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Abstract

The LeMesurier project aims to account for the contribution of 2ZERO Partnership’s project
portfolio towards the main objectives of the Partnership and their targets, as measured against a
set of Key Performance Indicators (KPIs). In this context, a modelling framework for measuring
and monitoring the KPIs had to be established and realised. The first step was to identify the
relevant projects and translate their results into inputs for the models that would be used to project
the impact of 2ZERO. The selected projects have been approached with a detailed questionnaire
and interviews. At the time of performing this exercise, the majority of the projects could not
provide ‘mature’ or final results. A simulation approach within the LeMesurier project has been
followed, enabling the estimation of the behaviour of the 2ZERO technology development on the
vehicle performance. Specifically, physics-based vehicle models have been developed on a
commercial multiscale platform; the aim of the simulations was to derive energy consumption
values for battery and fuel cell electric vehicles as a function of speed and other parameters. The
second step was to transfer and use these results within the COPERT/SIBYL tool in order to
calculate a value for the Compound KPIs. Subsequently, a projection of the impact of the 2ZERO
project portfolio on the EU27 vehicle parc could be made. The calculated values of Compound
KPIs and the projected impact of 2ZERO thereon are presented and discussed in this paper.

Introduction

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 new technologies covering
Battery and Fuel Cell Electric Vehicles (BEV & FCEV) to boost EU competitiveness and
technological leadership. 2ZERO also supports economic growth and job creation within the EU.
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. 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 three Compound KPIs3, presented in this paper for the European vehicle parc, are:

e GO.KPI.3: Reduction of CO2 from road transport.

e SO.KPI.1: Energy intensity (TtW) — passenger & freight activity.

e SO.KPI.2: GHG intensity — passenger & freight activity.
The first step of the procedure was to identify the relevant projects and translate their results into
inputs for the COPERT/SIBYL* model that would be used for the EU27 projections. The selection

of projects is described in deliverable D2.1 of LeMesurier (Mammetti et al., 2024), while the initial
list of projects has been enriched in the course of LeMesurier. The selected projects have been

1 Home - 2Zero Emission

2 Home - LeMesurier , Measuring the value of the Key Performance Indicators of the 2ZERO Partnership
3 The prefixes ‘GO’ and ‘SO’ are abbreviations of the terms ‘General Objective’ and ‘Specific Objective’
from the 2ZERO SRIA (Strategic Research and Innovation Agenda) (2ZERO, 2024).

4 COPERT | Calculations of Emissions from Road Transport , SIBYL Baseline | COPERT
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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 of LeMesurier (Giannelos et al., 2025).

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 the next section entitled “Simulation models
for electric vehicles’ energy consumption”.

The second step was to transfer and use the above results with the COPERT/SIBYL tool in order
to calculate the Compound KPIs and produce the EU27 projections, i.e., new registrations and
stock per vehicle category and fuel (energy) type, activity (v.km, p.km or t.km), energy and GHGs
Tank-to-Wheel (TtW), and air pollutants. In short, the projections of COPERT/SIBYL follow all
recent and relevant legislation, policies and targets at European level, i.e., the “Fit for 55”
package, the Euro 7 regulation, and the 2040 Climate Target framework. The evolution of vehicle
stock and activity is consistent with the latest EU Reference Scenario®, while the target of zero
emission sales for buses and trucks in 2030 is also met. It is clarified that, apart from
COPERT/SIBYL, two other models have been used within the LeMesurier to produce EU27
vehicle parc projections with 2ZERO technologies, namely, PRIMES/TREMOVE® and MOVEID
(Kramer et al., 2022). The current paper focuses on results from COPERT/SIBYL.

More details about the projections are provided in the relevant section “EU27 projections with
2ZERO technologies”, below. The calculated values of the Compound KPIs are presented in the
section “Compound KPIs”. An attempt to quantify the impact that the 2ZERO project portfolio
could have on the EU27 projections is made in section “Comparison with the COPERT/SIBYL
Reference scenario”. The paper is completed with “Conclusions”.

Simulation models for electric vehicles’ energy consumption

One of the main parameters that was needed from the 2ZERO projects was the energy
consumption of electric vehicles. In fact, the approach required detailed energy consumption
values (usually called ‘factors’) per vehicle category as a function of speed and other parameters,
i.e., ambient temperature, load, occupancy rate etc.; the effect of ancillaries and regenerative
braking also had to be studied. Since the projects could not provide such detailed results at the
time of performing this exercise (as mentioned in the “Introduction”), a simulation approach using
physics-based vehicle models has been followed. The models were developed in GT-SUITE?, a
commercial engineering multi-physics platform; they accounted for longitudinal dynamics,
powertrain, drivetrain and thermal management concepts.

Initially, a list of relevant 2ZERO projects’ use-cases (as of the end of 2024) has been compiled,
in which the vehicles were classified per category, segment and powertrain, according to
COPERT categorization. The process involved the collection of detailed information from the
respective use-cases, with the main source being the projects’ web sites, including any relevant
data that could be found there, i.e., public deliverables etc. Since not all vehicle (sub)categories
could be found in the 2ZERO projects, estimation methods (i.e., interpolation and/or extrapolation)
were needed to cover all categories. A summary of the approach that has been used for each
vehicle category (i.e., detailed simulation model or estimation method) is shown in Table 1.

5 EU Reference Scenario 2020 - European Commission

6 PRIMES-TREMOVE — E3 Modelling

7 GT-SUITE (GT-SUITE - Gamma Technologies) is a comprehensive suite of CAE (Computer-Aided
Engineering) system simulation software developed by Gamma Technologies. It is used in the engine,
powertrain and vehicle industries for tasks like component design, system interaction analysis and
optimizing performance. It offers a wide range of physical libraries and modelling templates, enabling
engineers to build system models of varying complexity for various applications.
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Table 1: Summary of 2ZERO projects’ use-cases and approach for each vehicle (sub)category
Categories based on COPERT/SIBYL

Vehicle category Segment BEV FCEV
Rigid <=7,51 B
Rigid 7,5- 12t Estimation -
Rigid 12 - 14 t -
Rigid 14 - 20 t Simulation -
Rigid 20 - 26 t -
Rigid 26 - 28 t Estimation -
Rigid 28 - 32 t -

Heavy duty truck Rigid >32 t Simulation -

Articulated 14 - 20 t
Articulated 20 - 28 t

. Estimation Estimation
Articulated 28 - 34 t
Articulated 34 - 40 t
Articulated 40 - 50 t Simulation Simulation
Articulated 50 - 60 t Estimation Simulation
Urban Buses Midi <=15t Simulation -
Bus Urban Buses Standard 15 - 18 t Estimation -
Urban Buses Articulated >18 t Simulation -
Coaches Standard <=18 t Estimation -
Mini . . -
Estimation
Passenger car Smalll - - )
Medium Simulation -
Large-SUV-Executive Estimation -
L-category L5e Simulation -
N1-I -
Light commercial vehicle N1-II Estimation -
NZ1-1 -

Detailed simulations have been performed to study the impact of various driving patterns and
conditions, vehicle load and occupancy rate on the energy consumption. Specifically, the main
parameters that have been studied were:

e Ambient temperatures 5°C, 20°C and 35°C.
e Vehicle loads 50% and 75% (for trucks, buses and commercial L-category vehicles).

e Occupancy rate for passenger cars equal to the European average of 1.4 people
(including the driver).

Various drive cycles have been used in the simulation runs. The usage of the appropriate drive
cycles for each vehicle category enabled a robust and reliable analysis to derive the
representative energy consumption values over a wide range of applications, in particular when
tested under varying temperatures and loading conditions. The drive cycles that have been used
in the simulation runs, per vehicle category, are summarised in Table 2.

The simulations results were then used to derive speed-dependent energy consumption curves.
The following polynomial function has been used for the so-named ‘curve fitting’.

_ Alpha- v? + Beta - v + Gamma + Deéta (1)

EC =

Epsilon-v? + Zeta- v + Eta

where EC: energy consumption (kW.h/km), v: speed (km/h), and Alpha, Beta, Gamma, Delta,
Epsilon, Zeta, Eta: coefficients. The coefficients were adapted so that the curve best fitted into
the simulation results. Hence, this polynomial function was representing the energy consumption
of BEVs and FCEVs across the various operating conditions.

The data needed for the estimation methods was derived from the results of simulation runs.
Specifically, two alternatives have been examined: i) linear and ii) power-law interpolation /
extrapolation, as shown below:
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Table 2:  Summary of drive cycles used in the simulation runs per vehicle category

Heavy Duty Trucks Buses Passenger Cars L-Category
CHTC-HT Braunschweig ARTEMIS Motorway ARTEMIS Urban
CHTC-TT Manhattan Bus ARTEMIS Motorway 130 CLTC-P (Shortened**)
CSHVR NY Bus ARTEMIS Road IDC 2-3 Wheel
CUEDC_NC US-OCTA ARTEMIS Urban IM240

CUEDC_NCH VECTO Heavy Urban CLTC-P NEDC (Shortened**)
HHDDT Cruise VECTO Interurban FTP75 NYCC

HHDDT Cruise 50mph VECTO Suburban HWY RTS95 (Shortened**)
HHDDT Transient VECTO Urban JC08 UDDS (Shortened**)
HUDDS WHVC Motorway LA92DDS WMTC Class 1

JEO5 WHVC Rural LA92SDDS WMTC Class 1 (Reduced***)
WHVC NEDC

WHVC Motorway NYCC

WHVC Rural RTS95

WHVC Urban SCO03

VECTO Interurban* uUbDS

VECTO Long Haul* uSo06

VECTO Regional Delivery* WLTC Class 3

VECTO Suburban*

VECTO Urban*

VECTO Urban Delivery*

* VECTO applicability per HDTs segment depends on vehicle specifications.
** Shortened = Less duration compared to original cycle
*** Reduced = Maximum speed constraints compared to original cycle

. (Y1 — ¥o)
Hinear =0 Gy ) @
X a
Power-Law Y=Y (x—o) (3)

where y: energy consumption (k.Wh/km), x: vehicle mass (t), and «a: scaling exponent. Since the
relationship between energy consumption and weight is non-linear, the power-law method has
been proven to be more representative and was in general preferred in most cases; in the few
cases (e.g., hydrogen trucks) where the results were not as expected, the linear method has been
followed. Overall, the application of each method depended on the availability of simulation data.

Indicative results

Detailed energy consumption values for all vehicle (sub)categories of Table 1 have been derived.
Nevertheless, due to a lack of space, only a selection of results is given in this paper. Specifically,
Figure 1 shows the energy consumption of a Heavy Duty Truck Articulated 40-50t BEV as a
function of speed for various temperatures (5°C, 20°C and 35°C) and loads (50% and 75%). Both
scattered values from simulation runs of the various drive cycles and curve fitting results are
shown. Subfigures (a) and (b) refer to temperature 20°C, load 50% and 75%, while their difference
lies in the fact that (a) shows the energy consumption in kW.h per activity unit km, i.e., (vehicle)
kilometre, while (b) per t.km, i.e., tonne kilometre. As expected, in (a) the (red) curve for load 75%
is higher than the (blue) curve for load 50%, with values ranging from 1.27-1.61 kW.h/km and
1.11-1.36 kW.h/km, respectively. On the other hand, when the tonnes of goods transported are
taken into account in subfigure (b), the (red) curve for load 75% is lower than the (blue) curve for
load 50%, with values ranging from 0.07-0.09 kW.h/t.km and 0.09-0.11 kW.h/t.km, respectively;
this is because the ‘consumed’ energy for load 75% is used to carry more tonnes of goods, hence,
the ratio energy per tonne transported per kilometre is lower compared to the load 50%.
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Figure 1: Energy consumption of HDT Articulated 40-50t BEV (simulation results).
(a) 20°C, load 50% and 75%, kW.h/km.

(b) 20°C, load 50% and 75%, kW.h/t.km.

(c) 5°C, load 50%, kW.h/km, effect of ancillaries.

(d) 35°C, load 50%, kW.h/km, effect of regenerative braking.

Subfigure (c) aims at showing the impact of vehicle ancillaries for temperature 5°C and load 50%.
In the usual case of the ancillaries being ‘on’, they consume a significant amount of energy,
especially at low speeds, due to both cabin and battery heating. In this case, the steady-state
thermal conditions are rarely achieved and ancillaries have a higher impact on the overall energy
use; this is depicted with the blue curve and its corresponding scattered values. On the other
hand, when ancillaries are ‘off, i.e., deactivated, the X’ marked values are significantly lower,
especially at low speeds. Similarly, subfigure (d) shows the impact of regenerative braking for
temperature 35°C and load 50%. In the usual case of regenerative braking being ‘on’, this leads
to significant energy savings, which is depicted with the blue curve and its corresponding
scattered values. On the other hand, when regenerative braking is ‘off’, i.e., deactivated, the ‘X’
marked values are significantly higher, especially at low speeds.

Figure 2 provides an example of how estimation methods (i.e., power-law interpolation in this
case) are applied. This figure shows the energy consumption (in kW.h/km) of Buses and Coaches
BEV for ambient temperature 20°C and load 50% as a function of speed. The curves for Urban
Buses Midi <=15t (blue) and Urban Buses Articulated >18t (red) were derived with curve fitting
from the scattered values of simulation runs. Based on these, and using power-law interpolation,
the curves for Urban Buses Standard 15-18t (orange) and Coaches Standard <18t (green) have
been estimated. According to these estimates, the Coaches Standard <18t have slightly higher
energy consumption compared to Urban Buses Standard 15-18t, mainly due to their weight.

Validation with another project and comparison with previous COPERT curves

As mentioned in the “Introduction”, some of the 2ZERO projects have been interviewed. In this
context, there has been made an effort to validate the results of our work with those of relevant
projects, ensuring consistency in the modelling assumptions as much as possible.
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Figure 2: Energy consumption of Buses and Coaches BEV, temperature 20°C, load 50%.

e Urban Buses Midi <15t and Urban Buses Articulated >18t: curve fitting results from scattered values of
simulation runs.

e Urban Buses Standard 15-18t and Coaches Standard <18t: estimated curves with power-law interpolation
(red rectangle in the legend of the figure).
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Figure 3: Validation with another project and comparison with previous COPERT curves.
(a) Our scattered values of simulation runs vs. GIANTS project, L5e-B BEV, 20°C, no cargo.

(b) Our curve fitting results from scattered values of simulation runs vs. previous COPERT curve, medium
passenger car BEV, 20°C, 1.4 occupants (including the driver).

Figure 3(a) compares our work with the GIANTS? project for a L5e-B (commercial tricycle) BEV,
ambient temperature 20°C, with no cargo. The comparison is between our scattered values of
simulation runs (for 6 drive cycles, in kwW.h/km) and the values provided by GIANTS for similar
conditions. In general, it is observed that our values are close to GIANTS. Differences are small,
in the range of 5-10%, which is acceptable considering potential differences in various modelling
parameters and lack of detailed information for every single critical component, such as the e-
motor mapping (efficiency vs. rotational speed vs. torque) and the battery.

Figure 3(b) compares our work with a previous COPERT curve for medium passenger car BEV
(with high efficiency e-motor)®, ambient temperature 20°C, 1.4 occupants (including the driver).
The comparison is between our curve fitting results from the scattered values of simulation runs
(in KW.h/km) and the previous COPERT curve coming from the relevant literature®. It is observed

8 Giants Project (Green Intelligent Affordable New Transport Solutions)

9 Clarification on the ‘high-efficiency’ term: Three configurations have been considered for passenger cars:
1) Reference 2ZERO vehicle, 2) Improvements from the 2ZERO component projects (advanced power
electronics), 3) Improvements from the 2ZERO component projects (high efficiency and low-cost e-motor).
It was decided to use configuration ‘3’ in the modelling work of the project, since this configuration
incorporated more improvements from 2ZERO projects, thus, better reflecting their impact.

10 |.e., (Rock et al., 2020), (Karageorgiou, 2024) and references therein, i.e., (Mamarikas et al., 2022),
(Mamarikas, 2023), (Gil-Sayas et al., 2023), plus relevant databases, i.e., Monitoring of CO2 emissions
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that the two curves are in general close for low speeds, while for speeds higher than 50km/h our
energy consumption is lower than COPERT. The difference between the two curves increases
with vehicle speed due to the increased (i.e., optimised) e-motor efficiency.

More results

As mentioned earlier, due to lack of space, only a selection of results has been provided in this
paper. Detailed energy consumption values for all vehicle (sub)categories of Table 1 are available
in deliverable D2.2 of LeMesurier (Giannelos et al., 2025).

EU27 projections with 2ZERO technologies

The main principle of the COPERT/SIBYL projections is that they are reflecting the
implementation of all major European regulatory milestones, i.e., they follow the “Fit for 55”
package, the Euro 7 regulation and the 2040 Climate Target framework. The evolution of vehicle
stock and activity is consistent with the latest EU Reference Scenario, while the target of zero
emission sales for buses and trucks in 2030 is also met. More details of the underlying principles
of the projections are available in deliverable D2.2 of LeMesurier (Giannelos et al., 2025).

Figure 4 shows indicative time series of EU27 historical data and projections up to 205011,
Specifically, subfigure (a) presents the evolution of vehicle stock and subfigure (b) the evolution
of activity v.km per category (passenger cars, L-category, light commercial vehicles, heavy duty
trucks and buses). Subfigure (c) shows the evolution of vehicle stock and subfigure (d) the
evolution of new registrations per fuel (i.e., energy) type, given as energy share percentage %
(petrol, diesel, BEV, FCEV etc., with all types summing to 100%).

From these figures, it can be seen that the total stock of vehicles increases continuously year by
year, while the corresponding activity v.km follows in general a similar trend, with the exception
of year 2020 due to the CoVId-19 crisis. Regarding the new registrations of BEVs and FCEVSs, it
can be seen that these increase significantly after 2025, replacing internal combustion engines
(ICE) across all categories; particularly for passenger cars and vans, there is a complete phase
out of ICE new registrations by 2035. As a result, in the vehicle stock, petrol and, especially, the
diesel shares decrease continuously year by year, being replaced by BEVs and FCEVs.

Figure 5 shows the penetration of 2ZERO vehicle technologies into the SIBYL-based projections.
Specifically, this figure gives the percentage of 2ZERO vehicles in the new registrations of BEVs
and FCEVs. The main assumption is that, starting from 2030, a specific percentage of electric
vehicle sales (BEV and FCEV) each year are 2ZERO vehicles and the penetration curve follows
a sigmoid shape, reaching 100% in 2050.

For example, in 2035, 10% of electric vehicle sales (BEV and FCEV) are 2ZERO vehicles. The
purpose of this penetration curve is to assist in the creation of a new scenario and investigate the
impact of 2ZERO vehicles on the projections compared to the previous scenario without them.
Results of this comparison are provided in the next section “Compound KPIs”.

Compound KPlIs

The three Compound KPIs which are presented in this paper are amongst the KPIs for 2ZERO
given in the SRIA (Strategic Research and Innovation Agenda) (2ZERO, 2024). They have been
derived by combining projection results from COPERT/SIBYL, as discussed above. The data that
has been used are the CO2z emission values, energy consumption, greenhouse gas emissions,
and activity of people (in passenger kilometres) and goods (in tonne kilometres).

from passenger cars Reqgulation (EU) 2019/631 , MPG and Cost Calculator and Tracker - Spritmonitor.de ,

All electric vehicles in Europe - EV Database.

11 These figures are part of what is named as SIBYLnaseline SCENario in the relevant website SIBYL Baseline
COPERT. Later in this paper the term ‘Baseline’ is equivalently replaced by the ‘Reference’ scenario.
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Figure 4: EU27 historical data and projections to 2050 with COPERT/SIBYL.
(a) Vehicle stock per category (PCs, L-category, LCVs, HDTs, Buses).

(b) Vehicle activity v.km per category (PCs, L-category, LCVs, HDTs, Buses).

(c) Vehicle stock per fuel (i.e., energy) type given as energy share percentage %.

(d) New registrations per fuel (i.e., energy) type given as energy share percentage %.
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Figure 5: 2ZERO technologies penetration in SIBYL-based projections.
GO.KPI1.3: Reduction of CO, from road transport

This indicator shows the total reduction of (TtW) CO2 emissions from the road transport sector,
i.e., from all road vehicles in EU27. Specifically, from Figure 6 it can be seen that there is a
continuous reduction of CO2 emissions compared to the base year 2019*2. For example, in 2035
there is a 240 Mt reduction of COz, i.e., 29% compared to 2019, and in 2050 there is a 762 Mt
reduction, i.e., 91% compared to 2019. This reduction is mainly due to the phase out of
conventional internal combustion engine vehicles and their replacement with electric ones.

12 The reason for selecting 2019 and not 2020 as the base year for comparison was to avoid the impact of
the CoVId-19 crisis which led to a significant decline of transport activity across Europe in 2020.
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Figure 6: Reduction of CO2 from road transport in EU27 compared to 2019.
SO.KPI.1: Energy intensity (TtW) — passenger & freight activity

This indicator is about the (TtW) energy consumed from road vehicles per activity unit in EU27. It
is derived by dividing the energy consumption (in ktoe) of vehicles by the corresponding activity
expressed in p.km for the transportation of people (for passenger activity) or in t.km for the
transportation of goods (for freight activity).

Figure 7 shows this energy indicator for passenger (subfigure (a)) and freight (subfigure (b))
activity, respectively. The vehicles participating in this indicator are: i) passenger cars, L-category
and buses (subfigure (a)) and ii) light commercial vehicles and heavy duty trucks (subfigure (b)).
From this figure it can be seen that there is a continuous decrease, i.e., improvement of this KPI
over the years. This improvement is mainly due to the improved energy efficiency of road vehicles,
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.

Another observation is that the energy intensity of heavy duty trucks is significantly lower
compared to light commercial vehicles. This is because the tonnes of goods transported by a
heavy duty truck are much higher than those of a light commercial vehicle. Hence, despite the
higher energy consumption of a truck compared to a van, this energy is used to transport more
goods and, as a result, the indicator “energy per activity unit” is lower. For a similar reason, the
indicator for passenger cars is higher compared to buses. Specific values from Figure 7 are
provided below:

e For passenger cars the decrease is from 39 in 2019 to 12 ktoe/Gp.km in 2050 (-69%).

e For L-category vehicles, from 28 in 2019 to 11 ktoe/Gp.km in 2050 (-62%).

e For buses, from 22 in 2019 to 14 ktoe/Gp.km in 2050 (-37%).

e For light commercial vehicles, from 128 in 2019 to 37 ktoe/Gt.km in 2050 (-71%).

e For heavy duty trucks, from 36 in 2019 to 25 ktoe/Gt.km in 2050 (-29%).
Overall, the total energy intensity for passenger activity in EU27 decreases from 37 in 2019 to 12
ktoe/Gp.km in 2050 (-67%), while for freight activity the decrease is from 41 in 2019 to 26
ktoe/Gt.km in 2050 (-36%). These results show how the energy efficiency improvements and

electric vehicles penetration into the fleet contribute to lower energy consumed per unit of
transport activity.

S0.KPI.2: GHG intensity — passenger & freight activity

This indicator is about the (TtW) greenhouse gases emitted by the road vehicles per activity unit
in EU27. It is derived by dividing the GHG (in kt COzeq.) Of vehicles by the corresponding activity
expressed in p.km for the transportation of people (for passenger activity) and in t.km for the
transportation of goods (for freight activity).
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Figure 7: Energy intensity (TtW) of passenger (a) and freight (b) activity in EU27.
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Figure 8: GHG intensity (TtW) of passenger (a) and freight (b) activity in EU27.

Figure 8 shows this GHG indicator for passenger (subfigure (a)) and freight (subfigure (b)) activity,
respectively. Similarly to the energy intensity discussed above, the vehicles participating in this
GHG indicator are the same, while from this figure it can be seen that there is a continuous
decrease, i.e., improvement of this KPI over the years. Specifically for year 2050, it is worth
mentioning that this indicator is very 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. Specific values from Figure 8 are provided below.

e For passenger cars the decrease is from 120 in 2019 to 2 kt CO2eq/Gp.km in 2050 (-
99%).

e For L-category vehicles, from 88 in 2019 to 28 kt CO2eq/Gp.km in 2050 (-69%).

e For buses, from 69 in 2019 to 6 kt CO2eq/Gp.km in 2050 (-92%).

e For light commercial vehicles, from 401 in 2019 to 8 kt COzeq/Gt.km in 2050 (-98%).
e For heavy duty trucks, from 114 in 2019 to 26 kt CO2eq/Gt.km in 2050 (-77%).

Overall, the total GHG intensity for passenger activity in EU27 decreases from 114 in 2019 to 3
kt CO2eq/Gp.km in 2050 (-98%), while for freight activity the decrease is from 129 in 2019 to 25
kt CO2¢q./Gt.km in 2050 (-80%). These results show how the electric vehicles penetration into the
fleet contribute to lower GHG emitted per unit of transport activity.

Comparison with the COPERT/SIBYL Reference scenario

In order to investigate the impact of the 2ZERO project portfolio, two distinct but comparable
scenarios have been examined. 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. For example, all assumptions related to the powertrain shares, both in
the total fleet and in new registrations, have been kept constant, as well as other detailed
parameters such as monthly average ambient temperatures etc. The main scenario, referred to
as ‘Reference’ here, is the so-named SIBYLsaseine Scenario in the relevant website (SIBYL
Baseline | COPERT). The other scenario, named ‘2ZERO technologies’, attempts to reflect the
impact of 2ZERO, based on the relevant work that has been described earlier in section
“Simulation models for electric vehicles’ energy consumption”.
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Figure 9: Comparison of 2ZERO technologies’ vs. ‘Reference’ scenario regarding the EU27 road
transport energy consumption: absolute values (a), percentage decrease with 2ZERO (b).

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 for example
Figure 1, Figure 2 and Figure 3). Hence, for the percentage of electric vehicles considered as
2ZERO (according to Figure 5) the updated model was used; the remaining part of (hon-2ZERQO)
electric vehicles continued using the previous values already embedded in COPERT/SIBYL.

Figure 9 compares the 2ZERO technologies’ vs. ‘Reference’ scenario regarding the EU27 road
transport energy consumption in absolute values Mtoe (subfigure (a)) and as percentage
decrease with 2ZERO (subfigure (b)). From this figure 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 20250.

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 this has
been achieved solely through technology-driven improvements in vehicle energy efficiency (see
for example Figure 3(b)), without assuming any shifts in travel demand, modal distribution or
electrification shares beyond what is already defined in the ‘Reference’ scenario assumptions.
These 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.

Conclusions

This paper presented a modelling approach for measuring and monitoring some of the 2ZERO
KPIs. This approach was established and realised in the framework of the LeMesurier project,
which aims to account for the contribution of 2ZERO projects portfolio towards the main objectives
of the Partnership and their targets. The first step was to identify the relevant projects and
translate their results into inputs for the models that would assess the impact of 2ZERO. At the
time of performing this exercise, the majority of the projects could not provide ‘mature’ or final
results. Hence, a simulation approach within the LeMesurier project has been followed, enabling
the estimation of the expected 2ZERO project results. The second step was to transfer and use
the above results with the COPERT/SIBYL tool in order to calculate the Compound KPIs and
produce the EU27 projections. The calculated values of Compound KPIs and the projected impact
of 2ZERO thereon were presented and discussed in this paper.

The findings of this paper show that technology-driven improvements in vehicle energy efficiency
and other components, i.e., 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. Future work could include a Well-to-Wheel (WtW) or
Life Cycle Analysis (LCA) to further capture upstream and other parts of the process.
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List of abbreviations and acronyms

2ZERO Towards Zero Emission Road Transport kt Kilotonne

BEV Battery Electric Vehicle ktoe Kilotonnes of oil equivalent
CAE Computer-Aided Engineering kW.h Kilowatt per hour

CO; Carbon dioxide LCV Light Commercial Vehicle
COgq Carbon dioxide equivalent Mt Megatonne

COPERT Er(r)*nnsqglétri fFr) g;?rsgna;oﬁ ?ﬁg&tﬁ Mtoe Megatonnes of oil equivalent
EU European Union PC Passenger Car

FCEV Fuel Cell Electric Vehicle p.km Passenger kilometre

GHG Greenhouse gas SO Specific Objective

co General Objective SRIA ig:;%%{c Research and Innovation
Gp.km Giga passenger kilometre T Tonne

Gt.km Giga tonne kilometre t.km Tonne kilometre

HDT Heavy Duty Truck TtW Tank-to-Wheel

ICE Internal Combustion Engine v.km Vehicle kilometre

km/h Kilometre per hour Wtw Well-to-Wheel

KPI Key Performance Indicator ZEV Zero Emission Vehicle
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