BB Ref. Ares(2025)10199600 - 24/11/2025

Illl
)
LeMesurier

Measuring the 2ZERO KPIs

Measuring the value of the
Key Performance Indicators of the
2ZERQO Partnership

D2.3 = Visualisation and discussion of the results of
scenario model runs

Coordination and Support Action (CSA)
Project No. 101137477 | HORIZON-CL5-2023-D5-01-05

Funded by
the European Union




- LeMesurier

) Measuring the 2ZERO KPIs

Document information

Deliverable No. D2.3

Deliverable Title D2.3 — Visualisation and discussion of the results of scenario model
runs

Related WP/Task WP2 — Compound KPIs: Accounting / Task 2.3 — Usage of the models

Due delivery date 31/08/2025
Actual delivery date = 30/09/2025
Dissemination level | Public (PU) - fully open
Lead author Zisis Samaras (EMISIA)

Contributors Giannis Papadimitriou, Panagiotis Siamidis (EMISIA), loannis
Tsiropoulos, Giannis Giannelos, Vicky Petropoulou, Panagiotis
Karkatsoulis (E3M), Maximiliane Reger, Osama Mahmood (Frontier

Economics)
Reviewer(s) Charis Kouridis (EMISIA), Simon Edwards (Ricardo)
Approved by Simon Edwards (Ricardo)
Status Final
Quality Control
Ver. Date Editor Changes
0.1 16/04/2025 Giannis Papadimitriou (EMISIA) Template with content
structure and first input
0.2 | 31/07/2025 Panagiotis Siamidis (EMISIA), Giannis Draft sections 2,3,4
Giannelos, Vicky Petropoulou (E3M),
Maximiliane Reger, Osama Mahmood
(Frontier Economics)
0.3 | 31/08/2025 Panagiotis Siamidis (EMISIA) Draft sections 1,5
0.4 | 26/09/2025 Giannis Papadimitriou (EMISIA) Review and
improvements in all
sections
1.0  30/09/2025 Zisis Samaras (EMISIA), Simon Edwards Final version submitted

(Ricardo)



_ LeMesurier

) Measuring the 2ZERO KPIs

Legal Disclaimer

Copyright ©, all rights reserved. This document or any part thereof may not be made public or disclosed,
copied or otherwise reproduced or used in any form or by any means, without prior permission in writing
from the LeMesurier Consortium. Neither the LeMesurier Consortium nor any of its members, their
officers, employees or agents shall be liable or responsible, in negligence or otherwise, for any loss,
damage or expense whatever sustained by any person as a result of the use, in any manner or form, of
any knowledge, information or data contained in this document, or due to any inaccuracy, omission or
error therein contained.

All Intellectual Property Rights, know-how and information provided by and/or arising from this
document, such as designs, documentation, as well as preparatory material in that regard, is and shall
remain the exclusive property of the LeMesurier Consortium and any of its members or its licensors.
Nothing contained in this document shall give, or shall be construed as giving, any right, title, ownership,
interest, licence or any other right in or to any IP, know-how and information.

This project has received funding from the European Union’s Horizon Europe research and innovation
programme under Grant Agreement No. 101137477. The sole responsibility for the content of this
document lies with the authors. It does not necessarily reflect the opinion of the European Union. Neither
CINEA nor the European Commission are responsible for any use that may be made of the information
contained therein.

Disclaimer from EC/CINEA

Project funded by the European Union. Views and opinions expressed are those of the author(s) only
and do not necessarily reflect those of the European Union or CINEA. Neither the European Union nor
the granting authority, CINEA, can be held responsible for them.



- LeMesurier

) Measuring the 2ZERO KPIs

TABLE OF CONTENTS

LIST OF FIGURES ...t e et e ettt e e e et e e e e et e e e ean e e eeaan e 6
LIST OF TABLES ... et et e e et e e e e et e e e eet e e e eeaa e e e eanaeaeeannaaes 8
LIST OF ABBREVIATIONS AND ACRONYMS ...ttt e e e ea e 9
SUMM A Y ittt oottt e ettt e e et e e e et e e e a e e e eta e eeta e e eea e eeaaaaae 13
I 1V @ T L0 L @ I [ ] PR 21
1.1  Work Package 2 within LeMesurier project and 2ZERO............cccccciiiiiiiiiiii 21
1.2  Scope of D2.3 and its relation to LeMesurier WOrk ... 21
1.3 SHUCUIrE OF D2.3. 22

2. EU PROJECTIONS ...ttt ettt e et e e ettt e e e e et e e e etaa e e e eaaa e eeann e eeannnaaes 24
2.1 Main principles of each vehicle parc Model................euiiiiiiiiiiiiiiiiiiiiiiie s 24
A N R O @ ] = = o 151 = 2 24

2.1.2 PRIMES/TREMOVE.......cuiii ittt e e e e e e e s e e e e e e e s e e e e e e eeaaannneeas 24

0 G T 1Y/ (@ Y4 ! | 5 R 25

2.2 Fleet and @CVILY OALA ..........uuiiiiiiiiiiiiiiiiii ittt a e e eee e aeeeseeeeseeeeeeneeeenenene 25
2.2.1 New registrations and VEhicle StOCK..............uuuiiiiiiiiiiiiiii e 26

2.2.2 Vehicle (v.km), passenger (p.km), and freight (t.km) activity ............ccceevvrrrrveennn. 34

A T = g =Y o YA oo g TS0 1o o] (o] o 38
2.3.1  COPERT/SIBYL..cttttttttitiititiieeeeeeeeeeeeeeeeeeeeeeeeeeee e aeeeeeeeeeeeetestsseesseeesssessesesssennnnnnnnes 38

2.3.2 PRIMES/TREMOVE.......cottttttitiitiiiitiiiteteietteeeeeeeteaeeeeeeeeaeeseesesseeseseeesaessessessessnennnnes 40

2.3.3  MOVEID ...ttt e e 41

204 GHGS .ttt ettt e et e et e e e s 43
241  COPERT/SIBYL..cttttttttttiititiieieeeeeeeeeeeeeeeeeeeeeaeeeeeeeeeeeeeeeseeessesssssssssesssessssssssssnsnnnnnnes 43

2.4.2 PRIMES/TREMOVE.......cotttttttitittiiitiiitteetteteeeeeeeeeasaseeeeesessessesssessseesssessesssssenssesnnnes 44

2.4.3  MOVEID ...ttt et e e 45

3. QUANTIFYING THE IMPACT OF 2ZERO TECHNOLOGIES ON THE EU PROJECTIONS....... 47
I A 10 ] = == /A5 ] 1= 4 PP PPPPPPINS 47
3.1.1 Uptake of 2ZERO teChNOIOGIES ......vuuniieeiiiiiiiie e 47

3.1.2 Impact of 2ZZERO on the reference SCenario..........cccccuviiiei e 48

3.2 PRIMES/TREMOVWE......ccttttttitiiiiititiiitiitteeeeeeeeeeeeee et teeetee et eaatssssssstsssesssssssssssssnsnsnsnnnnnnes 50
3.2.1 Uptake of 2ZERO teChNOIOGIES .......vvvvveeiiiiiiiiiiiiiiiiieieeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeneeneenees 50

3.2.2 Impact of 2ZERO on the reference SCENArio............uuvvvvviiiiriiiiiiiiiiiiiieiiieeiereeeeeeeeee 51

3.3 MONVEID ...ttt ettt ettt e e e e e et et b a e e e e eeeennaaan 52

4. COMPOUND KPIS ...ttt ettt e e e e e et ettt e e e e e e eeeesab e e e e e e eestanaaaeeaeeee 54
4.1 GO.KPL.3: Reduction of CO2 emission from road transport for all types of vehicles............ 54
411 COPERT/SIBYL..uuuuuuuuiiiiiiininiiiiiiiiiiniii s 54

4.1.2 PRIMES/TREMOVE.......uuutiiiiiiiiiiiiiiiiii s 55

4.1.3  MOVEID ..o ettt e e e eeaa e eeeas 56

4.2  SO.KPL.1: Ability to determine, realistically and reliably, the energy intensity (TtW)............ 57



- | .
LeMesurier

Measuring the 2ZERO KPIs

4,21 COPERT/SIBYL..cciiiiitiiiiieie ettt ettt e e e e e e et e e e e e e e e nnneeeeas 57

4.2.2 PRIMES/TREMOVE........oitiiiiiiii ittt e e e e neeaeeas 59

A.2.3  MOVEID ...ttt e e e e e e e e e e et e e e e e e e e eeaes 60

4.3 SO.KPL.2: Reduce GHG of mobility of people and goods............ccooeeeiiiniiiiiiiieneeeeeeeee e 61
4.3.1  COPERT/SIBYL..cciiiiittiiitiee ettt ettt e e e ettt e e e e e e s et eea e e e e e annneeeeas 61

4.3.2 PRIMES/TREMOVWE........ootiiiiiiiiiit ettt e e e e e e e e e e e nneeeeeas 63

e C T |V (@ Y | PP RPN 65

5. CONCLUSIONS ...ttt ettt e e e e e ettt et e e e e e s nb bttt e e e e e e e aannabbbeeeeeaeeeaannnrnneeas 68
REFERENGCES ..ottt ettt e e e e e e ettt e e e e e e e e e abtbeeeeeeeeeeannbabeeeeaeeesaannnbnneeeaaeeas 71



_ LeMesurier

) Measuring the 2ZERO KPIs

LIST OF FIGURES

Figure 1: EU27 stock energy shares (%) of all vehicle categories (COPERT/SIBYL)...........ccceeeeeeeen. 14
Figure 2: EU27 stock energy shares (%) of all vehicle categories (PRIMES/TREMOVE) .................. 14
Figure 3: EU27 stock energy shares (%) of all vehicle categories (MOVEID) ...........ccccoeviiiiiiinnnnnnn. 14
Figure 4: EU27 GHGs (Mt COzeq.) per vehicle category (COPERT/SIBYL).......coooiiiiiiiiiiiniiii, 15
Figure 5: EU27 GHGs (Mt COzeq.) per vehicle category (PRIMES/TREMOVE)...........ooooiiiiiiiinnn. 15
Figure 6: EU27 GHGs (Mt COzeq.) per vehicle category (MOVEID) ..o, 15

Figure 7: Comparison of 2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (COPERT/SIBYL) ......uoiiiiiiiiiiiiiiiiieee e 17

Figure 8: Comparison of 2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (PRIMES-TREMOVE) .........ccccvviiiiiiii i 17

Figure 9: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, change in absolute values (MOVEID) .........cccovvvuiiiiiieeieveeiciiie e 17

Figure 10: Reduction of EU27 road transport CO2 emissions compared to 2019 (COPERT/SIBYL) .. 19
Figure 11: Reduction of EU27 road transport CO2 emissions compared to 2019 (PRIMES/TREMOVE)

........................................................................................................................................................ 19
Figure 12: EU27 road transport CO2 emissions per vehicle category (MOVEID) .........cccccevvveevvveennnn. 19
Figure 13: EU27 GHG intensity for passenger activity per vehicle category (COPERT/SIBYL).......... 20
Figure 14: EU27 GHG intensity for passenger activity per vehicle category (PRIMES/TREMOVE).... 20
Figure 15: EU27 GHG intensity for passenger activity per vehicle category (MOVEID) ..................... 20
Figure 16: Key figure of WP2: “Compound KPIs: Accounting”..........cccooeieeviiiiiiiiiiii e 21
Figure 17: EU27 new registrations per vehicle category (COPERT/SIBYL) ....uoviiieeiiiiiiiiiiieeeeeeeeeienn, 26
Figure 18: EU27 new registrations energy shares (%) of all vehicle categories (COPERT/SIBYL)..... 27
Figure 19: EU27 stock per vehicle category (COPERT/SIBYL) ...ccuuuuiiiiiiiiiiiiiiiie e e 27
Figure 20: EU27 stock energy shares (%) of all vehicle categories (COPERT/SIBYL).....c...cccevvvvnnee. 28
Figure 21: EU27 new registrations per vehicle category (PRIMES/TREMOVE)........ccccccceiiiieeirinnnnne. 29
Figure 22: EU27 new registrations energy shares (%) of all vehicle categories (PRIMES/TREMOVE)

........................................................................................................................................................ 30
Figure 23: EU27 stock per vehicle category (PRIMES/TREMOVE)........ccoovviiiiiiiieeeeeeeiceee e, 30
Figure 24: EU27 stock energy shares (%) of all vehicle categories (PRIMES/TREMOVE) ................ 31
Figure 25: EU27 new registrations per vehicle category (MOVEID) ..., 32
Figure 26: EU27 stock per vehicle category (MOVEID).........coooiiiiiiiiiiiee 33
Figure 27: EU27 stock energy shares (%) of all vehicle categories (MOVEID) ............ccccceeeviieeennnnn. 34
Figure 28: EU27 vehicle activity (v.km) per vehicle category (COPERT/SIBYL) ......ccccovvviiiiiiiinnnnnnnn. 34
Figure 29: EU27 passenger activity (p.km) per vehicle category (COPERT/SIBYL).........ccceevveeeeennn. 35
Figure 30: EU27 freight activity (t.km) per vehicle category (COPERT/SIBYL) ......cccovvvviiiiiiiiiiennnnn, 35
Figure 31: EU27 vehicle activity (v.km) per vehicle category (PRIMES/TREMOVE)..................c....... 36
Figure 32: EU27 passenger activity (p.km) per vehicle category (PRIMES/TREMOVE) .................... 36



_ LeMesurier

) Measuring the 2ZERO KPIs

Figure 33: EU27 freight activity (t.km) per vehicle category (PRIMES/TREMOVE)..............cccccee. 37
Figure 34: EU27 passenger activity (p.km) per vehicle category (MOVEID) ..., 37
Figure 35: EU27 freight activity (t.km) for heavy duty vehicles (MOVEID) ...........ccccciiiiin 38
Figure 36: EU27 energy consumption (Mtoe) per vehicle category (COPERT/SIBYL)...........ccceeeeeen. 39
Figure 37: EU27 energy consumption (Mtoe) per fuel/energy type (COPERT/SIBYL) ........ccceeeeeeennn. 40
Figure 38: EU27 energy consumption (Mtoe) per vehicle category (PRIMES/TREMOVE)................. 41
Figure 39: EU27 energy consumption (Mtoe) per vehicle category (MOVEID) ...........ccccoeeiiiiinnnnnn. 42
Figure 40: EU27 energy consumption (Mtoe) per fuel/energy type (MOVEID)...........ccccceiiiiinnnn. 43
Figure 41: EU27 GHGs (Mt COzeq.) per vehicle category (COPERT/SIBYL).....ccoooeviiiiiiiiiiiiiiii, 44
Figure 42: EU27 GHGs (Mt COzeq.) per vehicle category (PRIMES/TREMOVE)...........ccccoeviiiiin. 45
Figure 43: EU27 GHGs (Mt COzeq.) per vehicle category (MOVEID) .......ccooooiiiiiiiiiiiiiiii, 46
Figure 44: 2ZERO technologies penetration in COPERT/SIBYL-based projections........................... 48
Figure 45: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (COPERT/SIBYL) ......ucoiiiieiiiiiiiiiiiee et e e 49
Figure 46: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, percentage decrease with 2ZERO (COPERT/SIBYL) ........ccevvveeeenns 49
Figure 47: Zero emission vehicles stock increase with 2ZERO technologies (PRIMES/TREMOVE) .. 50
Figure 48: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (PRIMES-TREMOVE).........ccoovuiiiiiiiiieveeiiiie e, 52
Figure 49: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, percentage decrease with 2ZERO (PRIMES-TREMOVE)................. 52
Figure 50: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, change in absolute values (MOVEID).........cccoovviiiiiiiieeieveeiiiiie e 53
Figure 51: Reduction of EU27 road transport CO2 emissions compared to 2019 (COPERT/SIBYL) .. 55
Figure 52: Reduction of EU27 road transport CO2 emissions compared to 2019 (PRIMES/TREMOVE)
........................................................................................................................................................ 56
Figure 53: EU27 road transport CO2 emissions per vehicle category (MOVEID) ...........ccccoeeeeeeeennnnn. 57
Figure 54: EU27 energy intensity for passenger activity per vehicle category (COPERT/SIBYL)....... 57
Figure 55: EU27 energy intensity for freight activity per vehicle category (COPERT/SIBYL).............. 58
Figure 56: EU27 energy intensity for passenger activity per vehicle category (PRIMES/TREMOVE). 59
Figure 57: EU27 energy intensity for freight activity per vehicle category (PRIMES/TREMOVE) ....... 60
Figure 58: EU27 energy intensity for passenger activity per vehicle category (MOVEID)................... 60
Figure 59: EU27 energy intensity for freight activity, heavy duty vehicles (MOVEID)......................... 61
Figure 60: EU27 GHG intensity for passenger activity per vehicle category (COPERT/SIBYL).......... 62
Figure 61: EU27 GHG intensity for freight activity per vehicle category (COPERT/SIBYL) ................ 63
Figure 62: EU27 GHG intensity for passenger activity per vehicle category (PRIMES/TREMOVE).... 64
Figure 63: EU27 GHG intensity for freight activity per vehicle category (PRIMES/TREMOVE)........... 65
Figure 64: EU27 GHG intensity for passenger activity per vehicle category (MOVEID) ..................... 66
Figure 65: EU27 GHG intensity for freight activity, heavy duty vehicles (MOVEID)...............ccccoeeo.... 66



_ LeMesurier

) Measuring the 2ZERO KPIs

LIST OF TABLES

Table 1: EU27 new registrations per vehicle category (COPERT/SIBYL) ....cooooieiieiiiieeieeeeeeee 26
Table 2: EU27 stock per vehicle category (COPERT/SIBYL) ....uuuuuuiii s 28
Table 3: EU27 new registrations per vehicle category (PRIMES/TREMOVE).......cccoooiiiiiiiiiiiieien, 29
Table 4: EU27 stock per vehicle category (PRIMES/TREMOVE).........ccooiiiiiiiiiiieee e 31
Table 5: EU27 new registrations per vehicle category (MOVEID).........ccooiiiiiiiiiieee e 32
Table 6: EU27 stock per vehicle category (MOVEID).........uuuiiiii s 33
Table 7: EU27 energy consumption (Mtoe) per vehicle category (COPERT/SIBYL)......ccccuvviieeeennnes 39
Table 8: EU27 energy consumption (Mtoe) per fuel/energy type (COPERT/SIBYL) ....cccoeeeieiieiienennne 40
Table 9: EU27 energy consumption (Mtoe) per vehicle category (PRIMES/TREMOVE).................... 41
Table 10: EU27 energy consumption (Mtoe) per vehicle category (MOVEID)........cccooeeiiiiiiiiiiiieeeenn, 42
Table 11: EU27 energy consumption (Mtoe) per fuel/energy type (MOVEID) .......cccooeiiiiiiieiiiieiieeeennn 43
Table 12: EU27 GHGs (Mt COzeq.) per vehicle category (COPERT/SIBYL) ....coooeeeiiiiiiiiieeeeeeeee 44
Table 13: EU27 GHGs (Mt COz2¢q.) per vehicle category (PRIMES/TREMOVE).......ccccooiiiieiiiiiieeeenn, 45
Table 14: EU27 GHGs (Mt COz2eq.) per vehicle category (MOVEID) .......cooiiiiiiiiiiiesseeeeeee e 46
Table 15: 2ZERO technologies penetration in COPERT/SIBYL-based projections..........cccccceeeeeeeenes 48
Table 16: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, per vehicle category (COPERT/SIBYL) .....ccovvvviiiiiiiieeeeeeiiiiiie e 50
Table 17: EU27 road transport CO2 emissions and corresponding reduction compared to 2019
(COPERT/SIBYL) <.ttt ettt ettt ettt et et e et et e e e et e et et e et e e e eneeee e s 55
Table 18: EU27 road transport CO2 emissions and corresponding reduction compared to 2019
(PRIMESITREMOVE) ...ttt et ettt ettt et e ettt et en e een 56
Table 19: EU27 energy intensity for passenger activity per vehicle category (COPERT/SIBYL) ........ 58
Table 20: EU27 energy intensity for freight activity per vehicle category (COPERT/SIBYL)............... 58
Table 21: EU27 energy intensity for passenger activity per vehicle category (PRIMES/TREMOVE) .. 59
Table 22: EU27 energy intensity for freight activity per vehicle category (PRIMES/TREMOVE)......... 60
Table 23: EU27 energy intensity for passenger activity per vehicle category (MOVEID).................... 61
Table 24: EU27 energy intensity for freight activity, heavy duty vehicles (MOVEID) ............ccceeeeiennn. 61
Table 25: EU27 GHG intensity for passenger activity per vehicle category (COPERT/SIBYL ............ 62
Table 26: EU27 GHG intensity for freight activity per vehicle category (COPERT/SIBYL) ................. 63
Table 27: EU27 GHG intensity for passenger activity per vehicle category (PRIMES/TREMOVE)..... 64
Table 28: EU27 GHG intensity for freight activity per vehicle category (PRIMES/TREMOVE) ........... 65
Table 29: EU27 GHG intensity for passenger activity per vehicle category (MOVEID).............ccceenn.. 66
Table 30: EU27 GHG intensity for freight activity, heavy duty vehicles (MOVEID)...........cccooeeeeeieennnn. 67



11| LeMesurier

Measuring the 2ZERO KPls

LIST OF ABBREVIATIONS AND ACRONYMS

2ZERO Towards Zero Emission Road Transport

ACEA European Automobile Manufacturers Association
AQ Air Quality

As Arsenic

ATV All-Terrain Vehicle

BASt (German) Federal Highway Research Institute

BEV Battery Electric Vehicle

CAPEX Capital Expenditure

cc orcm? Cubic Centimetre

CE Circular Economy

CHa Methane

CINEA European Climate, Infrastructure and Environment Executive Agency
CLRTAP Convention on Long-Range Transboundary Air Pollution
CNG Compressed Natural Gas

CO Carbon monoxide

CO2 Carbon dioxide

CO2eq. Carbon dioxide equivalent

COPERT COmputer Program to calculate Emissions from Road Transport
Cr Chromium

CRM Critical Raw Materials

CSA Coordination and Support Action

Cu Copper

DG MOVE Directorate-General for Mobility and Transport

DG TAXUD Directorate-General for Taxation and Customs Union
DoA Description of Action

DT Digital Twin

Dx.y Deliverable number y of WPx

E85 Blends of 85% bioethanol in normal petrol

EAFO European Alternative Fuels Observatory

EAP Environment Action Programme

EBA European Battery Alliance

EC European Commission

ECF Energy Consumption Factor




| LeMesurier

Measuring the 2ZERO KPls
EEA European Environment Agency
EF Emission Factor
EGVIA European Green Vehicles Initiative Association
ELV End-of-Life Vehicles directive
EMEP European Monitoring and Evaluation Program
EOSC European Open Science Cloud
EPLCA European Platform on Life Cycle Analysis (LCA)
ERT European Round Table (for Industry)
ETC European Topic Centre
ETS Emissions Trading System
EU European Union
EV Electric Vehicle
FCEV Fuel Cell Electric Vehicle
FFV Flexible Fuel Vehicle
GA Grant Agreement
GDP Gross Domestic Product
GHG Greenhouse Gas
GO General Objective
Gv.km Giga vehicle kilometre
GVvwW Gross Vehicle Weight
GW Gigawatt
GW.h Gigawatt hour
HDT Heavy Duty Truck
HDV Heavy Duty Vehicle
Hg Mercury
ICE Internal Combustion Engine
P Intellectual Property
IPCC Intergovernmental Panel on Climate Change
JRC Joint Research Centre
km Kilometre
km/h Kilometres per hour
KPI Key Performance Indicator
kt Kilotonnes
ktoe Kilotonnes of Oil Equivalent
kw Kilowatt
kW.h Kilowatt hour

10



| LeMesurier

Measuring the 2ZERO KPls
| Litre
LCA Life Cycle Analysis
L-Category L-Category vehicles (mopeds, motorcycles, tricycles, quadricycles)
LCV Light Commercial Vehicle
LDV Light Duty Vehicle
LNG Liquefied Natural Gas
LPG Liquified Petroleum Gas
MS Member State
Mx Month x of the LeMesurier project
N20 Nitrous oxide
NECD National Emission reduction Commitments Directive
NHs Ammonia
Ni Nickel
NMVOCs Non-Methane VOCs
No. Number
NO:2 Nitrogen dioxide
NOx Nitrogen oxides
O3 Ozone
OEF Organisation Environmental Footprint
OEM Original Equipment Manufacturer
(e]e] Operational Objective
OPEX Operating Expense
PAHs Polycyclic aromatic hydrocarbons
Pb Lead
PC Passenger Car
PCDDs Polychlorinated dibenzo dioxins
PCDFs Polychlorinated dibenzo furans
PEF Product Environmental Footprint
PHEV Plugin Hybrid Electric Vehicle
p.km Passenger kilometre
PM Particulate Matter
PMzs Particulate Matter with a dimeter of 2.5 pm or less
PM1o Particulate Matter with a dimeter of 10 ym or less
PN Particle Number
POPs Persistent organic pollutants

PTW Powered Two-Wheelers




| LeMesurier

Measuring the 2ZERO KPls
PU Public
R&D Research and Development
RDE Real Driving Emissions
RIA Research and Innovation Action
SDG Sustainable Development Goal
Se Selenium
SO Specific Objective
SOz Sulphur dioxide
SRIA Strategic Research and Innovation Agenda
SuVv Sports Utility Vehicle
t Tonne
TEN-T Trans-European Transport Network
t.km Tonne kilometre
toe Tonnes of Oil Equivalent
tonCO2z€eq. Tonne of CO2 equivalent
TRL Technology Readiness Level
TtwW Tank-to-Wheel
Tx.y Task number y of WPx
UK United Kingdom
UNECE United Nations Economic Commission for Europe
UNFCCC United Nations Framework Convention on Climate Change
VAT Value Added Tax
VECTO Vehicle Energy Consumption Calculation Tool
v.km Vehicle kilometre
VOCs Volatile Organic Compounds
WHO World Health Organization
WP Work Package
WtW Well-to-Wheel
ZEV Zero Emission Vehicle
Zn Zinc
ZPAP Zero Pollution Action Plan

12



_ LeMesurier

) Measuring the 2ZERO KPIs

SUMMARY

This is the third deliverable in the framework of WP2: “Compound KPIs: Accounting” of the LeMesurier
project. It presents the results of the three vehicle parc model runs, i.e., COPERT/SIBYL,
PRIMES/TREMOVE and MOVEID. A discussion of these results is also provided. In addition, this
deliverable attempts to quantify the impact of the 2ZERO Partnership project portfolio on the EU vehicle
parc projections. Finally, the values of the Compound KPIs are provided.

EU projections

The document starts by presenting key projection results of the three models, namely:

e Fleetand activity data: new registrations and vehicle stock (per vehicle category, per fuel/energy
type), vehicle (v.km), passenger (p.km), and freight (t.km) activity data.

e Energy consumption (per vehicle category, per fuel/energy type).
e Greenhouse gases (per vehicle category).
The main conclusions are:

o Despite small differences in absolute values, all three models agree that the vehicle stock and
activity will follow an increasing trend up to 2050. Passenger cars account for the largest share
of passenger activity, while heavy duty trucks account for the largest share of freight activity.
Zero emission vehicles gradually enter into the European fleet year by year with an increasing
trend; their penetration rate increases significantly after 2035. The replacement rate of
conventional petrol and diesel vehicles with electric ones, as well as the deregistration rate of
old vehicles, is not the same in all three models. Specifically, COPERT/SIBYL estimates that
there will be a small but noticeable number of conventional vehicles still circulating on European
roads in 2050. On the other hand, PRIMES/TREMOVE and MOVEID estimate that the number
of these vehicles will be very close to zero.

e A direct consequence of the above is that the absolute values and decrease rate of GHG
emissions are not the same in all three models. Specifically, COPERT/SIBYL estimates slightly
higher GHG emission values after 2035 compared to PRIMES/TREMOVE and MOVEID.
Moreover, the COPERT/SIBYL GHG emission value in 2050 is noticeably above zero, since
there are still non-electric vehicles circulating as mentioned above. On the other hand,
PRIMES/TREMOVE and MOVEID values in 2050 are closer to zero.

e Regarding energy consumption, in all three models diesel and petrol together currently account
for the majority of energy use, but there is a gradual decrease trend in their values, followed by
an increase in electricity and hydrogen use. Nevertheless, since the increase of electricity and
hydrogen values does not compensate for the decrease of diesel and petrol, the overall road
transport energy consumption presents a decreasing trend until 2050, at least for
COPERT/SIBYL and PRIMES/TREMOVE.

o A significant difference of MOVEID is that e-fuels and methane make a significant contribution
in future energy use, while COPERT/SIBYL and PRIMES/TREMOVE do not include these fuels
in their projections. This results in a slightly increasing trend of energy consumption after 2035
in MOVEID. Finally, MOVEID considers full life cycle emissions, including manufacturing of
vehicles and (decarbonised) fuels in addition to operation. Hence, the absolute emission levels
are higher than those reported by the other vehicle parc models in the period 2020-2030.

Key indicative figures are provided below:

13
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Figure 1. EU27 stock energy shares (%) of all vehicle categories (COPERT/SIBYL)
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Figure 2: EU27 stock energy shares (%) of all vehicle categories (PRIMES/TREMOVE)
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Figure 3: EU27 stock energy shares (%) of all vehicle categories (MOVEID)
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Figure 4: EU27 GHGs (Mt COz2¢q.) per vehicle category (COPERT/SIBYL)
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Figure 5: EU27 GHGs (Mt COzeq.) per vehicle category (PRIMES/TREMOVE)
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Figure 6: EU27 GHGs (Mt CO2¢q.) per vehicle category (MOVEID)
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Quantifying the impact of 2ZERO technologies on the EU projections

After the EU projections, an estimation of how the 2ZERO vehicles (i.e., vehicles incorporating
technologies from the relevant 2ZERO projects) are expected to enter the European fleet is provided.
The potential impact of these ‘2ZERO technologies’ penetration into the EU vehicle parc projections is
investigated by creating and examining two distinct but comparable scenarios.

The first scenario is the one that each model already had as part of its implementation before the
LeMesurier project (‘reference’ or ‘intermediate’ scenario). The second scenario (‘2ZERO technologies’
or ‘measured’ scenario) attempts to reflect the impact of 2ZERO and, especially, to consider the
‘LeMesurier DT’ work of deliverable D2.2 [6]. Both scenarios have been built upon the same principles
regarding vehicle fleet evolution, activity projections and policy context, ensuring a consistent and fair
base for comparison.

The main conclusions are:

¢ In general, the uptake of 2ZERO technologies follows the same pattern in all three vehicle parc
models. Specifically, starting from 2030, a specific percentage of electric vehicle sales (BEV
and FCEV) each year are assumed to be vehicles incorporating relevant technologies from the
2ZERO project portfolio. The penetration curve of 2ZERO vehicles follows a sigmoid shape (S-
curve) reaching 100% in 2050. This sigmoid shape attempts to capture a slow initial uptake,
followed by an accelerated adoption, and then, a ‘saturation’ phase. A small difference is that
PRIMES/TREMOVE assumes an additional small increase in ZEV sales compared to its
‘reference’ scenario, while COPERT/SIBYL keeps the total number of ZEV sales unchanged in
both scenarios.

e The comparison of the two scenarios shows that the ‘2ZERO technologies’ gradually presents
a slightly lower total energy consumption compared to the ‘reference’ in all three vehicle parc
models. The difference (i.e. reduction) starts being visible in the period 2030-2035 (marking the
entrance of 2ZERO technologies into the vehicle fleet) and results in a percentage ranging from
2% to 7.7% lower value in 2050, depending on the model.

e The above results have been achieved solely through technology-driven improvements in
vehicle energy efficiency, without assuming any shifts in travel demand, modal distribution or
electrification shares significantly beyond what is already defined in the ‘reference’ scenario
assumptions.

Key indicative figures are provided below:
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Figure 7: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (COPERT/SIBYL)
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Figure 8: Comparison of 2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (PRIMES-TREMOVE)
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Figure 9: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, change in absolute values (MOVEID)
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Compound KPIs

Finally, the values of the following Compound KPlIs are provided?:

GO.KPI.3: Reduction of CO2 emission from road transport for all types of vehicles.
SO.KPI.1: Ability to determine, realistically and reliably, the energy intensity (tank-to-wheel).

SO.KPI.2: Reduce GHG of mobility of people and goods.

The main conclusions are:

GO.KPL.3: All three models show a significant reduction of CO2 emissions year by year. The
reduction is small in 2025 and gradually increases in 2030, 2035, and 2050. The percentage
reduction in 2050 compared to the base year 2019 or 2020 varies from 91% to 99.8% depending
on the model.

SO.KPI.1: The energy intensity (i.e., energy consumed per activity unit) for both passenger and
freight activity presents a continuous improvement (i.e., decline) year by year. This is mainly
attributed to the improved energy efficiency and to the gradual replacement of ICE vehicles with
electric ones, which in general consume less energy per activity unit compared to their
conventional (petrol and diesel) counterparts, i.e., they have higher efficiency. The only
exception to this general conclusion is that the energy intensity of MOVEID passenger activity
slightly increases after 2035, as the e-fuels enter the market and require higher upstream energy
provision, but remains well below the 2020 levels.

SO.KPI.2: The GHG intensity (i.e., GHG emissions per activity unit) for both passenger and
freight activity presents a continuous improvement (i.e., decline) year by year. This is mainly
attributed to the gradual replacement of ICE vehicles with electric ones. All three models end
up in values close to zero in 2050, with COPERT/SIBYL presenting slightly higher values than
the other two models due to the slightly higher number of non-electric vehicles still circulating
as mentioned above.

Key indicative figures are provided below:

1 The prefixes ‘GO’ and ‘SO’ are abbreviations of the terms “General Objective” and “Specific Objective” from
the 2ZERO SRIA (Strategic Research and Innovation Agenda) [2].
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Figure 10: Reduction of EU27 road transport CO2 emissions compared to 2019 (COPERT/SIBYL)
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Figure 11: Reduction of EU27 road transport CO2 emissions compared to 2019 (PRIMES/TREMOVE)

800,000
700,000
600,000
500,000
(4]
& 400,000
£
Xx
300,000
200,000
100,000 /\
- — e
2020 2025 2030 2035 2040 2045 2050
Buses Coaches
———Private cars ——Heavy duty vehicles

——Light duty vehicles (passenger)

Figure 12: EU27 road transport CO2 emissions per vehicle category (MOVEID)
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Figure 13: EU27 GHG intensity for passenger activity per vehicle category (COPERT/SIBYL)
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Figure 14: EU27 GHG intensity for passenger activity per vehicle category (PRIMES/TREMOVE)
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Figure 15: EU27 GHG intensity for passenger activity per vehicle category (MOVEID)
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1. INTRODUCTION

1.1 Work Package 2 within LeMesurier project and 2ZERO

2ZERO (Towards Zero Emission Road Transport) is a co-programmed Partnership launched in 2021,
funded under Horizon Europe and aiming to accelerate the transition towards zero tailpipe emission
road mobility across Europe. It promotes and facilitates pre-competitive research and innovation, with
an integrated system approach and investigation of hew technologies covering Battery and Fuel Cell
Electric Vehicles (BEV and FCEV) to boost EU competitiveness and technological leadership. 2ZERO
also supports economic growth and job creation within the EU [1].

The LeMesurier project aims to account the contribution of 2ZERO project portfolio towards the main
objectives of the Partnership and their targets, as measured against a set of Key Performance Indicators
(KPIs) for road transport. It is a Coordination and Support Action (CSA) project which determines a
common framework for measuring and monitoring the multiple and various KPIs, including their sources,
methods and reporting formats [8].

The first Work Package (WP) of LeMesurier, i.e., WP1: “Direct KPIs: Accounting”, assesses the majority
of “single count” parameters for which there is data available from direct reference to single sources,
i.e., 2ZERO projects or other sources (i.e., statistical databases, relevant reports and studies etc.). No
further complex calculations and detailed analysis or data processing are needed for determining the
specific KPI values in WP1.

On the other hand, the second WP of LeMesurier, i.e., WP2: “Compound KPIs: Accounting”, assesses
a smaller number of “compound parameters” which are derived from multiple input data and complex
calculations in order to measure the impact of 2ZERO on the road transport sector. In this context, a
modelling framework for measuring and monitoring the so-named “Compound KPIs” (i.e., indicators that
require detailed modelling, simulations and calculations) had to be established and realised.

The current document is the third deliverable of WP2, which is responsible for the accounting (i.e.,

measurement) of the Compound KPIs of LeMesurier project. The indicators presented here are amongst
the KPIs for 2ZERO given in the SRIA (Strategic Research and Innovation Agenda) [2].

1.2 Scope of D2.3 and its relation to LeMesurier work

Accounting for the Compound Parameter KPIs

1. SOURCES 2. Translating 3. MODELLING 4. Translating 5. COMPOUND
project results maodel outputs PARAMETER KPI
into model ———— into KPI -
inputs parameters Baseline KPI matrix

COPERT/SIBYL (2020%%)
EMISIA . —_—
Specific 2ZERO Changes in vehicle il Energy, CO,  \ Intermediate KPI
Digital Twin use technology, uptake, — opnare o 01 : \ matrix
= . . . PRIMES AQ, 095 AN 03
case modelling, material supply, . . . N . (2025, 2030, 2035)
- IREMOVE Competitive.,
as needed behavioural changes at e T /
- RIC / E3M CE. /
,,,,,,,,,,,,,,,,,,, specific dates etc. — /
- / ‘Measured” KPI matnx
Other sources MOV ]'-'!) / Taking account of
e.g Frontier EGVIA 2ZERO

project results
(2025, 2030, 2035)

* PRIMES/TREMOVE uses COPERT from EMISIA as an input
** The Baseline year 2020 was affected by the pandemic, hence whether this vear or a pre-pandemic vear is appropriate will be determined

Figure 16: Key figure of WP2: “Compound KPIs: Accounting”

Figure 16 is a key figure of WP2, created already since the writing of the LeMesurier proposal, and
summarises the main steps of the work as follows:
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Selection of 2ZERO projects that can provide input to one or more of the Compound KPIs.
Translation of project result into (vehicle parc) model inputs.
Usage of the (vehicle parc) models and production of relevant outputs.

Translation of (vehicle parc) model outputs into KPI parameters.

S A

Determination of the Compound KPIs, i.e., baseline, intermediate and measured values.

It is reminded that within LeMesurier the term ‘baseline’ refers to values for the ‘base’ year 2020 (or
2019 in order to avoid the impact of CoVId-19 crisis), while ‘intermediate’ and ‘measured’ refer to values
for the so-named ‘photo’ years 2025, 2030 and 2035. The difference between ‘intermediate’ and
‘measured’ is that the ‘intermediate’ values are derived from projection results without considering
2ZERO projects results etc. specifically; while the ‘measured’ values are those which have been
calculated by integrating in the projections the potential impact and any other consequence of the
2ZERO technology developments on the vehicle parc performance.

The first steps of the procedure (i.e., steps 1 and 2 in Figure 16) were to identify the relevant projects
and translate their results into inputs for the three vehicle parc models, i.e., COPERT/SIBYL [3],
PRIMES/TREMOVE [10] and MOVEID [7]. The selection of projects is described in deliverable D2.1 [9],
while the initial list of projects has been enriched in the course of LeMesurier.

The selected projects have been approached with a detailed questionnaire, asking for specific data and
information, while some have also been interviewed. At the time of performing this exercise, the majority
of projects could not provide ‘mature’ or final results. As such, their responses were describing what the
projects envisage to achieve when finished (in 2026 or 2027), i.e., when their respective vehicles,
components and technologies will be publicly available. The questionnaire and assessment of
responses are described in deliverable D2.2 [6].

A simulation approach within the LeMesurier project has been followed, enabling the estimation of the
behaviour (or consequence) of the 2ZERO technology development on the vehicle performance.
Physics-based vehicle models were developed on a commercial multiscale platform accounting for
longitudinal dynamics, powertrain, drivetrain and thermal management aspects. The aim of the
simulations was to derive energy consumption values for BEVs and FCEVs as a function of speed and
other parameters (i.e., ambient temperature, vehicle load, occupancy rate etc.). The details of these
models are described in deliverable D2.2 [6].

The next steps of the procedure (i.e., steps 3 and 4 in Figure 16) were to transfer and use the above
results with the three vehicle parc models in order to calculate the Compound KPIs. Baseline values
have already been provided in deliverable D2.2 [6]. The current deliverable D2.3 focuses on detailed
projection results from the three vehicle parc scenario model runs; it also provides specific Compound
KPI values derived from the projection results (step 5 in Figure 16).

The ‘intermediate’ and ‘measured’ KPI matrices, as well as combined results from the three models, will
be presented in more detail in the fourth and final deliverable of WP2, i.e., D2.4: “Calculated compound
parameter KPIs”. In this final deliverable, a more comprehensive treatment, including combined graphs
and in-depth discussion of trends and differences between the models, will be provided.

1.3 Structure of D2.3

This deliverable is organized into five sections, as follows:
e Section 1 is the current introductory section which provides the overall context and objectives

of this deliverable. It also outlines the relation of this deliverable with other work within
LeMesurier and, especially, WP2.
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e Section 2 presents detailed projection results of the three vehicle parc models, i.e., fleet and
activity data, energy consumption, and greenhouse gas (GHG) emissions.

e Section 3 provides an estimation of how the 2ZERO vehicles (i.e., vehicles incorporating
technologies from the relevant 2ZERO projects) are expected to enter the European fleet. The
potential impact of these ‘2ZERO technologies’ penetration into the EU vehicle parc projections
is investigated by creating and examining two distinct but comparable scenarios.

e Section 4 focuses on the Compound KPIs as such, by providing specific values for each KPI.

e Section 5 concludes this deliverable.
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2. EUPROJECTIONS

2.1 Main principles of each vehicle parc model

Before presenting detailed projection results, the main principles and underlying assumptions of each
vehicle parc model are summarised here; more details can be found in deliverable D2.2 [6].

2.1.1 COPERT/SIBYL

COPERT/SIBYL uses a bottom-up modelling approach by combining detailed statistical data for
historical years and assumptions consistent with the relevant legislation and regulations for projections
in the future. It includes detailed and disaggregated information on vehicle stock and new registrations
by vehicle category, fuel/energy type, and Euro standard. Most importantly, its methodology is
consistent with (and part of) the relevant EMEP/EEA air pollutant emission inventory guidebook — road
chapter [4].

In general, the model is consistent with the following regulatory framework and targets which define the
powertrain composition of the vehicle fleet in the future:

e The CO, emission performance standards for cars and vans.

e The proposed 2030 and 2040 CO, targets for heavy duty vehicles.
e The 100% zero-emission sales target for new urban buses by 2030.
e The “Fit for 55” package.

e The Euro 7 emission standards.

The 2040 Climate Target framework.

The output results produced by COPERT/SIBYL are based on a Tank-to-Wheel (TtW) analysis of energy
consumption and emissions, while a Well-to-Wheel (WtW) or even a Life Cycle Analysis (LCA) can be
provided externally as an add-on feature of the model. All data is available on an annual basis, but most
figures in this document are given on a per 5-year interval step for consistency with the other two vehicle
parc models.

2.1.2 PRIMES/TREMOVE

The PRIMES-TREMOVE projections are based on detailed modelling that incorporates high economic-
engineering details, covering the energy and transport nexus. The model’s rich representation of
sectors, agents and policies enable it to project the evolution of the transport system so as to also assess
impacts of policies and other levers.

The model’s starting point (calibration) is based on Eurostat energy balances and detailed statistics for
the transport sector, among others DG MOVE'’s Statistical Pocketbook, on stock, transport activity,
technology uptake etc. The model includes a large variety of policy measures (economic, regulatory,
soft, other) mirrored in scenarios that influence the projections.

The PRIMES/TREMOVE database is built on highly granular datasets for all EU Member States, based
on the latest statistical information on vehicle stock, new registrations, by vehicle category and segment,
technology and fuel type, Euro standard and age. As the model operates in time-period intervals (5-year
steps) it is fully calibrated to 2020, reflecting statistics. The year 2025 is semi-calibrated in that it
represents the most recent trends (latest data in the version used in this project up to 2022 or 2023, as
available by statistics). The projection period of the model is thus from 2025 to 2070.

24



_ LeMesurier

) Measuring the 2ZERO KPIs

The projections include a wealth of policies related to the transport sector (and the energy system),
building on the policy option of the impact assessment, accompanying the 2040 Climate Target Plan
that reaches 90% emissions reduction in 2040, compared to 1990. The projections also reflect the
legislative proposals of the “Fit for 55” policy package and other transport proposals put forward by the
EC during 2023.

The model is up to date with respect to the current regulatory environment, in that it implements the CO:2
emission standards regulation for both light and heavy duty vehicles, considering CO2 emission target
levels for 2030 and beyond, alongside, other regulations and legislative proposals underpinning the “Fit
for 55” policy package (e.g. among others the amendment of the Renewable Energy Directive, the ETS
system in road transport), not only affecting the transport sector but the energy system as a whole.
Therefore, besides the model’s techno-economic and behavioural drivers, projections of fleet and
technology uptake are also shaped by the regulatory environment.

2.1.3 MOVEID

MOVEID is a linear optimisation model minimising the cumulated GHG emissions from the EU27+UK
road sector until 2050 subject to various constraints. In its optimisation process, the model explicitly
accounts for infrastructure and raw material requirements of different drivetrains as well as technical
bottlenecks associated with their ramp-up. The linear optimisation model requires three key sets of data
input as follows:

e Per-vehicle requirements for all vehicle segments and powertrain technologies. Requirements
of the different vehicle segments and powertrain technologies on a per-vehicle basis.

e Associated raw material demand, GHG emissions and cost. MOVEID uses the associated raw
material demand, GHG emissions and costs by vehicle segment and powertrain technologies
on a per-vehicle basis.

e Technical bottleneck analysis. Reflecting the need for the ramp-up of raw material and
infrastructure elements associated with the different pathways considered, MOVEID uses the
build-up of infrastructure elements and raw material under ideal legal and financial conditions.

The inputs have been obtained from more than 50 experts from over 40 companies and organisations
in the transport and energy industry as part of the FVV Fuel Study IVb [7]. The model does not take into
account regulatory constraints or targets or commercial risks. All inputs and constraints are based on
technical feasibility of the implementation rather than regulatory frameworks.

By combining all the information available from the input dimensions (i.e. on vehicle fleet, infrastructure
requirements, GHG emissions and raw materials, CAPEX and OPEX as well as technical bottlenecks)

the model minimises the cumulated GHG emissions from the EU27+UK road sector until 2050 while
securing that the assumed road mobility demand can be met.

2.2 Fleet and activity data

In this subsection, detailed projection results for fleet and activity are presented for each vehicle parc
model. Specifically:

e Fleet data.
o New registrations (per vehicle category, per fuel/energy type).
o Vehicle stock (per vehicle category, per fuel/energy type).

e Activity data.

o Vehicle (v.km), passenger (p.km), and freight (t.km) activity data.
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2.2.1 New registrations and vehicle stock
COPERT/SIBYL

Figure 17 presents the new registrations (in million vehicles) per vehicle category (passenger cars, L-
category vehicles?, light commercial vehicles, heavy duty trucks, buses) in the period 2020-2050 on a
per 5-year interval step, while Table 1 provides the exact data values.

From this figure it is observed that passenger cars represent the majority of new registrations during
this period, followed by light commercial and L-category vehicles, while the numbers of heavy duty
trucks and buses are small compared to other vehicle categories.

In general, there is an increasing trend in the new registrations of all vehicle categories in order to

support the stock (see Figure 19) and activity (see Figure 28, Figure 29, Figure 30) increase dictated by
the EU Reference Scenario [5].

EU27 new registrations (million vehicles)
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Figure 17: EU27 new registrations per vehicle category (COPERT/SIBYL)

Table 1: EU27 new registrations per vehicle category (COPERT/SIBYL)

Buses 0.03 0.039 0.043 0.045 0.047 0.049 0.052
Heavy duty trucks 0.25 0.35 0.38 0.40 0.42 0.43 0.44
Light commercial vehicles 1.44 1.65 1.78 1.87 1.96 2.01 2.06
L-category vehicles 1.43 1.61 1.68 1.76 1.85 1.94 2.04
Passenger cars 9.95 11.98 13.09 14.04 14.75 14.75 14.75
Total 131 15.6 17.0 18.1 19.0 19.2 19.3

Figure 18 shows the evolution of fuel/energy shares in the new registrations of all vehicle categories.
There is a clear shift from internal combustion engine (ICE) vehicles towards zero-emission

2 Mopeds, motorcycles, tricycles, and quads.
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technologies, particularly BEVs and FCEVs. This shift becomes more intense after 2035 and continues
until 2050, in which almost all newly registered vehicles are pure electric.

EU27 new registrations (energy share %)
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Figure 18: EU27 new registrations energy shares (%) of all vehicle categories (COPERT/SIBYL)

Figure 19 presents the stock (in million vehicles) per vehicle category in the period 2020-2050 on a per
5-year interval step, while Table 2 provides the exact data values. Similarly to the new registrations,
passenger cars represent the majority of vehicles during this period, followed by L-category and light
commercial vehicles, while the numbers of heavy duty trucks and buses are small compared to other
vehicle categories. There is an increasing trend in the stock of all vehicle categories in order to support
the activity increase (see Figure 28, Figure 29, Figure 30) dictated by the EU Reference Scenario [5].
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Figure 19: EU27 stock per vehicle category (COPERT/SIBYL)
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Table 2: EU27 stock per vehicle category (COPERT/SIBYL)

Buses 0.748 0.751 0.795 0.833 0.876 0.929 0.984
Heavy duty trucks 6.2 6.5 7.1 7.5 7.6 7.8 8.1
Light commercial vehicles 28.2 30.9 32.6 34.2 35.1 36.3 37.3
L-category vehicles 39.2 41.3 42.1 43.1 44.4 45.9 47.7
Passenger cars 243.6 249.9 259.0 269.0 272.3 275.2 277.2
Total 318 329 342 355 360 366 371

Figure 20 shows the evolution of fuel/energy shares in the stock of all vehicle categories. From this
figure, it is observed that the ICE vehicles are gradually replaced by BEVs and FCEVs, but there is still
a noticeable number of petrol and diesel vehicles circulating on the European roads in 2050.
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Figure 20: EU27 stock energy shares (%) of all vehicle categories (COPERT/SIBYL)

PRIMES/TREMOVE

Figure 21 presents the new registrations (in million vehicles) per vehicle category (private cars, 2-
wheelers, light duty vehicles, heavy duty vehicles, buses, coaches) in the period 2020-2050 on 5-year
intervals (i.e., 2016-2020, 2021-2025, 2026-2030, 2031-2035, 2036-2040, 2041-2045, 2046-2050),
while Table 3 provides the exact data values. From this figure it is observed that private cars account
for the largest share of new registrations, followed by 2-wheelers and light duty vehicles.
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Figure 21: EU27 new registrations per vehicle category (PRIMES/TREMOVE)

Table 3: EU27 new registrations per vehicle category (PRIMES/TREMOVE)

Light duty vehicles 7.55 11.43 10.52 10.25 11.37 11.54 11.28
Heavy duty vehicles 1.69 2.42 2.32 2.07 2.47 2.57 2.44
2-wheelers 7.56 16.63 15.09 13.96 15.69 18.02 18.39
Private cars 63.92 75.13 84.90 84.91 90.66 90.12 85.04
Coaches 0.11 0.11 0.16 0.14 0.15 0.17 0.17
Buses 0.08 0.09 0.14 0.13 0.12 0.15 0.15
Total 80.91 105.81 113.14 111.46 120.46 122.56 117.47

Figure 22 shows the evolution of fuel/energy shares in the new registrations of all vehicle categories.
There is a clear shift from ICE vehicles towards zero-emission technologies, i.e., electric and hydrogen.
This shift becomes more intense after 2035 and continues until 2050, in which almost all newly
registered vehicles are pure electric.
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Figure 22: EU27 new registrations energy shares (%) of all vehicle categories (PRIMES/TREMOVE)

Figure 23 presents the stock (in million vehicles) per vehicle category in the period 2020-2050 on a per
5-year interval step, while Table 4 provides the exact data values. Similarly to the new registrations,
private cars represent the majority of vehicles during this period, followed by 2-wheelers and light duty
vehicles, while the numbers of heavy duty vehicles, buses and coaches, are small compared to other
vehicle categories. From this figure it is observed that there is a small increasing trend in the period

2030-2050.
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Figure 23: EU27 stock per vehicle category (PRIMES/TREMOVE)

30



S| LeMesurier

Measuring the 2ZERO KPls

Table 4: EU27 stock per vehicle category (PRIMES/TREMOVE)

Light duty vehicles 29.56 30.41 31.17 32.65 34.51 35.25 35.82
Heavy duty vehicles 6.34 6.73 7.20 7.59 8.10 8.33 8.52
2-wheelers 36.26 33.66 34.52 35.69 38.07 40.64 43.32
Private cars 250.70 248.43 246.07 249.96 258.90 265.09 264.90
Coaches 0.39 0.37 0.42 0.45 0.48 0.51 0.53
Buses 0.35 0.33 0.38 0.40 0.43 0.46 0.47
Total 323.60 319.94 319.77 326.73 340.48 350.29 353.57

Figure 24 shows the evolution of fuel/energy shares in the stock of all vehicle categories. From this
figure, it is observed that the ICE vehicles are gradually replaced by electric and hydrogen, but there is
still a small number of petrol and diesel vehicles circulating on the European roads in 2050.
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Figure 24: EU27 stock energy shares (%) of all vehicle categories (PRIMES/TREMOVE)

MOVEID

Figure 25 shows new registrations, in millions of vehicles, by category (private cars, light duty vehicles,
heavy duty vehicles, buses and coaches) over 2025 to 2050, presented in five-year intervals. Table 5
provides the underlying data. Private cars account for the largest share of new registrations, followed
by light duty vehicles.
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Figure 25: EU27 new registrations per vehicle category (MOVEID)

Table 5: EU27 new registrations per vehicle category (MOVEID)

Light duty vehicles 8.83 10.80 8.90 9.39 11.90 11.12
Heavy duty vehicles 3.80 3.59 3.61 3.80 3.83 3.83
Private cars 76.47 83.64 69.52 76.53 98.20 84.85
Coaches 0.09 0.04 0.07 0.08 0.05 0.12
Buses 0.31 0.17 0.18 0.34 0.16 0.26
Total 89.49 98.25 82.28 90.14 114.14 100.17

Figure 26 shows the vehicle stock (million vehicles) by category over 2020 to 2050 in five-year intervals;
Table 6 contains the underlying data. Private cars make up most of the stock, followed by light duty
vehicles, with heavy duty vehicles, buses and coaches small by comparison. The total stock increases
modestly between 2030 and 2050.
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Figure 26: EU27 stock per vehicle category (MOVEID)

Table 6: EU27 stock per vehicle category (MOVEID)

Light duty vehicles 28.90 29.40 29.88 31.71 32.97 34.38 35.93
Heavy duty vehicles 6.23 6.24 6.30 6.37 6.47 6.60 6.75
Private cars 246.17 247.53 251.19 256.06 263.35 274.95 286.81
Coaches 0.14 0.14 0.15 0.15 0.16 0.17 0.19
Buses 0.55 0.55 0.57 0.60 0.63 0.66 0.70
Total 281.98 283.86 288.08 294.90 303.59 316.76 330.37

Figure 27 shows how fuel and energy shares evolve across the vehicle stock. The mix shifts away from
diesel and petrol towards e-fuels, methane and zero-emission technologies (electric and hydrogen), with
the transition accelerating after 2035. This mix is a model result.
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Figure 27: EU27 stock energy shares (%) of all vehicle categories (MOVEID)

2.2.2 Vehicle (v.km), passenger (p.km), and freight (t.km) activity

Transport activity is reported in vehicle-kilometres (v.km) for vehicles, passenger-kilometres (p.km) for
passengers, and tonne-kilometres (t.km) for goods.

COPERT/SIBYL

Figure 28 presents the evolution of vehicle activity (in trillion v.km) per vehicle category. From this figure
it is observed that passenger cars have the highest activity values, followed by light commercial vehicles
and heavy duty trucks, while the values of L-category vehicles and buses are small compared to other
vehicle categories. The total vehicle activity increases from almost 3 trillion v.km in 2020 to more than
4 trillion v.km in 2050.
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Figure 28: EU27 vehicle activity (v.km) per vehicle category (COPERT/SIBYL)
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Figure 29 presents the evolution of passenger activity (in trillion p.km) per vehicle category used for
passenger transport. From this figure it is observed that passenger cars have the highest activity values,
followed by buses and light commercial vehicles (used for passenger transport), while the values of L-
category vehicles are small compared to other vehicle categories.
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Figure 29: EU27 passenger activity (p.km) per vehicle category (COPERT/SIBYL)

Figure 30 presents the evolution of freight activity (in trillion t.km) per vehicle category used for the
transport of goods. From this figure it is observed that heavy duty trucks have the highest activity values,
while the values of light commercial vehicles (used for freight transport) are small compared to heavy
duty trucks.

EU27 freight activity (trillion t.km)

25

2.0

15 Heavy Duty Trucks

M Light Commercial Vehicles

1.0 (freight)

0.5

) W) O Nl O \e) Q
v v P > P P $H'
S T T AT S

Figure 30: EU27 freight activity (t.km) per vehicle category (COPERT/SIBYL)

PRIMES/TREMOVE

Figure 31 presents the evolution of vehicle activity (in trillion v.km) per vehicle category. From this figure
itis observed that private cars have the highest activity values, followed by light and heavy duty vehicles,
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while the values of 2-wheelers, buses and coaches, are small compared to other vehicle categories.
The total vehicle activity increases from 2.65 trillion v.km in 2020 to 3.68 trillion v.km in 2050.
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Figure 31: EU27 vehicle activity (v.km) per vehicle category (PRIMES/TREMOVE)

Figure 32 presents the evolution of passenger activity (in trillion p.km) per vehicle category used for
passenger transport. From this figure it is observed that private cars have the highest activity values,
followed by buses & coaches together and light duty vehicles (used for passenger transport), while the
values of 2-wheelers are small compared to other vehicle categories.
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Figure 32: EU27 passenger activity (p.km) per vehicle category (PRIMES/TREMOVE)

Figure 33 presents the evolution of freight activity (in trillion t.km) per vehicle category used for the
transport of goods. From this figure it is observed that trucks have the highest activity values, while the
values of light duty vehicles (used for freight transport) are small compared to heavy duty trucks.
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Figure 33: EU27 freight activity (t.km) per vehicle category (PRIMES/TREMOVE)

MOVEID

Figure 34 shows passenger activity by mode (trillion p.km). Passenger cars account for the highest
activity, followed by buses.
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Figure 34: EU27 passenger activity (p.km) per vehicle category (MOVEID)

Figure 35 shows freight activity for heavy duty vehicles (trillion t.km).

37



II -
"1} LeMesurier

Measuring the 2ZERO KPIs

3.0

2.5
2.
1.
1.
0.

2020 2025 2030 2035 2040 2045 2050

Mobility (Ttkm)
[@)] o

o

)]

m Heavy duty vehicles
Figure 35: EU27 freight activity (t.km) for heavy duty vehicles (MOVEID)

2.3 Energy consumption

In this subsection, detailed projection results for the energy consumption are presented for each vehicle
parc model. Specifically, the energy needed for vehicles’ operation and circulation on the roads is
provided per vehicle category and per fuel/energy type.

2.3.1 COPERT/SIBYL

Figure 36 presents the evolution of road transport energy consumption (in Mtoe) per vehicle category in
the period 2020-2050 on a per 5-year interval step, while Table 7 provides the exact data values. From
this figure it is observed that passenger cars have the highest values, followed by heavy duty trucks,
while the values of light commercial vehicles, buses and L-category vehicles are small compared to
other vehicle categories.

In general, there is a decreasing trend in the total energy consumption from all road vehicles. This is
mainly attributed to the improved energy efficiency and to the gradual replacement of ICE vehicles with
electric ones, which in general consume less energy per activity unit compared to their conventional
(petrol and diesel) counterparts, i.e., they have higher efficiency. It is worth mentioning that the energy
values for historical years are consistent with statistical data from Member States submissions in
UNFCCC [11].
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Figure 36: EU27 energy consumption (Mtoe) per vehicle category (COPERT/SIBYL)

Table 7: EU27 energy consumption (Mtoe) per vehicle category (COPERT/SIBYL)

Buses 9.4 9.9 9.5 8.9 8.7 8.8 9.3
Heavy duty trucks 59 66 69 70 65 60 57
Light commercial vehicles 27 32 32 28 20 14 12
L-category vehicles 2.9 3.1 2.9 2.6 2.2 1.7 1.6
Passenger cars 136 160 147 122 85 64 59
Total 235 272 260 232 181 149 138

Figure 37 presents the evolution of road transport energy consumption (in Mtoe) per fuel/energy type in
the period 2020-2050 on a per 5-year interval step, while Table 8 provides the exact data values. From
this figure it is observed that diesel and petrol together currently account for the majority of energy use,
but there is a gradual decrease trend in their values, followed on the other hand by an increase in
electricity and hydrogen use. Nevertheless, since the increase of electricity and hydrogen values does
not compensate for the decrease of diesel and petrol, the overall road transport energy consumption
presents a decreasing trend until 2050.
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Figure 37: EU27 energy consumption (Mtoe) per fuel/energy type (COPERT/SIBYL)

Table 8: EU27 energy consumption (Mtoe) per fuel/energy type (COPERT/SIBYL)

Hydrogen 0.0 0.0 11 51 13.5 23.6 33.0
Electricity 0.5 4.3 14.2 31.2 55.0 71.8 79.5
CNG 2.0 2.1 3.9 55 5.8 4.2 2.6
LPG 2.2 2.6 2.8 2.3 1.3 0.4 0.1
Petrol 60.5 78.9 79.8 64.1 31.6 10.2 3.2
Diesel 169.3 183.6 158.3 123.1 73.5 38.9 19.5
Total 235 272 260 232 181 149 138

2.3.2 PRIMES/TREMOVE

Figure 38 presents the evolution of road transport energy consumption (in Mtoe) per vehicle category in
the period 2020-2050 on a per 5-year interval step, while Table 9 provides the exact data values. From
this figure it is observed that private cars have the highest values, followed by heavy duty vehicles
(trucks) and light duty vehicles, while the values of buses, coaches and L-category vehicles are small
compared to other vehicle categories.

In general, there is a decreasing trend in the total energy consumption from all road vehicles. This is
mainly attributed to the improved energy efficiency and to the gradual replacement of ICE vehicles with
electric ones, which in general consume less energy per activity unit compared to their conventional
(petrol and diesel) counterparts, i.e., they have higher efficiency.
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Figure 38: EU27 energy consumption (Mtoe) per vehicle category (PRIMES/TREMOVE)

Table 9: EU27 energy consumption (Mtoe) per vehicle category (PRIMES/TREMOVE)

Light duty vehicles 23.2 24.3 214 16.3 11.6 8.5 7.3
Heavy duty vehicles 60.6 54.6 50.7 47.6 44.1 40.4 38.7
(trucks)

Private cars 146.0 158.0 133.8 96.8 65.7 48.7 41.0
2-wheelers 25 2.7 25 2.3 1.8 1.4 1.1
Coaches 2.2 2.8 3.0 2.9 2.8 3.0 3.0
Buses 3.4 3.8 3.1 2.3 1.8 15 15
Total 237.9 246.1 214.5 168.0 127.9 103.5 92.6

2.3.3 MOVEID

Figure 39 shows road transport energy consumption® by vehicle category over 2020 to 2050 in five-year
intervals (Mtoe); Table 10 contains the data. Private cars consume the most energy, followed by heavy
and light duty vehicles, with buses and coaches consuming relatively little. Total energy use falls to
around 2035, then rises slightly to 2050. The series includes e-fuels.

3 Since MOVEID optimises the fleet mix, fuel consumption is a model output.
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Figure 39: EU27 energy consumption (Mtoe) per vehicle category (MOVEID)

Table 10

: EU27 energy consumption (Mtoe) per vehicle category (MOVEID)

Light duty vehicles 29 28 26 27 27 28 29
Heavy duty vehicles 153 121 91 71 64 64 65
Private cars 165 149 134 117 119 127 135
Coaches 3 2 2 2 2 2 2
Buses 7 5 4 4 4 4 5
Total 355 305 257 220 217 225 237

Figure 40 shows road transport energy consumption by fuel/energy type over 2020 to 2050 in five-year
intervals (Mtoe); Table 11 contains the data. Diesel and gasoline (i.e., petrol) currently dominate, but
decline over time, while e-fuels, methane and electricity increase.
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Figure 40: EU27 energy consumption (Mtoe) per fuel/energy type (MOVEID)
Table 11: EU27 energy consumption (Mtoe) per fuel/energy type (MOVEID)

Electric 1 6 21 44 55 56 58

Methane Plug-in Hybrid - - - - - - -

E-fuel Plug-in Hybrid - - 3 3 4 4 4
Hydrogen - - 17 35 30 25 20
Methane 6 5 28 57 74 83 93
E-fuel - - - 66 53 57 62
Gasoline 97 76 48 4 - - -
Diesel 252 218 139 11 - - -
Total 355 305 257 220 217 225 237
2.4 GHGs

In this subsection, detailed projection results for the GHG emissions are presented per vehicle category
for each vehicle parc model.

2.4.1 COPERT/SIBYL

Figure 41 presents the evolution of road transport GHG emissions (in Mt CO2eq.) per vehicle category in
the period 2020-2050 on a per 5-year interval step, while Table 12 provides the exact data values. From
this figure it is observed that passenger cars have the highest values, followed by heavy duty trucks and
light commercial vehicles, while the values of buses and L-category vehicles are small compared to
other vehicle categories. In general, there is a significant decreasing trend in the total GHGs from all
road vehicles. This is mainly attributed to the gradual replacement of ICE vehicles with electric ones.
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The value in 2050 is close to zero, but not absolutely a zero value. This is because there are still some
non-electric vehicles circulating in European roads in 2050, their number varies depending on the

vehicle category.
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Figure 41: EU27 GHGs (Mt COzeq.) per vehicle category (COPERT/SIBYL)

Table 12: EU27 GHGs (Mt COz2eq.) per vehicle category (COPERT/SIBYL)

Buses 29 30 26 20 13 6.8 3.6
Heavy Duty Trucks 187 210 210 195 150 99 57
Light Commercial Vehicles 86 102 96 78 41 13 3
L-Category 9.1 9.5 8.7 7.7 6.3 4.7 4
Passenger Cars 422 486 422 302 130 36 7.6
Total 733 837 762 602 341 160 75

2.4.2 PRIMES/TREMOVE

Figure 42 presents the evolution of road transport GHG emissions (in Mt CO2¢q.) per vehicle category in
the period 2020-2050 on a per 5-year interval step, while Table 13 provides the exact data values. From
this figure it is observed that private cars have the highest values, followed by heavy duty vehicles
(trucks) and light duty vehicles, while the values of buses and coaches are small compared to other
vehicle categories. In general, there is a significant decreasing trend in the total GHGs from all road
vehicles. This is mainly attributed to the gradual replacement of ICE vehicles with electric ones. The
value in 2050 is almost zero, meaning that the number of non-electric vehicles still circulating in

European roads in this year is very small (almost negligible).
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Figure 42: EU27 GHGs (Mt COzeq.) per vehicle category (PRIMES/TREMOVE)

Table 13: EU27 GHGs (Mt COz2eq.) per vehicle category (PRIMES/TREMOVE)

Light duty vehicles 65.9 68.6 59.7 333 10.1 11 0.03
Heavy duty vehicles 182.5 165.6 147.5 103.9 45.7 6.9 0.17
(trucks)

Private cars 409.6 433.0 347.3 185.8 56.9 9.1 1.44
2-wheelers 7.0 7.4 6.8 4.9 2.3 0.5 0.05
Coaches 6.3 7.9 8.0 5.3 2.0 0.3 0.01
Buses 9.5 10.3 7.1 3.6 1.2 0.2 0.03
Total 671.2 682.5 569.1 333.1 117.1 18.0 1.7

2.4.3 MOVEID

Figure 43 shows road transport life cycle greenhouse gas (GHG) emissions* by vehicle category over
2020 to 2050 in five-year intervals (in Mt COzeq); Table 14 contains the data. Private cars have the
highest emissions, followed by heavy and light duty vehicles, with buses and coaches low by
comparison. Total GHG emissions fall sharply, reflecting the shift from internal combustion engines to
electric vehicles and greater use of e-fuels, approaching zero by 2050.

It is clarified that, differently to COPERT/SIBYL and PRIMES/TREMOVE, MOVEID considers full life
cycle emissions of vehicles, including manufacturing of vehicles and (decarbonised) fuels in addition to
operation. Hence, the absolute emission levels are significantly higher in the period 2020-2030 than
those reported by the other vehicle parc models.

4 Since MOVEID optimises the fleet mix, total emissions are a model output.
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Figure 43: EU27 GHGs (Mt COzeq.) per vehicle category (MOVEID)

Table 14: EU27 GHGs (Mt COz2eq.) per vehicle category (MOVEID)

Light duty vehicles 103 121 91 28 12 13 4
Heavy duty vehicles 545 495 268 32 26 21 9
Private cars 595 684 448 126 81 63 22
Coaches 9 7 3 0 0 0 0
Buses 24 19 9 2 1 0 0
Total 1,276 1,326 819 188 120 98 35
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3. QUANTIFYING THE IMPACT OF 2ZERO
TECHNOLOGIES ON THE EU PROJECTIONS

This section attempts to quantify the impact of 2ZERO vehicles and technologies on the EU projections.
For this purpose, two distinct but comparable scenarios are examined for each vehicle parc model.

The first scenario is the one that each model already had as part of its implementation before the
LeMesurier project. This is usually called as the ‘baseline’ or ‘reference’ scenario in the terminology of
the models. In the framework of LeMesurier, the term ‘intermediate’ has been proposed for this scenario
in order to describe the situation that would not take into account the 2ZERO projects and technologies
in the future. In the figures of this section the term ‘reference’ or ‘baseline’ is preferred for this scenario.

The second scenario, named as 2ZERO’ or 2ZERO technologies’ in this section, attempts to reflect
the impact of 2ZERO mostly based on the work that has been described in deliverable D2.2 [6] and,
especially, the so-named ‘LeMesurier Digital Twin (DT) therein. In the framework of LeMesurier, the
term ‘measured’ has been proposed for this scenario in order to describe the situation that takes into
account the 2ZERO projects and technologies in the future. In the figures of this section the term ‘2ZERO
technologies’ or ‘2ZERQ’ is preferred for this scenario.

It is clarified that both scenarios have been built upon the same principles regarding vehicle fleet
evolution, activity projections and policy context, ensuring a consistent and fair base for comparison. A
significant parameter for the second scenario is how the 2ZERO technologies will enter the market. The
relevant assumptions are described separately for each vehicle parc model.

The following subsections present the comparison of the two scenarios (as described above) for each
vehicle parc model.

3.1 COPERT/SIBYL

3.1.1 Uptake of 2ZERO technologies

Figure 44 shows the penetration of 2ZERO vehicle technologies into the COPERT/SIBYL-based
projections. Specifically, this figure gives the percentage of 2ZERO vehicles in the new registrations of
BEVs and FCEVs.

Starting from 2030, a specific percentage of electric vehicle sales (BEV and FCEV) each year are
assumed to be 2ZERO vehicles, i.e., vehicles incorporating relevant technologies from the 2ZERO
project portfolio. The penetration curve follows a sigmoid shape (S-curve) reaching 100% in 2050.

The exact values are shown in Table 15. For example, in 2035, 10% of electric vehicle sales (BEV and
FCEV) are 2ZERO vehicles.

The main assumption for this penetration curve is that the 2ZERO vehicles and relevant technologies
are expected to be ready to enter the market starting from 2030. The sigmoid shape attempts to capture
a slow initial uptake, followed by an accelerated adoption, and then, a ‘saturation’ phase.

For simplicity, this curve is applied to all vehicles categories, i.e., cars, vans, trucks, buses, L-category.
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Figure 44: 2ZERO technologies penetration in COPERT/SIBYL-based projections

Table 15: 2ZERO technologies penetration in COPERT/SIBYL-based projections

2030 2035 2040 2045

Percentage of 2ZERO vehicles in the new

0, 0, 0, 0, 0,
registrations of BEVs and FCEVs® 5% 10% 48% 94% 100%

The uptake of 2ZERO technologies, as described above, is the main difference between the two
scenarios, i.e., the ‘reference’® and the ‘2ZERO’” one.

3.1.2 Impact of 2ZERO on the reference scenario

Figure 45 compares the 2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption in absolute values (Mtoe), while Figure 46 presents a similar comparison
as percentage decrease of energy with 2ZERO. From these figures it can be observed that the ‘2ZERO
technologies’ scenario gradually presents a slightly lower total energy consumption value from the road
transport sector; this difference starts being visible in the period 2030-2035 (marking the entrance of
2ZERO technologies into the vehicle fleet) and results in 2% lower value in 2050. Although this
percentage may appear small, it corresponds to a considerable absolute energy ‘saving’, i.e., a lower
value of energy by 2.8 Mtoe in year 2050.

It is worth mentioning that the above results have been achieved solely through technology-driven
improvements in vehicle energy efficiency, without assuming any shifts in travel demand, modal
distribution or electrification shares beyond what is already defined in the ‘reference’ scenario
assumptions. The main difference of the ‘2ZERO technologies’ scenario compared to the ‘reference’
one is the updated simulation model that has been used for electric vehicles’ energy consumption and
the updated energy values and curves that have been derived from this model (see the ‘LeMesurier
Digital Twin (DT)’ work in deliverable D2.2 [6]). Hence, for the percentage of electric vehicles considered
as 2ZERO (according to Figure 44) the updated model was used; the remaining part of (non-2ZERO)
electric vehicles continued using the previous values already embedded in COPERT/SIBYL.

5 Across all vehicles categories, i.e., cars, vans, trucks, buses and L-category.
5 Or ‘baseline’ or ‘intermediate’.
7 Or ‘measured’.
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The above results confirm that advanced BEV and FCEV technologies from the 2ZERO Partnership can
have a positive and measurable contribution towards environmental, energy, and decarbonization
targets at European level.
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Figure 45: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (COPERT/SIBYL)
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Figure 46: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, percentage decrease with 2ZERO (COPERT/SIBYL)

Table 16 shows the contribution of each vehicle category (i.e., passenger cars, L-category vehicles,
light commercial vehicles, heavy duty trucks, buses) on the decrease of total road transport energy
consumption that has been presented above. From this table, it is observed that all vehicle categories
present marginally lower energy values in the ‘2ZERO technologies’ scenario compared to the
‘reference’ one and the difference between the two scenarios becomes more visible as we are
approaching the year 2050.
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Table 16: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, per vehicle category (COPERT/SIBYL)

2ZERO technologies 9,450 8,920 8,570 8,430 8,880
Buses
Reference 9,460 8,950 8,680 8,760 9,350
2ZERO technologies 69,326 70,094 65,222 59,386 54,998
Heavy duty trucks
Reference 69,328 70,126 65,456 60,345 56,665
Light commercial 2ZERO technologies 31,570 27,703 19,661 13,674 11,572
vehicles Reference 31,570 27,706 19,678 13,720 11,642
2ZERO technologies 2,904 2,597 2,223 1,736 1,565
L-category
Reference 2,904 2,598 2,224 1,741 1,573
Passenger cars 2ZERO technologies 147,075 122,129 84,647 64,095 58,065
Reference 147,077 122,160 84,788 64,474 58,617
2ZERO technologies 260,328 231,446 180,318 147,324 135,075
Total
Reference 260,335 231,539 180,821 149,037 137,843

3.2 PRIMES/TREMOVE
3.2.1 Uptake of 2ZERO technologies

Figure 47 shows the zero emission vehicles (ZEVs) stock increase with 2ZERO technologies in
PRIMES/TREMOVE-based projections. The underlying assumption is that the efficiency improvements
of 2ZERO vehicles create energy savings that reduce the total user costs of ZEVs, thus, increasing the
uptake of the relevant vehicle technologies. This translates into a 50,000 vehicles increase of the EU
ZEV fleet in 2030, 86,000 in 2035, 355,000 in 2040, and 1,150,000 in 2050.

Zero BEmission \ehicles stock, BU27 - increase with
27FRO
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Figure 47: Zero emission vehicles stock increase with 2ZERO technologies (PRIMES/TREMOVE)
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3.2.2 Impact of 2ZERO on the reference scenario

The main difference between the PRIMES/TREMOVE ‘reference’ and the ‘2ZERO technologies’
scenario is the updated simulation model that has been used for the electric vehicles’ energy
consumption and the updated energy values and curves that have been derived from this model (see
the ‘LeMesurier Digital Twin (DT) work in deliverable D2.2 [6]). It is clarified that the ‘reference’ scenario
already incorporated a degree of technological advancements. To avoid double counting the impact of
2ZERO, a stepwise approach has been followed.

At first, in the ‘reference’ scenario the technological progress on energy efficiency improvements for
passenger cars and vans was removed. For heavy duty vehicles the limited energy efficiency
improvements were retained. As such, the ‘reference’ scenario represents minimal technical progress
on energy efficiency, driven primarily by cost-efficiency improvements over time due to scale effects,
learning etc., applied from 2030 onwards.

Then, the efficiency improvements for cars and vans were reintroduced in the ‘2ZERO technologies’
scenario. For heavy duty vehicles, a uniform average improvement was applied, calculated from the
energy curves for BEV and FCEV trucks. Since PRIMES/TREMOVE does not explicitly take into account
the ambient temperature as a model parameter, the average annual temperature was estimated by
country to apply country-specific adjustments to the efficiency curves. To determine the average
efficiency improvement, a proxy for average speed and v.km activity at EU level was used. Country-
specific differentiation was introduced using weights derived from literature. The varying efficiency
improvements over time influence transport costs (e.g., via energy consumption), which in turn affect
the model’s agent decisions regarding vehicle purchases and other behavioural aspects.

Finally, the same sigmoid penetration curve of 2ZERO vehicles in the new ZEV registrations was used
(as presented earlier).

All other assumptions in the ‘2ZERO technologies’ scenario, including macroeconomic drivers,
technology costs, regulatory frameworks, and broader decarbonization pathways, remained the same
as in the ‘reference’ scenario.

Figure 48 compares the 2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption in absolute values (Mtoe), while Figure 49 presents a similar comparison
as percentage decrease of energy with 2ZERO. From these figures it can be observed that the 2ZERO
technologies’ scenario gradually presents a lower total energy consumption value from the road
transport sector; this difference starts being visible in the period 2030-2035 (marking the entrance of
2ZERO technologies into the vehicle fleet) and results in 7.7% lower value in 2050, which translates into
a lower value of energy by 7 Mtoe in this year. This energy ‘saving’ is attributed to energy efficiency
improvements of the various ZEV technologies (including the 2ZERO ones) and to the higher
penetration of ZEVs into the fleet.
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Figure 48: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, absolute values (PRIMES-TREMOVE)
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Figure 49: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, percentage decrease with 2ZERO (PRIMES-TREMOVE)

3.3 MOVEID

In order to study the impact of 2ZERO technologies on the EU projections with the MOVEID model, the
updated energy values and curves that have been derived from the ‘LeMesurier Digital Twin (DT)’ (see
deliverable D2.2 [6]) have been translated for selected BEVs and FCEVs into changes in vehicle
characteristics and infrastructure requirements. All other parameters, such as new registrations and
mobility demand, remained unchanged.

Figure 50 compares the ‘2ZERO technologies’ vs. ‘reference’ scenario by presenting the change in
absolute values of EU27 road transport TtW energy consumption (Mtoe).
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Figure 50: Comparison of ‘2ZERO technologies’ vs. ‘reference’ scenario regarding the EU27 road
transport energy consumption, change in absolute values (MOVEID)
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4. COMPOUND KPIS

This section presents the ‘measured values’ of the Compound KPIs as calculated by each of the three
vehicle parc models, i.e., the KPI values that have been derived by integrating in the projections the
potential impact and any other consequence of the 2ZERO technology developments on the vehicle
parc performance (2ZERO technologies’ scenario). The results are reported for the so-named ‘photo
years’ in the framework of LeMesurier, i.e., 2025, 2030 and 2035, while the year 2050 is also included
in order to show the projection of KPIs after 25 years from now. The KPIs presented in this section are:

e GO.KPIL.3: Reduction of CO2 emission from road transport for all types of vehicles.

o This has been interpreted as “calculation of the CO2 emissions and check for reduction
over the years etc”.

e SO.KPI.1: Ability to determine, realistically and reliably, the energy intensity (tank-to-wheel).

o This has been interpreted as “calculation of the energy intensity of passenger and
freight activity”.

e SO.KPI.2: Reduce GHG of mobility of people and goods.

o This has been interpreted as “calculation of the GHG intensity of passenger and freight
activity and check for reduction over the years etc”.

4.1 GO.KPI.3: Reduction of CO2 emission from road transport
for all types of vehicles

4.1.1 COPERT/SIBYL

This KPI measures the change in CO2 emissions from road transport in the EU27 compared to a base
year. The LeMesurier proposal had suggested to use, if possible, the year 2019 (and not 2020) as the
year of reference in order to avoid the temporary effects of CoVId -19 with the mobility restrictions, etc.
Since COPERT/SIBYL provides data on a per annual basis, it was straightforward to use 2019 as the
base year.

Figure 51 shows the reduction (in Mt) of EU27 road transport CO2 emissions compared to 2019. As
expected, the reduction is very small in 2025 and gradually increases in 2030, 2035 and 2050. Table 17
presents the actual values of CO2z emissions (in Mt) and the reduction not only in absolute values (in Mt)
but also as percentage (%) compared to 2019. In 2050 for example the reduction is 91% compared to
2019 due to the high share of electric vehicles in the fleet (see Figure 20).
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Figure 51: Reduction of EU27 road transport CO2 emissions compared to 2019 (COPERT/SIBYL)

Table 17: EU27 road transport CO2 emissions and corresponding reduction compared to 2019
(COPERT/SIBYL)

CO, emissions (Mt) 836 828 754 596 74
CO, emissions reduction compared to
2019 (M) 8 82 240 762
CO, emissions reduction compared to ) 1% 10% 20% 91%

2019 (%)

4.1.2 PRIMES/TREMOVE

Figure 52 shows the reduction (in Mt) of EU27 road transport CO2 emissions compared to 2019. As
expected, the reduction is small but noticeable in 2025 and gradually increases in 2030, 2035 and 2050.
Table 18 presents the actual values of CO2 emissions (in Mt) and the reduction not only in absolute
values (in Mt) but also as percentage (%) compared to 2019. In 2050, for example, the reduction is
99.8% compared to 2019 due to the high share of electric vehicles in the fleet (see Figure 24).
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Figure 52: Reduction of EU27 road transport CO2 emissions compared to 2019 (PRIMES/TREMOVE)

Table 18: EU27 road transport CO2 emissions and corresponding reduction compared to 2019
(PRIMES/TREMOVE)

. 782.2 682.49 569.03 332.97 1.68
CO, emissions (Mt)
CO; emissions reduction compared to ) 99.8 213.2 449.3 780.6
2019 (Mt)
CO, emissions reduction compared to ) 13% 27% 57% 99.8%
2019 (%)
4.1.3 MOVEID

Similar to the other models, and in line with its modelling target, MOVEID shows a quick decrease in
annual CO2 emissions from the road transport sector starting from 2025 (see Figure 53). It is worth
noting that the emissions for private cars slightly increase between 2020 and 2025: due to constraining
bottlenecks (including manufacturing capacities at OEMs), the ramp up of ZEV is still relatively slow
while the demand for mobility increases — resulting in an increase in emissions. Different to
COPERT/SIBYL and PRIMES/TREMOVE, MOVEID considers full life cycle emissions of vehicles,
including manufacturing of vehicles and (decarbonised) fuels in addition to operation. The absolute
emission levels are, thus, significantly higher than those reported by the other vehicle parc models.
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Figure 53: EU27 road transport CO2 emissions per vehicle category (MOVEID)

4.2 SO.KPI.1: Ability to determine, realistically and reliably, the
energy intensity (TtW)

Energy intensity is presented separately for passenger (ktoe/Gp.km) and freight activity (ktoe/Gt.km).

4.2.1 COPERT/SIBYL

Figure 54 presents the EU27 energy intensity for passenger activity per vehicle category, while Table
19 provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the energy required per activity unit p.km. This is mainly attributed to the improved
energy efficiency and to the gradual replacement of ICE vehicles with electric ones, which in general
consume less energy per activity unit compared to their conventional (petrol and diesel) counterparts,
i.e., they have higher efficiency.
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Figure 54: EU27 energy intensity for passenger activity per vehicle category (COPERT/SIBYL)
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Table 19: EU27 energy intensity for passenger activity per vehicle category (COPERT/SIBYL)

Buses 22 20 18 16 14
L-category vehicles 28 26 23 20 11
Passenger cars 39 37 33 26 12
Total passenger 37 35 31 25 12

Figure 55 presents the EU27 energy intensity for freight activity per vehicle category, while Table 20
provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the energy required per activity unit t.km.

This is mainly attributed to the improved energy efficiency and to the gradual replacement of ICE
vehicles with electric ones, which in general consume less energy per activity unit compared to their
conventional (petrol and diesel) counterparts, i.e., they have higher efficiency.

The improvement is not so big in trucks because from all vehicle categories this is the one in which the
electrification presents higher delays and smaller penetration rate compared to cars, vans and buses.
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Figure 55: EU27 energy intensity for freight activity per vehicle category (COPERT/SIBYL)

Table 20: EU27 energy intensity for freight activity per vehicle category (COPERT/SIBYL)

Heavy duty trucks 36 38 36 35 25
Light commercial vehicles 128 126 116 97 37
Total freight 41 43 41 38 26
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4.2.2 PRIMES/TREMOVE

Figure 56 presents the EU27 energy intensity for passenger activity per vehicle category, while Table
21 provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the energy required per activity unit p.km. This is mainly attributed to the improved
energy efficiency and to the gradual replacement of ICE vehicles with electric ones, which in general
consume less energy per activity unit compared to their conventional (petrol and diesel) counterparts,
i.e., they have higher efficiency.
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Figure 56: EU27 energy intensity for passenger activity per vehicle category (PRIMES/TREMOVE)

Table 21: EU27 energy intensity for passenger activity per vehicle category (PRIMES/TREMOVE)

Light duty vehicles 46.0 41.0 34.9 26.2 18.1 12.6 10.5
(passenger)

2-wheelers 253 23.9 215 18.8 14.4 9.9 7.4
Private cars 45.7 39.0 324 22.8 145 10.1 8.4
Coaches 124 9.5 8.6 7.9 7.3 7.0 7.0
Buses 29.9 20.0 13.3 9.3 6.9 5.2 4.7

Figure 57 presents the EU27 energy intensity for freight activity per vehicle category, while Table 22
provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the energy required per activity unit t.km. This is mainly attributed to the improved energy
efficiency and to the gradual replacement of ICE vehicles with electric ones, which in general consume
less energy per activity unit compared to their conventional (petrol and diesel) counterparts, i.e., they
have higher efficiency. The improvement is not so big in heavy duty vehicles because from all vehicle
categories this is the one in which the electrification presents higher delays and smaller penetration rate
compared to cars, vans, and buses.

59



11| LeMesurier

Measuring the 2ZERO KPls

Energy intensity freight transport - in ktoe/Gtkm

140

120

80
60

40

20

2020 2025 2030 2035 2040 2045 2050

e Heavy duty vehicles s | icht commercial vehicles (freight)

Figure 57: EU27 energy intensity for freight activity per vehicle category (PRIMES/TREMOVE)

Table 22: EU27 energy intensity for freight activity per vehicle category (PRIMES/TREMOVE)

Light duty vehicles (freight) 118.6 97.7 82.3 57.5 37.6 28.1 23.7
Heavy duty vehicles 35.0 28.6 25.0 22.2 19.3 16.4 14.8
4.2.3 MOVEID

As new, more efficient vehicles are introduced into the fleet, the energy intensity for passenger and
freight transport decreases steadily until 2035. Afterwards, the energy intensity of passenger transport
slightly increases as e-fuels enter the market and require higher upstream energy provision but remain
well below the 2020 levels as shown in Figure 58. The energy intensity of freight transport continues to
decrease as shown in Figure 59 as the model prefers battery electric and fuel cell electric drivetrains for
heavy duty vehicles. Table 23 and Table 24 provide the exact values of energy intensity.
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Figure 58: EU27 energy intensity for passenger activity per vehicle category (MOVEID)
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Table 23: EU27 energy intensity for passenger activity per vehicle category (MOVEID)

Light duty vehicles 40 35 32 30 30 29 30
(passenger)
Private cars 31 28 23 19 19 20 21
Coaches 22 15 10 6 7 9 14
Buses 15 11 9 7 8 8 10
80
70
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ktoe/Gtkm
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Figure 59: EU27 energy intensity for freight activity, heavy duty vehicles (MOVEID)

Table 24: EU27 energy intensity for freight activity, heavy duty vehicles (MOVEID)

Heavy duty vehicles 72 52 29 22 20 19 19

4.3 SO.KPI.2: Reduce GHG of mobility of people and goods

4.3.1 COPERT/SIBYL

Figure 60 presents the EU27 GHG intensity for passenger activity per vehicle category, while Table 25
provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the GHG emissions per activity unit p.km This is mainly attributed to the gradual
replacement of ICE vehicles with electric ones. The values in 2050 are close to zero, but not absolutely
zero, this is because there are still some non-electric vehicles circulating in European roads in 2050,
their number varies depending on the vehicle category.
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Figure 60: EU27 GHG intensity for passenger activity per vehicle category (COPERT/SIBYL)

Table 25: EU27 GHG intensity for passenger activity per vehicle category (COPERT/SIBYL

Buses 69
L-category vehicles 88
Passenger cars 120
Total 114

36 6
58 28
65 2
62 3

Figure 61 presents the EU27 GHG intensity for freight activity per vehicle category, while Table 26
provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the GHG emissions per activity unit t.km. This is mainly attributed to the gradual

replacement of ICE vehicles with electric ones.

The improvement is not so big in trucks, at least until 2035, because from all vehicle categories this is
the one in which the electrification presents higher delays and smaller penetration rate compared to

cars, vans and buses.

62



S LeMesurier

Measuring the 2ZERO KPls
EU27 GHG intensity of goods (kt CO2eq./Gt.km)
450
H Light Commercial Vehicles
400 (freight)
Heavy Duty Trucks
350
300
250
200
150
100
50
o |
< & &

Figure 61: EU27 GHG intensity for freight activity per vehicle category (COPERT/SIBYL)
Table 26: EU27 GHG intensity for freight activity per vehicle category (COPERT/SIBYL)

Heavy duty trucks 114 120 110 97 26
Light commercial vehicles 401 393 353 272 8
Total 129 135 123 106 25

4.3.2 PRIMES/TREMOVE

Figure 62 presents the EU27 GHG intensity for passenger activity per vehicle category, while Table 27
provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the GHG emissions per activity unit p.km This is mainly attributed to the gradual
replacement of ICE vehicles with electric ones. The values in 2050 are almost zero, meaning that the
number of non-electric vehicles still circulating in European roads in this year is very small (almost
negligible).
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Figure 62: EU27 GHG intensity for passenger activity per vehicle category (PRIMES/TREMOVE)

Table 27: EU27 GHG intensity for passenger activity per vehicle category (PRIMES/TREMOVE)

Light duty vehicles 130.9 116.1 97.6 54.3 16.3 1.6 0.0
(passenger)

2-wheelers 70.9 65.5 57.1 41.0 18.1 3.9 0.3
Private cars 128.3 107.0 84.2 43.9 12.8 2.0 0.3
Coaches 35.2 27.0 22.7 144 5.3 0.7 0.0
Buses 83.2 54.5 30.8 14.3 4.7 0.6 0.1

Figure 63 presents the EU27 GHG intensity for freight activity per vehicle category, while Table 28
provides the exact data values. From this figure it is observed that there is a continuous improvement
(i.e., decline) of the GHG emissions per activity unit t.km. This is mainly attributed to the gradual
replacement of ICE vehicles with electric ones. The values in 2050 are almost zero, meaning that the
number of non-electric vehicles still circulating in European roads in this year is very small (almost
negligible).

64



11| LeMesurier

Measuring the 2ZERO KPls

GHG intensity freight transport - in ktCO2eq/Gtkm

400
350
300
250
200
150

50

2020 2025 2030 2035 2040 2045 2050

e Heavy duty vehicles = | ight commercial vehicles (freight)

Figure 63: EU27 GHG intensity for freight activity per vehicle category (PRIMES/TREMOVE)

Table 28: EU27 GHG intensity for freight activity per vehicle category (PRIMES/TREMOVE)

Light duty vehicles (freight) 336.3 275.3 228.8 115.9 313 3.9 0.1
Heavy duty vehicles 100.0 81.2 69.1 46.9 19.7 2.8 0.1
4.3.3 MOVEID

When focusing on tailpipe GHG emissions relative to the transport demand, MOVEID, similar to the
other two vehicle parc models, clearly shows a decrease across all vehicle categories (see Figure 64
and Figure 65). In line with the earlier findings for GHG emissions, the GHG intensity per activity unit in
both passenger and freight activity decrease sharply between 2025 and 2035 as new technologies are
introduced and registrations of zero emission vehicles increase. Table 29 and Table 30 show the exact
data values.

Following its optimisation objective, the results of MOVEID show a continuous decrease of the GHG
intensity over time across different vehicle types. The largest change in GHG intensity occurs between
2025 and 2035 once initial bottlenecks have been overcome and new, low-emission technologies are
available to the market.
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Figure 64: EU27 GHG intensity for passenger activity per vehicle category (MOVEID)

Table 29: EU27 GHG intensity for passenger activity per vehicle category (MOVEID)

Light duty vehicles 142 155 112 27 13 13 4
(passenger)
Private cars 113 124 88 20 14 10 3
Coaches 78 58 25 8 1 2 1
Buses 54 40 21 4 2 1 0
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Figure 65: EU27 GHG intensity for freight activity, heavy duty vehicles (MOVEID)
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Table 30: EU27 GHG intensity for freight activity, heavy duty vehicles (MOVEID)

Heavy duty vehicles 258 213 68 12 10 7 3
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5. CONCLUSIONS

This document is the third deliverable of WP2, which is responsible for the accounting (i.e.,
measurement) of the Compound KPIs of LeMesurier project. The indicators that have presented in this
deliverable are amongst the KPIs for 2ZERO given in the SRIA (Strategic Research and Innovation
Agenda) [2].

The aim of this deliverable was to present and discuss the results of the three vehicle parc model runs,
i.e., COPERT/SIBYL, PRIMES/TREMOVE, and MOVEID. In addition, to investigate the potential impact
of the 2ZERO project portfolio on the EU vehicle parc projections.

EU projections

The document started by presenting key projection results of the three models, hamely, fleet and activity
data, energy consumption, and GHG.

The main conclusions are:

o Despite small differences in absolute values, all three models agree that the vehicle stock and
activity will follow an increasing trend up to 2050. Passenger cars account for the largest share
of passenger activity, while heavy duty trucks account for the largest share of freight activity.

e Zero emission vehicles (i.e., battery electric, fuel cell electric etc.) gradually enter into the
European fleet year by year with an increasing trend, their penetration rate increases
significantly after 2035.

o The replacement rate of conventional petrol and diesel vehicles with electric ones, as well as
the deregistration rate of old vehicles, is not the same in all three models. Specifically,
COPERT/SIBYL estimates that there will be a small but noticeable humber of conventional
vehicles still circulating on European roads in 2050. On the other hand, PRIMES/TREMOVE
and MOVEID estimate that the number of these vehicles will be very close to zero.

e A direct consequence of the above is that the absolute values and decrease rate of GHG
emissions are not the same in all three models. Specifically, COPERT/SIBYL estimates slightly
higher GHG emission values after 2035 compared to PRIMES/TREMOVE and MOVEID.
Moreover, the COPERT/SIBYL GHG emission value in 2050 is noticeably above zero, since
there are still non-electric vehicles circulating as mentioned above. On the other hand,
PRIMES/TREMOVE and MOVEID values in 2050 are closer to zero.

e Regarding energy consumption, in all three models diesel and petrol together currently account
for the majority of energy use, but there is a gradual decrease trend in their values, followed by
an increase in electricity and hydrogen use. Nevertheless, since the increase of electricity and
hydrogen values does not compensate for the decrease of diesel and petrol, the overall road
transport energy consumption presents a decreasing trend until 2050, at least for
COPERT/SIBYL and PRIMES/TREMOVE.

o A significant difference of MOVEID is that e-fuels and methane make a significant contribution
in future energy use, while COPERT/SIBYL and PRIMES/TREMOVE do not include these fuels
in their projections. This results in a slightly increasing trend of energy consumption after 2035
in the MOVEID model.

e Finally, MOVEID considers full life cycle emissions, including manufacturing of vehicles and

(decarbonised) fuels in addition to operation. Hence, the absolute emission levels are higher
than those reported by the other vehicle parc models in the period 2020-2030.
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Quantifying the impact of 2ZERO technologies on the EU projections

After the EU projections, the deliverable provided an estimation of how the 2ZERO vehicles (i.e.,
vehicles incorporating technologies from the relevant 2ZERO projects, etc.) are expected to enter the
European fleet. The potential impact of these ‘2ZERO technologies’ penetration into the EU vehicle parc
projections was investigated by creating and examining two distinct but comparable scenarios.

The first scenario was the one that each model already had as part of its implementation before the
LeMesurier project (‘reference’ or ‘intermediate’ scenario). The second scenario (2ZERO technologies’
or ‘measured’ scenario) attempted to reflect the impact of 2ZERO and, especially, to consider the
‘LeMesurier DT’ work in deliverable D2.2 [6]. Both scenarios have been built upon the same principles
regarding vehicle fleet evolution, activity projections and policy context, ensuring a consistent and fair
base for comparison.

The main conclusions are:

¢ In general, the uptake of 2ZERO technologies followed the same pattern in all three vehicle
parc models. Specifically, starting from 2030, a specific percentage of electric vehicle sales
(BEV and FCEV) each year were assumed to be vehicles incorporating relevant technologies
from the 2ZERO project portfolio. The penetration curve of 2ZERO vehicles followed a sigmoid
shape (S-curve) reaching 100% in 2050. This sigmoid shape attempted to capture a slow initial
uptake, followed by an accelerated adoption, and then, a ‘saturation’ phase. A small difference
was that PRIMES/TREMOVE assumed an additional small increase in ZEV sales compared to
its ‘reference’ scenario, while COPERT/SIBYL kept the total number of ZEV sales unchanged
in both scenarios.

e The comparison of the two scenarios showed that the ‘2ZERO technologies’ gradually presents
a slightly lower total energy consumption compared to the ‘reference’ in all three vehicle parc
models. The difference (i.e. reduction) starts being visible in the period 2030-2035 (marking the
entrance of 2ZERO technologies into the vehicle fleet) and results in a percentage ranging from
2% to 7.7% lower value in 2050, depending on the model.

e The above results have been achieved solely through technology-driven improvements in
vehicle energy efficiency, without assuming any shifts in travel demand, modal distribution or
electrification shares significantly beyond what is already defined in the ‘reference’ scenario
assumptions.

Compound KPIs

The final part of the deliverable provided values for the following Compound KPIs:
e GO.KPIL.3: Reduction of CO2 emission from road transport for all types of vehicles.
e SO.KPI.1: Ability to determine, realistically and reliably, the energy intensity (tank-to-wheel).
e SO.KPI.2: Reduce GHG of mobility of people and goods.
The main conclusions are:
e GO.KPL3: All three models show a significant reduction of CO2 emissions year by year. The
reduction is small in 2025 and gradually increases in 2030, 2035, and 2050. The percentage

reduction in 2050 compared to the base year 2019 or 2020 varies from 91% to 99.8% depending
on the model.
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SO.KPI.1: The energy intensity (i.e., energy consumed per activity unit) for both passenger and
freight activity presents a continuous improvement (i.e., decline) year by year. This is mainly
attributed to the improved energy efficiency and to the gradual replacement of ICE vehicles with
electric ones, which in general consume less energy per activity unit compared to their
conventional (petrol and diesel) counterparts, i.e., they have higher efficiency. The only
exception to this general conclusion is that the energy intensity of MOVEID passenger activity
slightly increases after 2035, as the e-fuels enter the market and require higher upstream energy
provision, but remains well below the 2020 levels.

SO.KPI.2: The GHG intensity (i.e., GHG emissions per activity unit) for both passenger and
freight activity presents a continuous improvement (i.e., decline) year by year. This is mainly
attributed to the gradual replacement of ICE vehicles with electric ones. All three models end
up in values close to zero in 2050, with COPERT/SIBYL presenting slightly higher values than
the other two models due to the slightly higher number of non-electric vehicles still circulating
as mentioned above.
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