effect? 

What could be the fleet and fuel 

impact?

How much energy and which energy is 

needed for road transport?
(electricity? hydrogen? synthetic fuels?)

Which energy paths do we have and 

how much electricity is needed to 

produce the different energy carriers?
1. Technical process that may have GHG emissions (CO2, CH4 and N2O emissions) locally but

which are compensated on a life cycle basis by a GHG removal / offsetting mechanism (e.g.

growth of biomass, Carbon Capture Use and Storage (CCUS, including from bioenergy), Direct

Air Capture (DAC) etc.)
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Concept of the study
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Which powertrains could 

be used in in 2050? 

3 Powertrain 

Scenarios

Which efficiency 

improvements are possible 

by 2050?

Optimistic  

Pessimistic ranges

What will be the CO2-

footprint of electricity 

production in 2050?

2 Electricity Scenarios:

100% Renewable (RES) 

& 1.5 Tech

Which fuel production 

paths could be used in 

2050?

4 Fuel Scenarios: 

Biofuels, e-fuels, Mixed 

fuels and Limited fossil

TtW

WtT
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Powertrain Scenarios 2050
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3 different powertrain scenarios analysed (corner-points): 

• Highly Electrified incl. Electrified Road Systems (HE-ERS)

• Highly Electrified incl. Hydrogen (HE-H)

• Hybrids Scenario (Hyb)

PHEV
50% PHEV

40%

PHEV
50%

PHEV
20%

BEV
100%

BEV
50% BEV

60%

BEV
100%

BEV
50%

ERS/BEV
80%

Small/Med. PC 2.
wheeler

Large PC/Large
SUV

LCV/Delivery Van City Bus Medium Duty Truck Heavy Duty Truck
Coach

Highly Electrified Scenario
(incl. Electrified Road Systems ERS for HDT)

PHEV BEV
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Hybrid Scenario, why?

Maybe the infrastructure will 

not develop fully for 

electricity and/or hydrogen

PHEV = ability to run a significant 
distance purely electrically

For heavy-duty trucks, buses & 
coaches: electrical energy via 
Electric Road System and/or 

battery on-board

In this scenario, the long distance 
electric vehicles operate with 

hydrogen as the energy carrier
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Concept of the study
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“  2 measures sheet” for the different type of 

technical improvements
No. Name Description of Idea / Technology

Working 

Group

Evaluation Group 

Responsible References Comment Type

Urban Rural Highway Urban Rural Highway Urban Rural Highway Urban Rural Highway Urban Rural Highway Urban Rural Highway Urban Rural Highway Urban Rural Highway

1

Improvements gasoline 

engines See Annex ERTRAC ICE road map 6.1 EE

Peter Prenninger / Andy 

Ward ERTRAC ICE road map

All known technical measures 

including thermodynamics, 

friction and transmission 

excluding waste heat A

15,00 20,00 22,00 24,00 26,00 28,00 9,00 10,00 11,00 11,00 14,00 17,00 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

1 Improvements diesel engines See Annex ERTRAC ICE road map 6.2 EE

Peter Prenninger / Andy 

Ward ERTRAC ICE road map

All known technical measures 

including thermodynamics, 

friction and transmission 

excluding waste heat 

recovery. Peak efficiency of 

50% for Passenger cars and A

10,00 15,00 20,00 15,00 18,00 23,00 8,00 9,00 10,00 10,00 12,00 14,00 2,50 4,00 4,00 5,00 7,00 9,00 2,50 4,00 4,00 5,00 7,00 9,00 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Waste Heat Recovery EE

aggregate of all knowen 

technologies like heat storage, 

warm up, turbo compound and 

thermoelectrik A

0,00 0,00 1,00 1,00 1,50 4,00 0,00 0,00 1,00 1,00 2,00 5,00 0,00 0,00 1,00 1,00 1,50 3,00 0,00 0,00 4,00 1,00 2,50 4,00

Total Vehicle Energy 

Management

Engine Start Stop, electrification of ancillary 

uni s (S eering  Cli a e Co  ressor  …) EE

Peter Prenninger / Andy 

Ward ERTRAC ICE road map

including e-horizon for 

powertrain operation, but not 

"Type B" measures. A
1,00 0,50 0,00 4,00 2,00 2,00 1,00 0,50 0,00 4,00 2,00 2,00 1,00 0,50 0,00 4,00 2,00 2,00 1,00 0,50 0,00 6,00 3,00 3,00 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Mild Electrification 48 Volt

Integrated Starter-Generator with mild storage 

system EE

Peter Prenninger / Andy 

Ward

ERTRAC Electrification road 

map

Potential of recuperation and 

assits by 48V-System A
4,00 2,00 0,00 8,00 4,00 2,00 6,00 3,00 0,00 10,00 6,00 2,00 3,00 1,50 0,00 5,00 3,00 1,00 2,00 1,00 0,00 3,00 2,00 0,50 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Plug in Hybrids (PC, trucks, 

bus, coach), CO2 

improvements in ICE mode.

Benefits by optimization of ICE working point in 

PHEV architectures EE

Peter Prenninger / Andy 

Ward

ERTRAC Electrification road 

map

PC: no ICE mode in rban area. 

Penetration rate in 2050 MT: 

70%, HD:40%, PHEV potential A
n.a. 10,00 5,00 n.a. 15,00 10,00 n.a. 10,00 5,00 n.a. 15,00 10,00 n.a 10,00 5,00 n.a. 15,00 10,00 n.a. 8,00 4,00 n.a. 12,00 7,00 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

PHEV Percentage of electic 

mode

PHEV-System and charging infrastructure will be 

highly developed so that each trip starts in el. 

Mode for the first 50 km. Urban trips are always EE first 50 km always in el. mode
100,00 40,00 0,00 100,00 60,00 5,00 100,00 40,00 0,00 100,00 60,00 5,00 100,00 40,00 0,00 100,00 60,00 5,00 100,00 0,00 0,00 100,00 3,00 0,00

Electric Vehicle, Electrical 

energy requirement, WLTP, 

including heating, air 

condition,.. (kWh / km, Plug 

to wheel). Figures from 

calculation tool (PC BMW, 

Trucks Volvo). EE

Peter Kropf, Staffan 

Lundgreen

Dimension Wh/km,  Figures 

for HDT/Highway from Volvo: 

Energy need Powertrain 1250 -

1750 Wh/km, Multiplication 

factor for battery 

charging/discharging 

1.1(optimistic) 1.2 

(pessimistic). Multiplication 

factor urban/rual/highway: 

0,75/1/1., MDT=HDT*0.3

180,00 150,00 225,00 150,00 120,00 130,00 210,00 175,00 255,00 170,00 145,00 150,00 480,00 700,00 700,00 340,00 410,00 410,00 1600,00 2100,00 2100,00 1030,00 1375,00 1375,00

FCEV: kg (H2)/ km. Generated 

by electric energy demand of 

the vehicle ("plug to wheel"), 

Energy efficiency of fuell cell 

50%, 1 kg(H2)=39.4 kWh 

(higher heating value) EE

0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,02 0,04 0,04 0,02 0,02 0,02 0,08 0,11 0,11 0,05 0,07 0,07

Improved Aerodynamics EE

Peter Prenninger / Andy 

Ward

passenger car Cx=0,21. Over 

all potential vehicle A
0,00 2,00 3,50 1,00 3,00 7,00 0,00 2,00 3,50 1,00 3,00 7,00 0,50 1,00 2,00 1,00 2,00 5,00 2,00 3,00 5,00 4,00 7,00 10,00

Weight Reduction EE

Peter Prenninger / Andy 

Ward

PC 25 % weight reduction. 

Trucks reduction up to 2 t. A
5,00 3,00 2,00 10,00 7,00 5,00 7,00 5,00 4,00 15,00 11,00 8,00 5,00 3,00 3,00 10,00 6,00 6,00 3,00 1,50 1,50 6,00 3,00 3,00

rolling resistance Transmission System, Wheels, Tyres, ... EE

Peter Prenninger / Andy 

Ward
Tyre rolling resistance -10 points: PC: for simplification constant value independent from speed. In reality at higher speed aerodynamic influence is becoming dominant, overlap with powertrain efficiency may be considered. Trucks: Paper from Tyres Industry: 15 points resistance up to 2030 -> 3,5 Percent Efficiency 2030 -> 6% up to 2050

A
1,00 1,00 1,00 2,00 2,00 2,00 1,00 1,00 1,00 2,00 2,00 2,00 1,50 1,50 1,50 3,00 3,00 3,00 3,00 3,00 3,00 6,00 6,00 6,00

Rolling Resistance Pavement EE
assumption 0,00 0,00 0,00 2,00 2,00 2,00 0,00 0,00 0,00 2,00 2,00 2,00 0,00 0,00 0,00 2,00 2,00 2,00 0,00 0,00 0,00 2,00 2,00 2,00

natural gas (Tank to wheel, 

fossil)

Combustion of Methane (CNG, LNG) in optimized 

engines - Renewable CNG is an additional 

measure (here fossil CNG)

EE Stefan Schmerbeck

Report of the EU Expert Group 

on Future Transport Fuels 2012

Small PC's: substitute of 

gasoline, large cars: substitute 

of diesel. Optimistic incl. 

combustion 

improvement.Efficiency of gas 

HD engines < efficiency of 

Diesel HD engines, no losses 
A

20,00 20,00 20,00 27,00 27,00 27,00 5,00 5,00 5,00 10,00 10,00 10,00 5,00 5,00 5,00 10,00 10,00 10,00 5,00 5,00 5,00 10,00 10,00 10,00

n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Overall potential for 

smoothening speed and 

avoiding stops in real traffic

Covers all the measures concerning "traffic 

flow". This means "less stops" and "more 

constant speed". Potential calculated by 

comparison of existing WLTP and modified 

WLTP with less stops and smoothed speed. EE / CD Peter K. B 5,00 5,00 5,00 15,00 15,00 15,00 5,00 5,00 5,00 15,00 15,00 15,00 5,00 5,00 5,00 15,00 15,00 15,00 5,00 5,00 5,00 15,00 15,00 15,00

Platooning

aerodynamik advantages and less braking 

losses. Short distance between trucks in 2050. EE / CD Staffan L.

Figures taken from SARTRE 

testing.  Platooning assumed 

relevant for  a hihgway with 

>1 lane for each direction B 0,00 0,00 6,00 0,00 0,00 15,00 0,00 0,00 6,00 0,00 0,00 15,00 0,00 0,00 6,00 0,00 0,00 15,00 0,00 0,00 5,00 0,00 0,00 12,00

reduced parking search traffic 

(urban only)

A thorough monitoring of real-time parking 

space availability allows direct communication 

to drivers about the actual offer and allows to 

cut search traffic (which is now on average 

1/3rd of traffic in cities centers).

UM

100 % guided parking, one 

third of PC city traffic is 

parking traffic, one third of car 

traffic is  inside city centers 

(urban mileage *0,33 *0,33)

C 4,00 10,00 2,00 6,00 0,00 2,00 0,00 0,00

Ride Sharing TaxiBots 

UM

CO2 potential of Taxibot 

unclear but better use of 

capacity (more than one 

passenger inside). No 

scenarios or figures available. C

intermodality of freight (all 

road types)

Truck and rail

C 2,00 5,00

coordination systems for 

freight (logistics), all road 

types

Services for co-loading of freight to increase 

load space filling rates; and to reduce number of 

traffic movements and energy consumption

UM Staffan 

Theoretical potential: 30% of 

truck space today is unused. 

Figures for realistic 

asumption. C 0,00 0,00 0,00 0,00 5,00 10,00 5,00 10,00

Increased Truck Capacity, all 

road types

Trucks with higher load or higher volume.

EE Staffan 

only largest category of HDT 

effec ed.        e er “Nordic 

co bina ion” (  - 0  C 5,00 10,00

Increased Bus Capacity Public busses wi h higher ca aci y (Trailers  …)

UM all

CO2 potential unclear.   Better 

use of capacity but larger 

Vehicles even if not fully used.  

No scenarios or figures 

available. C
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Type C - Usage Change / Reduce Journey Quantity

CO2-Saving Potential Mileage Saving Potential

CO2 reduction potential Mileage saving potential

➜ Expert assessment for the specific potential of each measure

➜ Optimistic / pessimistic range for impact of each measures

➜ Three areas: urban, rural and highway

➜ Efficiency potential depending on vehicles categories:

– Two-wheelers and small/medium size cars

– Large cars, SUVs and light commercial vehicles

– Medium Duty Trucks and City Buses

– Heavy Duty Trucks and Coaches
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Concept of the study
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Which powertrains could 

be used in in 2050? 

3 Powertrain 

Scenarios

Which efficiency 

improvements are possible 

by 2050?

Optimistic  

Pessimistic ranges

What will be the CO2-

footprint of electricity 

production in 2050?

2 Electricity Scenarios:

100% Renewable (RES) 

& 1.5 Tech

Which fuel production 

paths could be used in 

2050?

4 Fuel Scenarios: 

Biofuels, e-fuels, Mixed 

fuels and Limited fossil

WtT

TtW
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Fuel Scenarios 2050 

Comparison of different fuel 
“family” shares  eing used 
in the different fuel scenarios 
(corner-points)

Fuel scenarios have been 
drafted independently from the 
powertrains scenarios

The interactions between these 
two scenarios is detailed in the 
WtW study

19
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Fuel “family” (feedstock / 

production technology)

Note: BECCS refers to biofuel production routes coupled with CCS 

(allowing negative emissions)

Biofuel/waste E-fuel Fossil

Advance 

biofuels

Mixed

efuels

Limited

fossil

90% 10% -

-

--

10% 10%

50% 50%

100%

80%

(BEC)CCS

Note:

– Basis: JEC WTT v5 – 2030 extended towards 2050   

– Drop-in fuels compatible with existing powertrains
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Overview of the WtW study
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Results Fleet & Energy scenarios
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Generation
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Ad. Biofuels 

in transport

Electricity to 

vehicle

e-fuel for 

transport

H2 for 

transport

Fossil fuel

for transport

Fossil fuel 

production

Remaining CO2eq (Fossil)
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Results Fleet & Energy scenarios

Question 1:

How much 

• fuel

• hydrogen

• electricity 

could be required 

(used) in EU Road 

Transport by 2050? 

(TtW, TW.h).
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82

655

96

373

0

200

400

600

800

1000

1200

Fuel H2 Electricity

Highly electrified + ERSTW.h

Optimistic 

case

Pessmis. 

case

Total TtW (range)

~ 730-1200 TW.h

71

523
34167

260

225

0

200

400

600

800

1000

1200

Fuel H2 Electricity

Highly electrified with H2TW.h

Total TtW (range)
~ 930-1500 TW.h

940

262

573

137

0

200

400

600

800

1000

1200

1400

1600

Fuel H2 Electricity

Hybrids ScenariosTW.h

Total TtW (range)

~1200 – 1900 TW.h

Significant reduction in the fleet-averageTtW energy consumption:
The total TTW energy consumption could range between ~730 and 1900 TW.h. A significant reduction is shown in all scenarios considered (20% to 70% savings) in total energy requirement versus 2015.

(As a reference, 290 Mtoe consumed in the EU road transport 2015 <> 2400 TW.h).

Fuel: significant reduction compared 

to EU road transport sector in 2015.
In the highly electrified scenarios the savings in fuel consumption 

are up to 95%.

The highest use of fuel (Hybrids-Scenario) varies between 940 and 

1510 TW.h

→ 40% to 60% savings

Hydrogen:
The use of hydrogen ranges between 520 and 780 TW.h

(Highly electrified with H2 scenario). 

Electricity: road vehicles consume 

directly at least 20% of the total 2015  

electricity consumption
The use of electricity ranges from ~260 up to 1000 TW.h (the latter 

in the highest electrified scenario (HE + ERS scenario) which 

represents ~20% of total EU-wide electricity consumption in 2015).

Efficiency is paramount (D l   “ p imi  ic-    imi  ic”)
Technical measures (A,B and C) targeting efficiency improvement

• Vehicle

• Traffic condition

• System improvements

Have the potential to reduce the energy consumption by ~35-40%, showing the importance of boosting R&D in these areas. 

Question 1:

How much fuel, hydrogen, electricity could be required (use) in EU Road Transport by 2050? (TtW, TW.h)
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Results Fleet & Fuel scenarios

Total WtW (range)

~ 980 - 4700 TW.h (1.5TECH)

~ 890 - 3700 TW.h (100% RES)

Total WtW (range)

~ 920 - 3700 TW.h (1.5TECH)

~ 860 - 3400 TW.h (100% RES)

Total WtW (range)

~ 910 - 3500 TWh. (1.5TECH)

~ 860 - 3300 TW.h (100% RES)

Total WtW (range)

~ 900 - 4400 TW.h (100% RES)

~
 2

5
%

The fuel-scenarios 
have a maximum 
impact of ~25% 

(Hybid Scenario)

In highly electrified 

scenarios, the 

differences between 

the fuel scenarios 

are not significant

Question 2:
How do the fuel-

scenarios 

influence the 

energy request in a 

net CO2eq neutral 

road transport? 
(WtW, TW.h, CO2 

neutral)
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Results Fleet & Energy scenarios

Question 3:
How much electricity is 

needed in the scenarios 

overall?
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Question 3:

How much electricity is needed in the scenarios overall?

Total WtW (range)

~ 900 - 3300 TW.h (1.5TECH)

~ 810 - 2500 TW.h (100% RES)

Total WtW (range)

~ 900 - 4400 TWh (100% RES)

Total WtW (range)

~780- 2100 TW.h (1.5TECH)

~600- 1240 TW.h (100% RES)

Total WtW (range)

~ 680 - 1440 TW.h (1.5TECH)

~ 570 - 1350 TW.h (100% RES)

➜ Wide variation in total electricity request: 

Range between 600 TW.h up to 4400 TW.h

(representing from ~20% up to ~140% of total 

EU-28 electricity consumption in 2019 (3220 

TW.h).

➜ The limited fossil and  advanced biofuel scenario 

result in the lowest electricity needs (between 

~20% to 30% of EU-28 electricity consumption 

2019)

➜ The absolute extreme values for electricity 

request are always linked with the Hybrid Fleet: 

in combination with e-Fuels the absolute 

maximum is reached, in combination with 

“adanced  iofuels” or “limited fossil” the 

absolute minimum is reached

➜ In the highly electrified scenarios, the electricity 

demand is towards the lower-end of the different 

explored scenarios (~35% to 50%  of EU28 

electricity consumption in 2019)
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Results Fleet & Energy scenarios

System optimization cannot be based on an extreme scenario approach
Further research, innovation and development work is needed to assess 

and establish the optimal solutions, on the basis of various criteria.

This question cannot be answered relying on this

study alone.

Production and storage capacity 

Life Cycle Assessment (LCA) to account for the emissions and energy required for 
infrastructure and vehicle production

Investments in infrastructure and energy production facilities

Cost of energy production and distribution as well as vehicle technology development 

Land use, water use and needed resources; and their allocation between different sectors

Different locations for energy production (EU or MENA-Region)

Customer acceptance of specific vehicle types and fuels

Acceptance of CCS

Such criteria might be those listed below

(out of the scope of the CO2 Evaluation Group):

Question 4:

What is the best fuel and/or fleet combination?
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Conclusions
➜ T   chi v  “c rb  -  u r l” r  d  r   p r  (WtW) in 2050, drastic changes 

are needed in all three areas: 

➜ The complete and robust carbon-neutrality of road transport could be 

achieved with a mix of technologies, where electrification is the key 

element for the reduction of the CO2 emissions.

Note: the mix of these powertrain options will depend on the development of the infrastructure 

(charging infrastructure, ERS, hydrogen filling stations, production capacities for renewable fuels etc.)

HE

BEV
(possibly with 

ERS)

PHEV FCEV
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Conclusions
➜ The energy efficiency measures identified (A, B and C) reduce the 

energy / fuel  consumption in all scenarios in a very significant way

➜ The demand for fuels decreases in all scenarios (in highly electrified 

scenarios up to 95%)

➜ In strongly electrified scenarios, the WtW differences in energy 

consumption between the fuel scenarios are quite small

➜ The total demand for electricity in road transport will increase (energy 

production + use in vehicle)

➜ The largely Carbon-neutral production of electricity is a prerequisite for 

“c rb  -  u r l” r  d  r   p r  i   ll fl      d fu l scenarios

20%-30% in 

advanced biofuels or 

limited fossil 

scenarios combined 

with hybrid fleet

35%-50% in highly 

electrified scenarios

up to 1.4 times if e-

fuels are used along 

with a hybrid fleet

Relative to the total EU28 electricity consumption in 2019:
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Conclusions
Research Recommendations and Priorities:

1. Enable fleet mix change by 

➜ Improving powertrain technology: cost, range, functionality …

➜ Adapting infrastructure technology and concepts

2. Efficiency improvements by

Besides road transport:

➜ Renewable electricity generation capacity (inside and outside of Europe)

➜ Net carbon-neutral H2 and fuel production (inside and outside of Europe)

➜ Technology and capacity of CCS and DAC

➜ Availability of raw materials and sustainable feedstocks (appraised from a life-

cycle analysis perspective) 

Measure A: 
Vehicle

Measure B: 
Traffic conditions

Measure C: 
Traffic reduction 

technologies
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