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Abstract

This study presents a method and part of the results from the LeMesurier project. A simulation-based
approach leveraging physics-based vehicle models has been followed to calculate the energy
consumption of emerging battery and fuel cell electric vehicle (BEV and FCEV) technologies, as derived
from the 2ZERO projects’ contributions. Estimation methods have been further applied to extend the
results beyond explicit 2ZERO projects’ use-cases. After a thorough analysis of the results, all vehicles
and their respective energy consumption values have been assigned to specific categories of the
COPERT/SIBYL model. This process enables the assessment of the potential impact of the 2ZERO
project portfolio on projections of the EU27 road transport energy consumption, from the end of the
decade up to 2050. A key result of this study is that there seems to be up to an additional 2% saving
(i.e., less energy consumption) projected in 2050 from road transport compared to the values calculated
until now with the COPERT/SIBYL tool used for policy purposes at the EU level.

1 Introduction

Decarbonisation of the road transport sector is essential for meeting climate targets and reducing air
pollution in urban environments. Two key technological solutions, offering pathways towards zero
tailpipe emissions, are BEVs and FCEVs. BEVs are vehicles powered by rechargeable batteries, while
FCEVs generate electricity via hydrogen fuel cells. As the EU strives toward climate neutrality,
deployment and optimisation of these technologies are crucial for improving air quality and enhancing
energy-efficient road mobility systems. In this direction, the 2ZEROQO (Towards Zero Emission Transport)
Partnership [1], launched in 2021 under Horizon Europe, supports the transition to tailpipe emission-
free road mobility in Europe. It fosters research and innovation in BEVs and FCEVs to reinforce the EU’s
role as a technology leader and its competitiveness. The Partnership is perfectly aligned with the
European Green Deal’s [2] goal to build a modern, resource-efficient and competitive economy within
the EU. It also supports the “Sustainable and Smart Mobility Strategy”, outlining initiatives for Europe’s
green and digital transformation and enhancing resilience against future crises. Furthermore, 2ZERO
promotes economic growth and job creation within the EU.

Within this context, the LeMesurier project [3] assesses the contribution of 2ZERO projects towards the
objectives and targets of the Partnership, as measured against a set of Key Performance Indicators
(KPIs) for road transport. Some of these KPIs include indicators that are more complex, requiring
detailed modelling, simulations and calculations. Hence, a modelling framework needed to be
established and realised for their measurement. Relevant 2ZERO projects have been identified, as
described in detail in the project deliverable D2.1 [4], to translate their results into inputs for the COPERT
[5] / SIBYL [6] model, which is the standard modelling suite employed at the European level for
estimating road transport emissions and energy demand, integrating detailed vehicle stock, activity and
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other technical data. Data and information from the projects have been enquired mainly through detailed
questionnaires, while several projects have also been interviewed, but most of them could not yet
provide mature or final results. Instead, their responses have focused on envisioned outcomes upon
project completion (in 2026 or 2027), when their respective vehicles, components and technologies will
begin to penetrate the market.

To fill the gap, before specific project results can be included in a vehicle parc analysis, a simulation-
based approach has been developed in LeMesurier to calculate the energy consumption of emerging
2ZERO BEVs and FCEVs technologies. In particular, physics-based models have been employed from
the available data of the relevant 2ZERO projects, mainly public deliverables, and multiple simulations
across a variety of conditions (i.e., variations in ambient temperature, vehicle load, occupancy rate and
drive cycles) have been run to derive energy consumption factors (ECFs) as a function of vehicle speed.
Moreover, estimation methods have been applied to extend ECFs to vehicles not explicitly included in
2ZERO projects’ use-cases, covering the full range of BEVs and FCEVs as classified in
COPERT/SIBYL. The results have been thoroughly analysed and allocated to the respective
COPERT/SIBYL vehicle category, enabling the assessment of the impact of the 2ZERO project portfolio
on road transport energy use in the EU27 projected from 2030.

2 Methodology

Before presenting details of the proposed approach, the methodological workflow is illustrated in Fig. 1:.
The analysis was structured in two levels; the vehicle level and the fleet level. On the vehicle level, the
employed physics-based vehicle models account for longitudinal dynamics, powertrain, drivetrain and
thermal management concepts. Further inputs of the vehicle models include parameters related to
operational conditions, particularly vehicle load, occupancy rate, ambient temperature and drive cycles.
The outputs of vehicle models are ECFs (kW.h/km, kW.h/t.km, kW.h/p.km), which are basically vehicle
energy consumption curves versus speed resulting from the post-processing of the scattered simulation
values with curve fitting techniques. The fitted, simulation-based ECFs are further used to derive ECFs
with estimation methods for the rest of categories and segments not explicitly addressed in 2ZERO
projects’ use-cases. All ECFs produced serve as input for the COPERT/SIBYL tool to measure the
impact of the 2ZERO Partnership on EU27 road transport projections at the fleet (vehicle parc) level.
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Fig. 1: Methodological workflow.
21 Definition of use-cases and vehicle classification

A list of all 2ZERO projects’ use-cases (as of the end of 2024) has been compiled with data collected
from available public deliverables. The focus has been primarily on vehicle-level use-cases, involving
the development and demonstration of complete vehicles, while component-level use-cases, dealing
with the development of optimised components for various vehicle technologies, have also been
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considered in the context of passenger cars. More specifically, for the vehicle-level use-cases,
specifications for 5 heavy-duty trucks (HDTs), 2 buses, 1 passenger car and 1 L-category vehicle have
been obtained. Based on these specifications, the vehicles have been classified according to
COPERT/SIBYL categorisation. The vehicles have been used to develop the physics-based models and
run the simulation scenarios within the LeMesurier project. For the rest of the (sub)categories, estimation
methods have been applied, as will be described in Section 2.3. Tab. 1: summarises the vehicle
classification and the applied approach per category, segment and powertrain.

Tab. 1: Vehicle classification according to the COPERT/SIBYL model and applied approach per
category, segment and powertrain.

Categories based on COPERT/SIBYL

Vehicle Category Segment BEV FCEV
Rigid <=7,5 t -
Rigid 7,5-12 t Estimation -
Rigid 12 - 14 t -
Rigid 14 - 20 t LeMesurier Model -
Rigid 20 - 26 t -
Rigid 26 - 28 t Estimation -
Rigid 28 - 32 t -

Heavy-Duty Truck Rigid >32 t LeMesurier Model -

Articulated 14 - 20 t
Articulated 20 - 28 t

Articulated 28 - 34 t
Articulated 34 - 40 t
Articulated 40 - 50 t

Estimation

LeMesurier Model

Estimation

LeMesurier Model

Articulated 50 - 60 t Estimation LeMesurier Model
Urban Buses Midi <=15t LeMesurier Model -
Urban Buses Standard 15- 18 t Estimation -
Bus Urban Buses Articulated >18 t LeMesurier Model -
Coaches Standard <=18 t Estimation -
Mini L -
Estimation
Passenger Car Sma.ll . i
Medium LeMesurier Model -
Large-SUV-Executive Estimation -
L-Category L5e LeMesurier Model -
N1-1 -
Light Commercial Vehicle | N1-II Estimation -
N1-11I -

2.2  Simulation setup

The physics-based vehicle models have been developed in GT-Suite [7], a multiscale, multiphysics
platform widely used for vehicle systems modelling and simulation. Fig. 2: illustrates the model of the
HDT rigid 14 - 20 tonne gross vehicle weight (GVW) BEV as an example, highlighting the detailed level
of modelling of vehicle subsystems. In cases where the required data for subsystem parametrisation
has not been available, estimates and assumptions, based on relevant engineering experience, have
been used (e.g., positive temperature coefficient (PTC) heating in cabin/battery thermal management
systems). Similar models have been employed for the rest of the vehicle-level use-cases, as explained
in Section 2.1 and shown in Tab. 1:.

Simulations have been performed to study the effect of operational, environmental and driving conditions
on the vehicles’ energy consumptions. Ambient temperatures of 5, 20 and 35 °C have been simulated.
For HDTs, buses and commercial L-category vehicles, vehicle payloads equal to 50% and 75% have
been studied. For passenger cars, an occupancy rate equal to 1.4 people (European average), including
the driver, has been considered. Finally, drive cycles over the whole speed range have been selected
for each vehicle (sub)category, to derive representative energy consumption values. During this
process, the drive cycles have been carefully analysed based on their metrics (e.g., average and
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maximum speed, acceleration, deceleration etc.) and, in some cases, they have even been adapted,
either shortened in duration or scaled down in speed, to create further, modified drive cycles, benefitting
the energy consumption prediction. Tab. 2: shows the drive cycles used in the simulations.
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Fig. 2: LeMesurier vehicle model in GT-Suite. Example of HDT rigid 14 - 20 t BEV.

To derive the speed-dependent energy consumption curves from the simulation outputs, a curve fitting
approach has been employed. Specifically, the polynomial function for hot emission factor modelling, as
defined in the EMEP/EEA air pollutant emission inventory guidebook 2023 [8], has been adopted. This
function, which is inherently used to capture both linear and nonlinear relationships between speed and
emissions for conventional vehicles, accurately represents the energy consumption behaviour of
electrified vehicles across diverse driving conditions.

Alpha - v? + Beta - v + Gamma + Delta
ECF = v A1)
Epsilon - v? + Zeta - v + Eta

where v: speed (km/h), and Alpha, Beta, Gamma, Delta, Epsilon, Zeta & Eta: coefficients.

The coefficients of the equation have been fitted to the simulated data, ensuring full compatibility with
the COPERT/SIBYL model structure and allowing seamless integration of 2ZERO derived data into the
EU level transport modelling framework.

23 Estimation approach for non-simulated cases

After applying curve fitting techniques to derive the ECFs for the simulated vehicles, the results have
been extended to non-simulated cases, i.e., vehicles not explicitly represented in the use-cases of
2ZERO projects. Two estimation methods have been used for this purpose; linear and power-law
interpolation/extrapolation.

Linear Y=y, + %(x — %) 2)
X
Power-law y= yo(x—)“ (3)

where y: energy consumption (kW.h/km), x: vehicle mass (t), and a: scaling exponent.
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The power-law method has proven more representative in the majority of the cases, due to the non-
linear relationship between energy consumption and vehicle mass, i.e., gross combined weight (GCW).
Each approach presents its own strengths and limitations, and its applicability depends on the availability
and quality of input data.

Tab. 2: Drive cycles used in the simulations for each 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 JCO08 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* UbDDS
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

3 Results
3.1 Simulation runs

The results from all modelled vehicles are presented partially to give an exemplary overview of the work
conducted.

Fig. 3: shows the fitted ECFs of the HDT articulated 40 - 50 t BEV and FCEV at an ambient temperature
of 20 °C, as derived from scattered simulation values. Both at 50% (Fig. 3:(a)) and 75% (Fig. 3:(b))
payload, the FCEV exhibits higher energy consumption than the BEV, primarily due to its lower overall
powertrain efficiency. On average, the FCEV consumes 47% more energy than the BEV, regardless of
the payload. As expected, in both vehicle types the energy consumption rises with increasing payload.
The ECF for the BEV ranges from 1.11 - 1.36 kW.h/km at 50% payload and 1.27 - 1.61 kW.h/km at 75%
payload, while the FCEV ranges from 1.61 - 2.32 kW.h/km and 1.82 - 2.73 kW.h/km, respectively.

For buses, the fitted ECFs at ambient temperatures of 5, 20 and 35 °C are presented for the urban bus
midi €15 t BEV with a 50% payload (i.e., 11 out of 22 passengers) in Fig. 4:. The results in Fig. 4:(a)
highlight important differences in energy consumption across the three ambient temperatures, mainly
driven by the use of cabin and battery heating (5 °C) or cooling (35 °C). The average energy consumption
increases by 23.0% at 5 °C compared to 20 °C, while the respective rise at 35 °C is 21.8%. The critical
impact of ancillaries on energy consumption is better illustrated by the scattered simulation results where
the ancillaries are deactivated. These particular results are close to the results at 20 °C, where thermal
effects on the energy consumption are smaller. In a similar direction, Fig. 4:(b) shows the effect of
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regenerative braking on energy consumption at 20 °C. By accounting for regenerative braking, the
average energy savings are 14.2% compared to cases where it is neglected, showing its importance in
improving the energy efficiency of electrified vehicles.
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Fig. 3: Fitted ECFs and scattered simulation results for the HDT articulated 40 - 50 t BEV and

FCEV at 20 °C for (a) 50% and (b) 75% payload.
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Fig. 4: Fitted ECFs and scattered simulation results for the urban bus midi <15 t BEV for 50%

payload. (a) Impact of ambient temperature and ancillaries. (b) Impact of regenerative
braking at 20 °C.

The validation of simulation results for the L-category (L5e-B commercial tricycle) BEV and
benchmarking, i.e., comparison with previous values in the COPERT/SIBYL tool ([9], [10]), for the
medium passenger BEV are shown in Fig. 5:(a) and Fig. 5:(b), respectively. Both steps are critical to
verify the credibility and reliability in the LeMesurier modelling framework. For the validation of the L5e-
B BEV, simulated data has been provided by the GIANTS project [11]. Only differences in the range of
5 - 10% exist between the LeMesurier and GIANTS results at 20 °C with no vehicle cargo, which
strengthens confidence in the LeMesurier models. Such discrepancies are acceptable since they
primarily stem from limitations in data exchange (e.g., confidentiality constraints), as not all project-
specific data could be shared in detail, restricting the LeMesurier models to approximations in certain
aspects (e.g., e-motor efficiency mapping and battery models). Regarding the comparison of the
medium passenger BEV, featuring advanced power electronics, with previous values in COPERT/SIBYL
at 20 °C and 1.4 occupants (including the driver), the results show less energy consumption in the
2ZERO vehicle, reflecting the impact of the innovative power electronics solutions from the 2ZERO
Partnership. The average energy consumption reduction is 12.7%.


https://giants-project.eu/
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Fig. 5: Validation and benchmarking of LeMesurier simulation results. (a) L5e-B BEV validation
against data provided by GIANTS at 20 °C with no cargo. (b) Comparison of medium
passenger BEV including advanced power electronics with previous COPERT/SIBYL

values ([9], [10]) at 20 °C with 1.4 occupants.

More results on the simulations runs including all modelled vehicles may be found in deliverable D2.2
[12] of the LeMesurier project.

3.2 Estimation methods

For the estimation results, part of the results for battery-electric light commercial vehicles (LCVs), a
category not discussed so far, are presented. Due to the lack of explicit LCV use-cases in the 2ZERO
project portfolio at the moment, no simulations have been performed for this category. Instead, the
assumption has been made that LCV technologies are a mix of that in BEV passenger cars and low-
weight HDT rigid BEVs, i.e., rigid <7.5 t. This assumption has enabled the application of the power-law
interpolation method to estimate the ECFs for N1-1, N1-1l and N1-1ll BEVs, as shown in Fig. 6:. In fact,
the ECFs for N1-1 BEVs at 20 °C and 50% payload (0.14 - 0.24 kW.h/km) are really close to the ECFs
for medium passenger BEVs with 1.4 occupants, which is explained by the similar total combined vehicle
weight. On the other hand, consumption rises for N1-11 (0.22 - 0.37 kW.h/km) and N1-IIl (0.38 - 0.63
kW.h/km) BEVs due to weight increase. Particularly for N1-1ll BEVs, there is a non-linear increase in
energy consumption at high speeds compared to N1-1 and N1-Il, related to the larger size of the vehicles

and subsequent aerodynamic losses, which are amplified by the rigid truck’s major effect on the
interpolated values.
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Fig. 6: Estimated ECFs for battery-electric LCVs at 20 °C and 50% payload.
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Again, more detailed estimation results are available in deliverable D2.2.
3.3  Allocation to COPERT/SIBYL and impact of 2ZERO technologies

The derived ECFs are allocated to the respective COPERT/SIBYL vehicle categories to evaluate the
impact of the current 2ZERO project portfolio on road transport energy consumption in the EU27 using
the COPERT/SIBYL tool.

To this end, two distinct but comparable projection scenarios have been constructed and simulated
within COPERT/SIBYL, providing EU27 vehicle parc energy consumption results up to 2050. Both
scenarios have been built upon the same assumptions regarding vehicle fleet evolution, activity
projections and policy context, ensuring a consistent and fair base for comparison. In particular, all
assumptions concerning powertrain shares, both in the total fleet and in new registrations, have been
held constant across scenarios. EU27 monthly average ambient temperatures have also been applied
equally across both scenarios. Additionally, both scenarios are aligned with the same policy trajectory,
incorporating the “Fit for 55” package, the 2030 zero-emission sales targets for buses and trucks, the
Euro 7 regulation and the broader 2040 Climate Target framework adopted at an EU level.

The first scenario, referred to as the “Baseline”, represents the energy use projections based on existing
established energy consumption factors for BEVs and FCEVs that are currently embedded in the tool.
These ECFs originate from a combination of validated sources, including simulation-based studies, on-
road measurement campaigns and public data repositories. These factors reflect typical values
observed or calculated for vehicles up to the present, and, whilst these observations, e.g., from
technology demonstrator measurement campaigns, might relate to vehicle technologies that will only
reach the market in the future, they do not explicitly incorporate any potential improvements arising from
the specific research and development under the 2ZERO Partnership.

The second scenario, referred to as the “2ZERO Scenario”, incorporates advanced vehicle technologies
emerging from the 2ZERO project portfolio. Starting from 2030, a gradually increasing share of new
BEV and FCEYV registrations reflects the vehicles modelled within the current study. These vehicles
feature lower energy consumption factors due to improved powertrain components, thermal
management and drivetrain efficiency, as developed within the 2ZERO projects. The rate of market
penetration follows a sigmoid function, capturing a realistic S-curve of innovation uptake. As illustrated
in Fig. 7:, penetration starts at around 5% in 2030, reaches 10% by 2035, rises to nearly 50% in 2040
and achieves full saturation (100% of new electric vehicle sales) by 2050. This assumption reflects a
realistic and policy-consistent pace of innovation deployment and market readiness for the technologies
expected to emerge from the 2ZERO projects.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

Percentage of 2ZERO technology vehicles in
new ZEVs registrations (%)

v

S o YR R R R A S IR AN
S ,L@)%Q’b TSI I IR AR 5

o P S
Year

Fig. 7: Percentage of 2ZERO technology vehicles in new zero-emission vehicles (ZEVs)
registrations overtime (sigmoid function).
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Given the relevant assumptions, any observed differences in projected energy consumption between
the two scenarios are exclusively attributed to differences in the energy consumption of both BEVs
and/or FCEVs. In fact, the results reveal a clear lower trend in Tank-to-Wheel (TtW) energy consumption
in the “2ZERO Scenario” compared to the “Baseline”. As shown in Fig. 8:(a), the overall trajectory of
energy demand begins to diverge visibly after 2030, marking the entrance of 2ZERO technologies into
the vehicle fleet. The effect becomes more prominent after 2040, as the share of these advanced
vehicles within the parc increases significantly. By 2050, the total TtW energy consumption of the EU27
road transport sector is approximately 2% lower in the “2ZERO Scenario” compared to the “Baseline”.
This reduction is also illustrated in Fig. 8:(b) as the year-over-year percentage savings at particular
years. Although the relative reduction may appear moderate, it corresponds to a considerable absolute
energy saving (2.8 Mtoe by 2050) when scaled across the entire EU27 road transport system. Moreover,
this outcome is 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 scenario assumptions. The results confirm the tangible contribution that
advanced BEV and FCEV technologies from the 2ZERO Partnership can make towards EU energy
consumption reduction (hence also decarbonisation) targets. They also demonstrate how physics-based
vehicle modelling can be successfully coupled with fleet-level simulation tools, such as COPERT/SIBYL,
to support strategic energy and climate policy assessment.
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Fig. 8: EU27 road transport energy consumption of “2ZERO Scenario” compared to the “Baseline”

up to 2050. (a) Absolute values (Mtoe), (b) Relative decrease from 2ZERO (%).

4 Conclusion

A physics-based modelling framework has been developed in the LeMesurier project to calculate the
energy consumption of BEV and FCEV technologies developed within (as of 2025) the 2ZERO
Partnership. Simulation results and estimation have been derived for all vehicle categories and selected
outputs have been presented. Part of the results have been validated against project data and compared
with previous COPERT/SIBYL values. The results have been integrated into COPERT/SIBYL for EU27
road transport energy demand, revealing a 2% energy reduction compared to the current EU reference
scenario.

The method proposed in this paper offers a systematic approach for quantifying energy use in future
electrified vehicles, as well as integrating these results into large-scale transport and emission modelling
tools. Possible limitations of this work include: i) the lack of on-road measured data for validation
purposes, and ii) uncertainty in the extrapolated results. Future work will focus on further validation and
broader scenario coverage.
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